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ABSTRACT

Therearemary well-usedtechniquesn exploratoryvisualizationthat select filter or highlight particularaspectof the
visualizationto gain a betterunderstandin@f the structureandmalkeupof the underlyinginformation.Indeed distortion
techniqueshave beendevelopedthatdeformand move differentspatialelementsof the representatiomallowing the user
to view andinvestigateinternalaspectf the visualization. But this distortionmay causethe userto misunderstanthe
spatialstructureand context of surroundinginformation and works betterwhenthe userknows what featurethey are
looking for. We believe thatregular separationtechniquesthat separat@ndgeneratespaceroundfeaturesor objectsof
interestclarifiesthe visual representationsgre underusedndthat their useshouldbe encouragedWe describerelated
researctandliterature,presentsomenen methodsandclassifythe realizationsby whattype of separatioris usedand
whatinformationis beingseparated.
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1. INTRODUCTION & MOTIVATION

Layout, positioningandspaceareimportantfacetsof mary applicationsncludingvisualization.For example,spaceand

silencein musicmake the phrasesand motifs ‘standout’ andbe heard. Restandsleepin our daily cycle enablesusto

recover from the day; in Macbeth,Shalespearenrites “[sleep is the] nourisherof life’s feast”!  Indeed,spaceis the

naturaldelimiterin thewritten word, allowing thereadeito scanandunderstan@achindividual word andphrasewe use
shortgapsto delimit words,andnew linesor indentationgo determingparagraphsyhenreadingour eyesmalke saccadic
movementsyvisually searchingheimage,makingeye scanmovementsrom fixation to fixation? moving from oneword

to another

A dictionarydefinition of sepaate® includesaspectof ‘setting or keepingapart’,disconnectinggdispersingn space
ortime, scatteringgoin differentdirections severties;block off andsegregate;isolateandextract;dislocationandbreak.
Thus,in essencseparatiotechniquesnove aspect®f thedataandvisualizationapart theoperatiormayaddintervening
spaceoundpertinentfeaturesor areaghatmayappeainteresting.or completelymove objectsawvay.

The motivation behindthis separatiorideais to provide space,both spatially and temporally to specificallylook
at, explore andexaminein more depthparticularaspectof the information. For example,internalisosurbcesmay be
obscuredby externalsurfacesor otherobjects,by usingsomeform of separatiorthe internalobjectsmay be ableto be
seen:whetherpartially via the generatedspacefrom a spatialseparatioror througha spatialextraction of thoseonce
occludedobjects.

Moreover, in this ‘information age’ with computersaandpeoplegeneratingprocessingandexchangingvastamounts
of dataandinformation— with no apparentndin sightto this ever increasingdatamountain— effective exploratory
visualizationcanhelpuseramake importantdiscoveriesgenerateéheories generatanodelsanddevelopanunderstanding
of theunderlyinginformation.So,we needto designeffective visualizations.

Theuseof white spacds oneof thetoolsthatenablesnformationto bedisplayedclearly Separatioiechniquesllow
objects(or parts)of thethreedimensionalisualizationto bedistancear displacedrom eachother Thenewly generated
spacebetweerthe objectsallow the viewer to explore moreeasilyandbetterunderstandhe makeupof the information.
For example, Tufte* discussegeneratingappropriategraphicsthat aretruthful, do not misguidethe userandallow for
comparisonsSo chartjunkandelementghat do not pertainto the variablesandvaluesof the data,thatdo not make up
the dataink, shouldbe removed. Table2 on theright is a muchimproved versionof thaton table1 on the left, this is
achiezedby removing thelinesandreplacingit with space This highlightstheimportanceof space.
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Figure 1. Spatialconjunction afterWare? Thefigureshavsthatseparationnayaid a pre-attentre conjunctionsearchwhenthe user
is asledto find (say)gray ellipses,they eitherhave to searchthe grey thingsor the elliptical things. This processnay be speededip
by spatialgrouping,depictecto theright.

