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ABSTRACT

Partitioning of geo-spatiatlatafor ef cient allocationof resources
suchasschoolsandemepgeny healthcareservicess drivenby a
needto provide betterand more effective services.Partitioning of
spatialdatais a comple processthat dependson numerousfac-
torssuchaspopulation,costsincurredin deploying or utilizing re-
sourcesandtarget capacityof aresource Moreover, comple data
suchaspopulationdistributionsaredynamici.e. they may change
over time. Simple animationmay not effectively shav temporal
changesn spatialdata. We proposethe useof threetemporalvi-
sualizationtechniques wedgesrings andtime slices- to display
the natureof changein temporaldatain a singleview. Along with
maximizing resourceutilization and minimizing utilization costs,
a partition should also ensurethe long-term effectivenessof the
plan. We usemulti-attribute visualizationtechniquego highlight
the strengthsandidentify the weaknessesf a partition. Compara-
tive visualizationtechniquesllow multiple partitionsto be viewed
simultaneously Userscan make informeddecisionsabouthow to
partitiongeo-spatiatlataby usinga combinationof our techniques
for multi-attribute visualization,temporalvisualizationand com-
paratve visualization.

CR Categories: 1.3.6 [MethodologyandTechniques]interaction
techniqued.3.8 [Applications]

Keywords:  Temporalvisualization, time-dependenattributes,
spatialdata,multi-attribute visualization resourceallocation

1 INTRODUCTION

Spatialdatasuchasthe populationof a countymay be distributed
unerenly acrossneighborhoodsResourcesuchasschoolsor re
stations,on the other hand,arelimited in their locations,service
areasresourcesndcapacities.Optimally distributing sucha lim-
ited set of resourcesacrossa spatialregion is known as the re-
sourceallocationor partitioningproblem. The location-allocation
problem([6] is differentfrom the resourceallocationproblem. A
location-allocatiorproblemconsistof two parts—whereo locate
the new resourcesindwhich areaswill the new resourceservice
in orderto improve resourceutilization. Schoolboundaryline ad-
justmentpolitical redistricting,identifyingemegeng responsee-
gions (e.g. deplgsing re stations)and urbanplanningand zon-
ing are examplesof real-world resourceallocationproblemsthat
may bene t from exploratorydataanalysistools. In this paper we
presentvisualizationtechniquegor dataanalaysighatwill aid in
spatialpartitioningto solve the resourceallocationproblem. Our
goalis notto generatesolutionsto the resourceallocationproblem
but to assista userin makingintelligent and well-informed deci-
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sionsin the procesf partitioningby creatingeffective visualiza-
tionsof known dataandproposedlans.

Spatialdataand it's temporalcharacteristicsieedto be well-
understoodn orderto generateptimal partitionsandto minimize
the needfor frequentrepartitioning. Visual representationsf the
dataandthe changeit undegoesprovide a betterinsightinto the
characteristicef the data. The visualizationtools for time-varying
datathat we presentin this paperassistin decision-makingand
complementhe complex processof spatialpartitioning. In addi-
tion, if onecould evaluateasone plansand monitor the changea
particularassignmentausedo the scenarioone candynamically
adaptpartitioningdecisions.Adaptive decisionscanbe facilitated
by displayinginformationaboutthe effectsthatallocationor tem-
poral changesn datavaluesmay causeto long-termeffectiveness
of the partition. Resourcallocationmay have multiple acceptable
scenariosind, moreoftenthannot, thereis no bestsolutionto the
problem. Comparingmultiple plansallows the usersto choosea
solutionwith thebestbalanceof resourcesindutilizationwith eval-
uationcriteria suchasequitableallocationof resourcescrossthe
county Evaluatingthe long-termeffectivenessof the solutionbe-
foreit is putinto practicecanminimize frequentrepartitioning.

Figure 1: Neighborhoods and High School Locations in Howard
County.