Monthly Temperaturesfor England 2000 (°C)

Monthly Temperaturesfor England 2000 (°C)

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 175 12.0 5.9 -0.2
May 25.0 15.2 9.7 5.8
June 29.1 17.7 115 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 depictedusingmary verticalandhori-
zontallinesthataremeantto demarcateachindividual val-
ues,but, theselinesrepresenthartjunkandthusdistractthe
userfrom the referencanformation. The tableitself shavs
monthly temperature$or England2000in °C. Datacour
tesyof the UK Met office.

January
February
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September
October
November
December

Maximum

13.3
14.7
16.7
175
25.0
29.1
24.6
26.5
24.7
18.8
14.1
14.9

Average

Maximum  Minimum

7.9

9.6
10.8
12.0
15.2
17.7
17.4
20.0
19.7
14.8
10.7

8.7

2.7
3.6
4.7
5.9
9.7
115
11.9
13.8
12.8
8.6
5.1
4.6

Average Minimum

-3.6
-3.0
-0.7
-0.2
5.8
7.0
7.9
7.7
7.0
4.4
0.7
-4.2

Table 2. Thetableis depictedwithout the extra lines, which pro-
vide a better clearerrepresentationf the information. The data
itself representsnonthly temperaturefor Englandin 2000. Data
courtesyof the UK Met office.

Suchaseparatiomr groupingof subpartsmayaidin perceptuabperationsuchasconjunctive searchesk-or example,
Waré® explainsthat pre-attentre conjunctionsearchto find (say) gray ellipses,eitherthe grey thingsor the elliptical

thingsmustbe searchedHowever, this may be speededip by spatialgrouping,suchasin theright partof Figurel.

Thusin this papermwe propose:

1. thatseparatioriechniquesreuseful,easyto generateandthatthey areunderused,

2. thatseparatiormay occurat differentstagef thevisualizationprocessandof differentstylesof data,

3. therearedifferentseparatioroperationsappropriatdor visualizationexploration,

4. visualizationghatcontainseparateihformationshouldmaintaincontextualinformationof thosedisplacedbjects.

In section2 we cateyorizeanddiscussvhatkind of separatiormndwhereit mayoccut andprovide somevisualization

examples.Finally, we discusghe methodgpresentedh this paper(section3) andconcludein section4.
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Figure 2: ThevisualizationprocessafterHaberandMcNabb® ¢

2. CATEGORIZATION & EXAMPLES

Spaceandlayoutareimportanttoolsfor thevisualizer Thevisualforms—the symbolsandmarksof avisualization-are
placedon a spatial'workbench’to form thevisualrepresentation.

In particularthe numerical textual datais exchangednto someform of visual structure:a visual abstracform that
consistsof symbols,marks, graphicaland perhapstemporalproperties. This abstractform is then mapped via view
transformationsinto a spatialrepresentatiomnvhich canbe displayeg®:¢ seeFigure2. Suchview transformationsnay
includezoom,pan,clipping, distortionandchangingvisualeffectsfrom (say)abrushingcommand. Indeed Cardetalin
chapterl say“The mostfundamentahspecbf thevisualstructureis space.. spatialpositionis suchagoodvisualcoding
of datathatthefirst decisionof visualizationdesignis which variablesgetspatialencodingat the expenseof others..”

As we seefrom the above referencemodelthereare differentforms of separation.Indeed,we proposethat there
are differenttypesof separatioroperationand that the separatiormay occur at different placesof the dataflav. For
exampleaseparatiommayprovide spacedo demarcatdoundariesndgroupsof objects;jt mayactasanextractorfiltering
(extracting) certainaspectf the informationor visual representationit could actasa hard buffer round sub-area®f
datasuchthatalgorithmswould operatedifferently on the boundarie®f thatdata.

We have generatedifferentvariousregularseparationgndexperimentedvith separatioron dataat variousstage of
thedataflav paradigm.Indeedwe have alsouseda layeringtechniquethatre-joinspartof theinformationbacktogether
We have implementedheseideasin variousvisualizationtoolsincludingIRIS Explorer® theWaltzvisualizationsysteni
andtheVisualizatiortoolkit'? andin this papershawv resultsfrom the VisualizationToolkit. In thenext sectionsve discuss
thetypesof separatioroperationandthenwherethe separatioroccurs.

2.1. Separation Operations

Therearemary differentseparatiommperationsthesewe canseefrom thevarioustransitve sensesf separationincluding
Disconnectior(break),Scatteringexplode,dislocate dispersen spaceor time), Movement(‘go in differentdirections’),
Isolation(extract)andDistortion.