We presentvisualizationtechniquesfor multi-variate dataand
time-varying geo-spatiatiata. Orthogonalisual cuessuchashue,
saturationandbrightnessare usedto displayup to threeindepen-
dentdatavariables Additional dataattributesarerepresentedsing
visual cuessuchasdensityto convey numerousnessAlthough it
is possibleto displaytime-varyingdatausingtraditionalanimation,
theusermay oftenfail to noticesimultaneousmallandlocal tem-
poralchangesn datadueto inattentionablindnesg5] andchange
blindnesq8]. Thereforewe aim to visualizetemporalchangesn
asingle,staticandprintableview. An image,beingmoregeneral,
canbeprintedoutlik etext to beobsenedandanalyzed We present
threetechniquesnspiredfrom real-life temporalobjects(treerings,



the dial of a clock, and left-to-right time slices)to visualizethe
changingpatternsof populationdata. Our techniqueslaborateon
humancognitionto representemporalchangesn data.We extend
ourtemporalvisualizationtechniquegor comparatie visualization
of multiple solutions.

2 REPARTITIONING A SCHOOL DISTRICT

We visualizereal populationdatafrom the Howard County Pub-
lic SchoolSystem(HCPSS)in Marylandwhich has38 elementary
schools,19 middle schoolsand 11 high schools(Figure 1). For
planningpurposesthe countyis divided into 260 neighborhoods
or planningpolygonswith multiple associateattributeswith them
suchasstudentpopulationby grade,numberof studentgequiring
free and reducedmeals(FARM), distancesrom the schools,test
scoresandplannedhousingby type. Every type of plannedhous-
ing hasan associateger houseconstantfactor that indicatesthe
averagenumberof studenteachunitis expectedo house.Thepre-
dictedpopulationgrowth is modeledasa sumof the contritutions
thatthesenew developmentanake towardsthe studentpopulation.
To meetthegrowing high schoolstudentpopulationthe HCPSSis
introducinganew high school(thetwelfth school),MarriottsRidge
High School,in theacademigear2005-06with a capacityof 1332
students.HCPSShasa tool for what-if analysisto look at the ef-
fectsof reassigningneighborhoodbasedn capacitiesFARM, and
the feedersystem(studentsmoving from elementaryto middle to
high schoolswith a cohortof otherstudents).However, this tool
hasno mapinterfaceanddoesnot considerpopulationprojections.
Thelack of amapinterfacemakesvisualinterpretatiorof distances
dif cult. Likewise,thelack of populationprojectionsrequiresthe
userto have aninsightinto demographichangescrosghe neigh-
borhoodswhile reassigninghem, makingredistrictinga mentally
fatiguingprocess.

School attendanceareasare redistricted by partitioning the
neighborhoodsf a countyinto regions. Eachneighborhoodplan-
ning polygon) belongsto exactly one schoolregion at eachlevel
(elementarymiddle and high schoollevel). A schoolassignment
(partition) can be generatedn numerouswvaysto createmultiple
alternatve schooldistrict plans. Partitioning of a schooldistrictis
primarily in uenced by thetargetenrollmentof theschoolsaneed
to accommodatthein ux of new studentsandthegoalof ef cient
useof resourcesEachpolygonis assignedo a schoolusingcrite-
ria suchasproximity (shavn by a mapof the planningpolygons),
currentlyavailableseatdn theschool,andstudenpopulationin the
planningpolygon(shavn by multiple spreadsheetsRedistricting
is especiallydif cult if changesn populationdensitiesarealsoto
be consideredvhen generatinga plan. Suchdecisionscannotbe
madeonly by consideringa staticview of the populationandthe
schools'tamget capacities.A planthatmay meettarget schoolca-
pacitiesthis yearmay lead to underutilizedschoolsin oneregion
andoverutilizedschoolsin otherregionsasnew housingdevelop-
mentsarebuilt. Thesechangeshouldbeanticipatedvhenpossible
andtakeninto accountduringtheredistrictingprocesgo minimize
the needfor futureredistricting.

The problemof partitioning the neighborhood®f a countyto
make school assignmentsvhen assistedwith visualizationtech-
nigues can be sub-dvided into the tasks of analyzing multi-
attribute data,understandinghe temporalchangein them, evalu-
atingchoicesandcomparingmultiple solutionsto choosehemost
optimalone.In this paperwe preseninulti-attributemappingtech-
niquesfor analyzingmulti-attribute polygondata,temporalvisual-
izationtechniquego representhangein time-varying data,anda
combinationof thesetechniquedo comparedifferentscenariosn
asingleview to addresgachof thesetasks.

3 RELATED WORK

Geo-spatiabatasetswhile often unstructuredtypically have size,
distances directions, locationsand altitudes giving them an in-
herentpositionalstructureand shape[4]. Maintainingthe spatial
boundarief suchspatialobjects(neighborhoodsimposesstruc-
tural andpositionalconstraintson the choiceof visualizationtech-
nigues. The dataassociateavith spatialobjectscanalsobe multi-
variate.Visualizingsuchmulti-variatespatialobjectsis a challeng-
ing task.

Time-varyinggeo-spatiatiatavolumesareoftensolargeandin-
teractionsamongsthemso comple, thatit is dif cult for people
to understandhow the datachange®ver time whenindividual im-
agesareviewed in isolation. Therefore,to shav both spatialand
temporalaspectsof data, specialvisual methodsare requiredto
uncover importantpatternsand relationships. Changesn spatio-
temporaldatamay be existential changegsuchas appearancer
disappearancef characteristics)spatialchangegsuchaschanges
in shape position and orientation)and attribute changeqsuchas
changesin non-spatialcharacteristicof spatial objects)[1]. In
this paper we dealwith attribute changesin spatio-temporatiata.
Trajectory-basedechniquesproposecdby Skupinet al. [10], rep-
resentchangein the attribute asmovementof the objectsacrossa
two-dimensionaBelf OrganizingMap (SOM) surface. Patternsof
developmentrevisible aftercomputationathangeso thedatathat
distort their spatiallocations. Our application,by contrast,needs
the spatiallocationsof the datato be presered.

Slocumet al. [11] suggesthat spatio-temporatiataassociated
with point locationscanbe displayedusinganimation,small mul-
tiples, or changemapsasshawn in their tool MapTime However,
asmentionedby Andrienko etal. [1], animationis oftennot effec-
tive for analyzingchangein attribute valuesdueto the effects of
changeblindnesg8]. Skupinetal. arguethattheneedfor temporal
visualizationmethodsfor censusdatacannotbe ful lled by using
multiple mapsplacedside-by-sideor by using percentagehange
maps.Owingto thelargesizeof censusiata,it is imperatie to not
leave the task of identifying changefor visual detectionsolely to
thehumanuser

CommonGIS[1] offers multiple techniquesfor visualization
wherea coherendisplayof multiple maps,alsousedin MapTime
by Slocumet al. [11], is usedto compareseveral scenarios. In
addition, CommonGlSalso provides choroplethmaps,time maps
andtime aggrejatorsto visualizespatio-temporatiata. However,
with the exceptionof the choroplethmaps,mostof the techniques
provided in CommonGISrepresentiatausing graphs.time-series
charts,histogramsandscattermlots. We aim to visualizeinforma-
tion on the map while maintainingthe spatial boundariesof the
planning polygons, since they aid the userin understandinghe
data.

4 VISUAL MAPPING OF MULTIPLE ATTRIBUTES

Attribute datais associateavith neighborhoodaswell asschools.
Each neighborhoodcan be consideredas a unit of information
having multiple attributes. Similarly, eachschool hasinforma-
tion aboutits target enroliment,costof busingstudentsacademic
performance the percentageof studentsqualifying for free and
reducedmealsand socio-economidistribution underthe current
schoolassignmentsThisinformationcanbedisplayedo assisthe
userin choosingthe bestpossibleassignmenbf a polygonduring
theredistrictingprocess.

4.1 Visual Parameters

Visual parametersuchas hue, saturation brightnessand opacity
canbeindependentlynappedo numericdatato representhevari-



ationin datavaluesin avisualization.In Figure2, the saturatiorof
the polygonsis variedaccordingto averageMaryland SchoolAs-
sessmentMSA) testscoresprightnessorrespondso high school
studentpopulation. Brighter neighborhood$ave a higher popu-
lation of high school children than darker neighborhoodswhile
highly saturatedheighborhood$ave higheraverageson the MSA
teststhan less saturatecheighborhoods.In Figure 2, notice how
larger neighborhood®n the north-westerrside of Howard County
have fewer high schoolstudentswhile the smallerneighborhoods
in the centralregion have largerhigh schoolstudentpopulations.