2.1.1. Disconnection

Many datasetgreimplicitly spatial,andhenceareconnectedsone.A separatiomperatiorwould allow oncecontinuous
objectsto betreatedasseparatentities. This operatiorrepresenta barrier: whethemonspatialor spatial. The elements
are sgyregatedand ‘blocked off’ from others. For example,continuousdatafrom an MRI scanmay be separatednto
octantsgachof theoctantsaredisconnectedrom eachothersuchthatafloodfilling operationwould only flood overone
octantandwould not be ableto flood into neighbouringoctants seeFigure3.

2.1.2. Scattering

Scatteringallows the objectsto be displacedtranslatecandmoved from their original position. This includesexplosions
andotherdislocations suchexplodedviews areusedin CAD drawings. Oftenit is desirableto have the displacement
factorconstraineduchthatthe explosionoccursin onecontrolleddirectionratherthanskewing outinto spacan multiple
directionst! Figure4 shavs somepictorial variationsof scattering.
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Figure 3. A separatiomperatiormaydisconnectertainaspect®f theinformation,suchthatelementshatwereconnectedor adjacent
to othersbeforemay be considereds separatesntities,suchthatalgorithmsthat considemeighbourhoodsfor example,flood filling
algorithmswould only flood throughoutheappropriateseparategarts.Part A is theoriginal datasetB shavstheoriginal flood result,
C shavsthe separatiorandpartD depictstheresultingflood.
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Figure 4. Figure shawing differentscatteringor explosion methods. Theseare scatteringf derived data, suchas createdfrom a
flood-fill threshold.




2.1.3. Movement

Dispersiomrmayoperateovertime; motionmaybeusedto separatéheinformation. For example a scatterploof different
humanattributesmaybedisplayedjf themenandwomenweredisplayediy the samesymbolthenthey would notbeable
to bedistinguishedBut, theusercouldselectall theinformationpertainingto women pick themup andmave themaway.
Suchmotionwould be processe@sa pre-attentie cu€? andenablethe informationaboutthe womento be viewed and
seerasseparatéo the maleinformation,however, the groupinginformationwould be lost whenthe movementceased.

Investigative visualizationusingmovementto separateway objectsof interest,especiallyinternalobjectsthatwere
obscuredyasusedby Robertsin the Waltz visualizationsystem?: 12

2.1.4. | solation

An isolation or extraction operationmay occur visually, by arrangingthe appropriatepre-attentre marks(e.g. using
techniqueghatelide,suchaschanginghe color of somemarksto the backgroundtolor), or could occurasanextraction
operationto subsetfilter or specializehe datainto areducedsubsebf information.

2.1.5. Distortion

Although,we arenot specificallyadwocatingdistortionor the magnificationof partsherewe includeit asthe operationis
basedon the sameprinciple but the size,scale orientationmay be distortedduringthe separatioroperation.

Sheelagret al'®- 14 describesomemethodsthat linearly stretch,warp, radially move or displaceobjectsaway from
the ‘line of sight’, enablingthe userto focuson a particularobjector view the information better Suchnon-linear
magnificationtechniquesresimilar to thetechniquesisedby mapcartographers the differentprojectionsusedwhen,
for example,mappingthe surfaceof the earthto a 2D map. Suchdistortiontechniquesnaybeusefulandunderstandable
for certaindatasetsand mappings. Indeed,the userimplicitly understandshe connectionof the graphseven using a
non-linearmappingsasthe adjaceng informationis keptby the explicit line connectiondetweereachnodes but may
not be so appropriateon every kind of representationsuchasisosurficevisualizationsasthe continuousnatureof the
visualizationis representethy the adjaceng with neighbouringobjects.Ware? states‘an obvious perceptualssue... is
whetherthedistortionmalesit difficult to identify importantpartsof the structure”. This problemcanbeespeciallyacute
whenactualgeographicamapsareexpanded.

Themotivationbehindtheir distortiontechniquess to ‘provide spacdor magnificatiorof local detailby compressing
therestof theimage’!* Additional distortionorientedpresentationaredescribedy LeungandApperley.?