Although hue, saturationand brightnesscan conceptuallymap
up to threedataparameterindependentlythe resultof the combi-
nationof theseparametersnakesvisualidenti cation of individual
datavaluesdif cult. Variationsin saturationcanbe usedto repre-
sentordereddata,but mostpeoplecannotaccuratelycomparesat-
urationlevels, especiallyacrosshues[2]. Saturatiorandlightness
arecloselyrelatedwheresaturatiorscalemay alsocontaina wide
rangeof brightnessesmakingit dif cult to control the look of a
color schemen a systematiananner

Figure 2: Multi-A ttribute Mapping of Howard County. Saturation
of the polygons is varied accarding to the average Maryland School
Assessment(MSA) test scares while the brightness corresponds to
High School population. Each of the dots on the planning polygons
represents ve children residing in that polygon that need free and
reduced meals.

4.2 Numerousness

Visual parametersuchassizeanddensityof symbols[7] canalso
be usedto overlay informationon the visualization. Although we
areunableto modify thesizeandshapeof theplanningpolygonsin
our dataset,we canusesymbolsto displaydata.For example,the
numberof studentspresentin a schooldistrict canbe represented
by shaving eachstudentor group of studentsasa dot within the
neighborhood.Using this representationa denselydottedneigh-
borhoodhasmore studentghana sparselydottedone. Using dot
densitymaps,where single dataor a collection of datais repre-
sentedasa singledot, we canoverlay anothemumericattribute on
theplanningpolygons.
In Figure2, eachof thedotsin the planningpolygonsrepresents

ve childrenresidingin that polygonwho needfree andreduced
meals.The planningpolygonsin centralregion of Howard County
(enlagedin Figure2) areseerto have higherFARM ratiosthanthe
otherplanningpolygons.Althoughthedotdensitydisplaydoesnot
occludetheunderlyingimageaslong asthedotsizeanddotdensity
is low, it canpotentiallycauseclutteringin theimage.

4.3 Perceptionof Color and It' s Effectson Visual Mappings

Thethreecomponent®f colo—hue,saturatiorandbrightnesgor
percevedlightness)—whemisedsimultaneouslyn avisualization,
canleadto perceptuabnomaliesaffecting appearanceDueto the
Helmholtz-Kohlrauscheffect [14], certainhueswith more satura-
tion (e.g.red,blue)or thosewith low saturatione.gwhite, yellow)
whenequatedn brightnesswhile beingusedin visual mappings,
canleadto falseperception®f the datathat they represent.An-
otheraspeciof huelies in just noticeabledifferenceswheresome
hueshave more perceptiblecolor gradationsthan others. In par
ticular, color discriminationsare muchmore acutefor warm hues
thanfor greenhues. As a result, changesn lightnessor satura-
tion of greenhuesareharderto differentiate Anotherphenomenon
affecting the perceptionof huesrelatedto changedn intensityis
the Bezold-Brucle Hue Shift, wherecolor sampleswill look more
reddishor greenishat lower brightnesdevels,andmoreblueishor
yellowish at higherbrightnesdevels|[3].

The rangeof colors we can see,and our judgmentsof color
differencesand similarities, dependon the color materials,color
variety contrastbackgroundsand surroundlighting that generate
the color perceptiong12]. Dueto variationsin the perceptionof
colorandcolorappearances multi-dimensionamappingof three
dataparameterso hue, saturationandbrightnessmay not be per
ceived correctly Usingthe multi-dimensionahatureof color sym-
bolization,upto threedatavariablescanbevisuallyrepresentef?].
Thechoiceof thevisual parameteto which a datavariablewill be
mappeddepend®n the natureof the datato berepresentedNom-
inal datavalues,suchashigh schoolsthat needto beindividually
identi ed, canbe mappedo huegiving eachhigh schoola unique
hue. Quantitatve datavaluesneedto be mappedo monotonically
increasingor decreasingisual parametersuchas the saturation
or the brightnesscomponenof color. Dataparametershatrepre-
sentdensityor thosethat canbe aggreatedinto a symbolcanbe
mappedusingthe dotdensityapproach.

Figure 3: Wedges: The high school population is mapped to the
saturation of the planning polygons. Each planning polygon is di-
vided into three wedges,each corresponding to the years 2005, 2006
and 2007 in clockwise order. Observe how the changing levels of
saturation indicate increasing or decreasingpopulation.

5 TEMPORAL DISPLAY OF TIME-VARYING ATTRIBUTES

Temporalvisualizationof the changesn the studentpopulationin

eachgradecan assistthe userin planningschoolregions (atten-
danceareasyccordingto their long-termimpacton theenrollment
of the school. Knowledgeof temporalinformationat the planning
stagecan be usedto malke betterplans. Animation is commonly



usedto displaytemporallyvarying data,but this approachcanin-

troduceinattentionablindnesd5]. While performinganattention-
demandingask,onecanbe “blind” to otherfeaturesin the scene
that would be salientif onewerejust “looking” at the sceneand
nottrying to completethe task. Moreover, merelyrepresentinghe
changean the dataratherthanthe actualdatavaluesfor every year
doesnot corvey thetrend,with theresultthatlarge changesn the
datamaygo unnoticed.To displayyearlydataandshov achanging
patternwithouttheuseof animationwe presenthreetechniqueso

visualizetemporalchanges$n thepopulationof a planningpolygon.

5.1 Wedges

The daily experienceof observingthe dial of a clock to perceve
time hasconditionedour cognitive systemto visualizingclockwise
(or counterclockwise) motion as advancing (or receding)time.
Drawing uponthis experiencethewedgegechniquaesembleshe
dial of a clock. Time startsat a vertical locationthat corresponds
to 12 o'clock on the dial of a clock. A clockwisedistribution of
datacorrespondso time maoving forward. The planningpolygon
is partitionedinto radial sectorsequalto the numberof yearsover
which the populationis projected Eachsectorrepresentthevalue
of thepopulationfor a particularyearin therange.

Figure 4: Rings: The high school population is mapped to the bright-
nessof the planning polygons. Each planning polygon is divided into
three rings corresponding to the years 2005, 2006 and 2007 increas-
ing radially outwards. The changing levels of brightness indicate
increasing or decreasingpopulation.

Figure 3 illustratesthe time wedgesapproach. Eachplanning
polygonis divided into threewedgescorrespondingo the years
2005,2006,and2007. The saturatiornof eachsectorof eachplan-
ning polygonis determinedby the populationof the high school
studentsn thatyear The moresaturatedhe wedge the higherthe
populationin thatyearfor thatpolygon.Certainplanningpolygons
in Figure3, suchasthe onemarkedby theyellow box, shav anin-
creasen thepopulation;conversely theplanningpolygonindicated
by the greenbox shavs a decreasén population. Thoseplanning
polygonswith no changesn thepopulationhave uniform colorand
do notshow differentwedgedistinctly.

5.2 Rings

Weberet al. [13] proposethe useof spiralswith varying attributes
suchascolor, texture, line styles,thicknessandiconsto visualize
trendsandcyclesin time-serieslataasopposedo theclassicabar

chartandline graphapproachesMulti-spirals (inter-twined spiral
graphs)canbeusedto compareandcontrasimultiple datasetsin a
singleview. Using a similar conceptandbuilding on analogiesof
time, atree-ringvisualizationis similar to theannulamings present
onatreetrunk. As with tree-ringstheinnermostring corresponds
to the earliestpoint in time; the outermosting correspondso the
latestpointin time. By arrangingdataasconcentricobjectsin the
shapeof theplanningpolygon,we canrepresenannulardataonthe
planningpolygon. The numberof ringsis equalto the numberof
yearsover which the populationis projected. While the notion of
time is clockwise(or counterclockwise)in the wedgegechnique,
it is radialin theringstechnique.

In Figure4, eachplanningpolygonis dividedinto annularrings
basedon the numberof projectedyearsof population. The bright-
nessof therings variesaccordingto the populationof high school
studentsn thecorrespondingearfor thatpolygon. Time advances
radially outwards,impartingadditionalattentionto the outerrings,
which arethe latestyearsof the projection. If therings have radi-
ally outward increasingbrightnessthe populationin the planning
polygonis increasingover the years,asshovn by the yellow box
in Figure4. By contrast,if the brightnessdecreasesadially, the
populationof the planningpolygonis decreasingasshavn for the
polygonshighlightedby the greenboxin Figure4.