2.2. Wherethe separation occurs

We catayorize ‘where and what information may be separatedbasedon the dataflav model, Figure 2. The function
thatgenerateshe sepaation may occurat differentstageqor at differentdataspaces)n the dataflav model. Thusthe
separatiocommandaffectsinformationup streamin the dataflow: asthe up-streandatais dependenbnthe processes
down stream.Thus, it may be arguedthatthe separatiorcommandonly takesplaceat the last mapping-stagehowever,
by cateyorizing the informationin the whole dataflav model,we provide a corvenientmethodto evaluateanddescribe
whatinformationis beingseparate@ndthe scopeof the separationThe scopedeterminesfor example,if the separation
operationis taking placeon thewhole data-spacer on a specificobject.

We statethatthe informationmay be separateét eachstageof the dataflav paradigm,indeedthe separatioroccurs
beforethe next stageoperation.Separatioroperationsnaybe appliedto:

1. theoriginal RefeenceData,
2. theDerivedData, wherethe separatioroperationactsuponindividual categories,sub-setor ary filtereddata,

3. the Abstract Visualization Objects wherethe displacemenbccurson individual parts of the mappedAbstract
VisualizationObject,

4. thelmage and SceenSpace

The separatiorappliedat differentstagesof the dataflav paradigmgenerates differentmethodof explorationand,
aswe explain furtherin the full paper the techniquesat the variousstagesnay be usedtogetherto generatenteresting
separatiomesults.



Figure 5. Part A depictsschematicallythat the datamay be separatednto sub-areas.Eachareamay be displacedto increasethe
inter-dataspacing.PartsB,C andD show two differentisosurbicevaluesbeingdepictedin eachsub-cubewith differentnumbersof
separationgnda variationof the separatiorspread.
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Figure 6. Part A depictsschematicallythat the datamay be separatednto sub-areashat interweae eachother This generates
checlerboardstyle pattern. Parts B,C and D shawv two differentisosuricevaluesbeing depictedin eachsub-cubewith different
numbersof separationanda variationof the separatiorspread.

2.2.1. Separation of the Reference Data

At the datalevel the informationis in its referenceun-processedtateary separatiorat this level hasthe possibility of
beingabstractespeciallyastheinformationitself may or maynotbespatial. For example,if theinformationis in takular
form, a separatioroperationmay occuron a row or column. Disconnectioroperationsmay be usefully appliedhere,
suchthat spatialdatamay be subdvided into a numberof parts. Individual classificationof the subpartamay enablethe
disconnectionsuchasshavn in theskullimagesof the Voxel-man3D navigator'® thatshavs differentpartsof thehuman
skullin variouscolors(red: frontal bone blue left parietalbone,greenlambdoidsuture etc).

Different separatioroperationsmay be appliedto an individual portion of the dataor to the whole dataset. For
example,a subsebf the informationin the Original-DataSpacemay be separatedor, every partof theinformationmay
be moved away in a grid formation. This latter methodis similar to the ‘tiny cubesmethod’ of,!” who display the
threedimensionatataasa seriesof colouredcubeswith openspacebetweerthe cubestheir displacementaluemaybe
dynamicallyalteredto increaseheinter-dataspacing.Suchagrid formationis shavn in Figure5.

Theindividual sub-cubesnaythemselesbedisplacedr scatteredpr maybeoverlayedwith othersub-areasuchthat
eachalternatecubeshawvs differentvisualization.In Figure6 we displaythedatawith two isosurficesplacedneighbourly
suchthatonecubewith adifferentisosurficevalueis depictedn anadjacentube(a checlerboardstyle pattern).
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Figure 7. The LoopShrk.cxxexamplefrom the VisualizationToolkit.!° The exampleshaws thataspectof the mappeddata,suchas
the positionof individual polygonsmay be separated.

B

Figure 8. In partA we visually seethateachsymbolhasthe samewidth andthattheresultwe seeontherightis 1 + 1 = 2. However,
partB shaws thatthe centergap, with the samewidth asthe objects,may visually representin object(albeit a negative description)
thusthreeobjectsarecounted.