5.3 Slices

On alinearaxis, time is usuallythoughtof asmoving from left to
right. Using this linear interpretationof time on a horizontalaxis,
the time slice techniquedivides a planning polygoninto vertical
slices,wherethe slice to the extremeleft correspondgo the rst

year andthe oneto the extremeright correspondso the lastyear
of the active yearrange. The numberof time slicesvariesaccord-
ing to the numberof yearsover which the populationis projected.
For eachplanningpolygondividedinto time slices,eachslice cor-

respondso thepopulationof studentsn thatyearfor thatparticular

polygon.

Figure 5: Individual Time Slices: The high school population is
mapped to the saturation of the planning polygons. Each planning
polygon is divided into three vertical slices,corresponding to the years
2005, 2006, and 2007 in linear order from left to right. The changing
levels of saturation indicate increasing or decreasingpopulation.

In Figure5, thelinearrepresentatioof time is displayedacross
theplanningpolygons.Eachplanningpolygonis dividedinto three
time slices, representingstudentpopulationin the year of 2005,
2006,and 2007 respectiely. While the notion of time is circular
in caseof wedgegFigure 3) andradialfor tree-rings(Figure 4),
it is linear alongthe positive x-axisin time slices. Notice how the
polygonmarked by the yellow box shavs anincreasen the popu-
lation, while the planningpolygonmarked by the greenbox shavs



adecreasén populationby theyear2007.

Figure 6: Repeating Time Slices: The high school population is
mapped to the brightness of the planning polygons. The repeating
sub-set of time sliceshas three vertical slices, each corresponding to
the years 2005, 2006, and 2007 in linear order from left to right. The
sub-pattern of time-slices may repeat in a single planning polygon
but identi cation acrossplanning polygonsis easierthan in Figure 5.
Observehow the changing levelsof brightness indicate an increasing
or decreasingpopulation.

Becausehe sizesof the polygonsvary, the slicesin one poly-
gonmay not coincidewith thosein its neighboringpolygons.This
may leadto a skew in the slicesmakingcomparisongcrosspoly-
gonsdif cult. To overcomethisanomalywe divide thewholemap
into slicescomprisingof arepeatingpatternof smallersetof slices.
The repeatingpatternhasa numberof slicesequalto the number
of yearsover which the populationis projected.As the slicestra-
versedifferentplanningpolygonsthevisualcharacteristicarevar
iedaccordingo theyearandthepopulationof theplanningpolygon
they correspondo. To facilitatetheidenti cation of repeatingsub-
patternsof time slices,a marker stripeis introducedbetweentwo
repeatingsub-patternsThe changesn populationacrossplanning
polygonsareeasilyidenti ed usingthe marker to identify the start
of asub-pattermndlooking down thelengthof thestripes.Figure6
illustratestherepeatingime slicestechnique As oneglanceslong
the lengthof atime slice, one obseresthe changein the popula-
tion betweerthe neighboringplanningpolygonsfor the particular
year Within a planningpolygon,onenoticesarepeatingsub-sebf
time slicesdemarcatedby the marler slice, that correspondo the
differentyearsover which the populationis projected.

5.4 Discussionof Temporal Techniques

Eachof the threetechniquepresentedn this paperpartitionsthe
planningpolygondifferently using differentinterpretationof ad-
vancingtime. Eachtechniquehasits own advantageslependingn
the natureof the taskat hand. If the populationfor every yearis
to be perceved, the planningpolygonscan be divided into equal
sectorssimilar to a pie-chartas representedn the wedgestech-
nigue.Eachsectorhasequalemphasisndthevisualappearancef
eachsectorcorveys the populationof the correspondingear The
wedgesechniqueprovidesastructurectlockwiserepresentationf
changdn datavalues.

A monotonicincreaseor decreaseén datavaluescan be easily
identi ed whenthe datais representeds a linear sequence.To
perceve the patternof changein populationby year time slices

aremostsuitablesincethey provide alinearrepresentatioof time.
As opposedo identifying an individual datavalue for a year or
understandingrends,annularrings provide emphasison morere-
centyearsascomparedo earlieryearsin the visualization.When
therecentyearsareto be obseredin greaterdetail, the tree-rings
techniqueappeardo provide a more corvenientrepresentatioms
comparedo wedgesor slices.

Thus,dependingnthe natureof thetask,the perceptiorof time
differsandthethreekindsof temporalvisualizationtechniquepro-
vide variousvisualizationpossibilities.Sincethe boundarie®f the
planningpolygonsneedto bemaintainedconsolidatingheappear
anceof wedgesor time slicesto view the planningpolygon may
sometimededif cult. In suchcasestheringstechniquearesbet-
terthanthe othertwo techniquesinceit doesa betterjob in main-
tainingthe boundarylines of the planningpolygons.

Wedgestreeringsandtime sliceshave a limitation onthe num-
berof time periodsthey caneffectively display Sincethe planning
polygonsmaydiffer in sizeandextent,temporaldisplaysin smaller
planningpolygonsmay be dif cult to view. A basiczoomingand
panningfunctionality canprovide a betterview into dif cult to see
temporaldisplayson smallerplanningpolygons.

6 SCENARIOS

Target areasto be partitionedcan be divided into a map of dis-
cretizedcells. Datacontainedin eachcell providesadditionalin-
formationthatcanbeusedto createbetterpartitionsandto evaluate
the proposedpartitions. We refer to the map cells that containa
resourceascentoidal cells. Spatialpartitioninginvolvesassigning
eachnon-centroidamapcell to oneof the centroidalcells. School
redistrictinginvolvescreatingboundanfinesthatdeterminenhich
schooleachstudentin a schoolsystemwill attend. To partition
theregion, eachstudentin the schooldistrict mustbe assignedo a
homeschoolin a way that optimizesfacility usage transportation
costs,andschooldiversity, while causingaslittle disruptionto the
currentboundarylinesaspossible.

Figure 7: Making a high school assignmentplan

The applicationthatimplementsthe visualizationsdescribedn
this paperhasbeenimplementedn Java using Jasa Bindings for
OpenGL(JOGL).Theuserinterfaceis designedisingJava Swing.
Supportfor reading.shp, .shx and .dbf les is provided by the
Geotoolslibrary. As seenin Figure 7, the user interface pro-
videsinteractive tools to selecta schoolusingthe drop-davn list
of schoolsin the left bar Using the “Add to plan” and “Remove
from plan” button, the usercanclick on a planningpolygonand



Figure 8: High School Assignments: The planning polygons are as-
signed to the geographically closest high school. The hue of the
planning polygonsis matched with the schools that they are assigned
to, while the occupied percent capacity is mapped to the pie chart
icons that represent the schools. The black sectars indicate vacant
capacity as a percentage. The outlined schools have exceededtheir
target capacity proportional to the size of their glyphs.

assignthe active schoolto the speci ed planningpolygon. In Fig-
ure 7, the brightnesof the planningpolygonsis variedaccording
to the high schoolstudentpopulationandthe numberof children
requiringFARM assistancés displayedasa dot densitytexture on
theplanningpolygons.The schooliconshave auniquehueandare
representedspie chartsthatindicatetheir percenutilization. Fig-
ure 7 is zoomedto shov GlenelgHS, River Hill HS, Wilde Lake
HS andCentenniaHS. Along with differencesn brightnesssome
planningpolygonsuseconcentricrings with varying brightnesgo
shawv thetemporalvariationin high schoolstudentpopulationover
theyears2005,2006and2007to assistin planning. Thetool also
providesthe ability to probe,retrieve anddisplaythe numericdata
in eachpolygon, region or schoolon the informationwindow for
furtheranalysis.

6.1 Evaluating a solution

An intuitive solutionis to sendthestudent®f aneighborhoodo the
schoolwhich is closestto them (Figure8). Assigningthe closest
schoolto a planningpolygon cancauseunderutilization of some
schoolsandover-utilization of others. Eachschoolregion is iden-
tied by ahuethatcorrespondso the hueof the school. Schools,
representedspie charticons,indicatetheir percentageaitilization.
Schoolsthat exceedtheir target capacity are redundantlyshovn
with thick outlinesand their sizesare proportionally larger than
thosethat are within capacity In Figure8, HammondHS (2314
students),Long ReachHS (1790 students)and Mt. HebronHS
(1777studentshave exceededheir targetcapacitywhile Marriotts
Ridgeis usinglessthanhalf of its targetcapacity It is clearthatge-
ographicajproximity to theschoolis notanidealandonly criterion
to choosea schoolfor a neighborhood.