2.2.2. Separation of the Derived Data

Separatiorof derived dataallows featuresor subpartgdo be treatedasoneentity. For example, the examplesin Figure4
areexplosionsof datafeatures.The featurescould be generatedrom a isosuriicealgorithm,where,eachof the joined
surfaceswould make up the featureset. Indeed,the aforementioned/oxel-man3D generatesxplodedviews of the
individual skull parts*®

2.2.3. Separation of the Abstract Visualization Objects

It maybeusefulto separat¢heindividual aspect®f themappediata,suchasthe positionof individual polygons.Indeed,
Schroedeetal'? in the VisualizationToolkit provide anexampleLoopShr k. cxx thatshrinksthepolygonsizeto create
agapor spacebetweemeighboursFigure?.

2.2.4. Separation of the Image and Screen Space
Theseparatiomperationcouldoccuralsoattheimagespacesuchanoperatiormaybeconcevedasa clipping operation.

3. DISCUSSION

We have describedmary differentwaysthat separatiormay be usedin exploratoryvisualization. We statethat this is
regularseparatiorastheinformationis not distortedor deformedn ary respectlndeedmostof our exampleshave used
straightcutting planesto divide and distancethe objects; however, like the Voxel-mart® explodedview example,non
planarcutsto separateheinformationarepossibleanduseful.

Oneof theusesof suchseparations to provide spaceandallow theinformationto be betterseen.Indeed separation
operationgdo provide spacebetweenobjectsandfeaturesmakingexplorationpossible but dependingon the amountof
increasespacethevisualizationmaystill have occlusionproblems.Thedistortiontechniquesthatprovide linesof sight
to a particularfeature,may be betterwhenthe userknows whatto look for and how the informationis organised;but
implicit spatialadjacenyg informationmaybelost by usingsuchtechniques.



Anotherproblemwith separatiortechniquesds that the middle gap may look like anotherobject. JosefAlbers, as
quotedby Tufte'® says‘one plusoneequalghreeor more..”. Thisis shavnin figure8. Thisnoiseis directly proportional
to the contrasin valuebetweerthelight anddarkareasthus, Tufte says‘a varyingrangeof lighter colorswill minimize
incidentalclutter”.!® Moreover, sucha separatiorof continuouspartsmay bein conflict with perceptiortheoriessuch
asthe Gestaltlaws? of groupingof parts: for example, proximity is a strongcue: things that are closetogetherare
perceptuallygroupedtogether But the separatiortechniquesnentionedn this papermay aid understandingr certain
perceptuataskssuchasin a conjunctve search(mentionedn sectionl).

This papersuggestshatspaces useful. However, too muchspacewithouttoo muchcontentmay generatea useless
visualizationindeedtaking this ideato the extrememay or may not be useful. For example,spacein musicis useful,
however, taking the spaceto its furthestconclusiongeneratesilence;asindeedJohnCagedid with his pieceof music
4'33" thatdetailsa completeabsencef sound?® In this casejt is arguedthatthis silenceallows thelistenerto relax,be
atpeacehearthewind throughthetrees?! but sucha philosophicakxtremeappliedto visualizationwould meannothing
is displayed:a meaninglessisualizationwould result.

4. CONCLUSION

SpatialSeparations a simpleconceptyetwe believe it is a methodthatis not widely used.We have describedlifferent
separationtechniquesandprovided a categorizationof wherethe informationmay be separatedThis groupingis based
on the dataflav model and provides a corvenientway to evaluatewhat information may be separated.We have also
presentedomeexamplevisualizations.

Furtherwork andevaluationof the useof separatiorwould be beneficial.Indeed Sheelaghetal* mentionthestudies
by Wareaboutthe ‘amountof usablespacan a 3D graphdisplay’.

Separatiorshouldbe encourage@sa goodmethod,but to gain a correctunderstandingf the informationmultiple
visualizationmethodsshouldbe usedto displaythe sameinformation. In ary visualizationexploration— especiallyin
separation- the taskis to find objectsof interestby highlighting and moving partsof the visualization,whetherthese
arethe objectsof interestthemselesor occluding(non-interestingfacets.By usingregular separatiortechniquest is
possibleto explore the visualizationandfind featuresof interest,indeed,this is madeeasierby keepingthe adjaceng
informationof the partsof the visualization.
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