Criteriafor evaluationincludetransportatiortosts percentagef
thetargetcapacityreachedaveragetestscoresandaverageFARM
ratiosthatcanbe visually representedn the planningpolygonsto
assisthe evaluationprocessTheplanfor theacademigear2004-
05is shawvn in Figure9. The averagetestscoresof the attendance
areasare mappedo the brightnesssaturationvariesaccordingto
thepercentapacityandtotal FARM ratiois representetly dotden-
sity ontheattendancarea.Varyingsizeandslicesof thepie charts,
asschoolicons,shav maximumoccupang andpercentutilization.

Outlined schoolicons redundantlyindicate schoolsthat have ex-
ceededheir target capacity In Figure9, obsene thatthe average
scoresseento beuniformin mostattendancareasexceptCenten-
nial HS, which seemgo have a high averagetestscoreandthatthe
attendancareafor Wilde Lake HS hasa higherFARM ratio than
the otherschools. CentenniaHS (1650 students) HammondHS
(1439students)Mt. HebronHS (1544 students)and Wilde Lake
HS (1567studentshave exceededheir targetcapacityof 1332stu-
dentsshawvn by thelarger, outlinedschoolicons.A combinationof
multi-attribute mappingtechniquesringsout the variousfeatures
of aplan.

6.2 Comparing multiple solutions

Multiple solutionsto the partitioning problemmustbe compared
and contrastedo identify the bestsolutionfrom the available set.
Oneway to compareplansis to look at imagesof differentplans
in differentwindows andlet the humanvisual systempick out the
differencesn them. An alternatve approachis to displaymultiple
plansin the sameview. Viewing multiple solutionsnext to each
othermalesit dif cult to remembenetailsoutsidethefocusof at-
tention, especiallywhenonereorientsone’s gazeon a new scene
or looks away andback again at the samesceneg[9]. If thereare
visual mappingsof the plan attributes, or if thereare more than
two plansto comparethe procesof comparisorbecomegedious
for the humanvisual system.Hence comparatie visualizationsn
a singleview helpin identifying the differencedn the views at a
glance. We extend our temporalvisualizationtechniquego rep-
resentnon-temporablata,suchas multiple solutionsof a resource
allocationproblem, by partitioning the spatialextent of planning
polygonsby the solutionthey represeninsteadof time. The par
titions arecreatedn the orderin which the solutionsareaddedto
the displayframe. During the planningfor the year2005-06,with
theintroductionof the new high school(Marriotts RidgeHS), two
plansunderconsideratiorwerethe GreenPlan (Figure11(a))and
theRedplan(Figure11(b)).

6.2.1 CurrentSchoolPlanvs. ClosestSchoolPlanvs. GreenPlan

Figure 10 compareghreeplansaginsteachother Theinnermost
ring correspondso the planfor academig/ear2004-05(Figure9),
thering in the middle correspondso the closesthigh schoolplan
(Figure 8), andthe outermostring correspondso the Greenplan
(Figure11(a)). The averageMSA testscoresfor eachattendance
areais mappedo the brightnesf the planningpolygons the per
centutilization of the schoolsis mappedo the saturation Brighter
rings have higheraveragetestscoreswhile highly saturatedings
have morestudentsenrolledin theschool.

Obseretheattendancareaof Mt. HebronHS in Figure10. Mt.
HebronHS currently hasexceededts tamget capacityby 16%. In
the closestschoolplan, the utilization of Mt. HebronHS increases
furtherto reach133%of thetargetcapacity The Greenplan, how-
ever, reduceghe utilization to 80% of the expectedtamgetcapacity
Similarly, Long ReachHS, which hasjust 97% of its targetcapac-
ity utilizedin the currentacademig/ear exceedsts targetcapacity
by 34%in the closestschoolplan. On the otherhand,Wilde Lake
HS shawvs a decreasén its utilization in the closestschoolplanto
89% while both the Greenplan andthe Currentplanhave 17%in
excessof their tamget capacity Of the threeplans,the Greenplan
appearso have betterutilization statisticsandemegesasthe best
of thethreeplans.

6.2.2 CurrentPlanvs. GreenPlanvs. RedPlan

Figurel2 evaluateshow thecurrentplanfaresagainstthetwo plans
currentlyunderconsideratiorby the HCPSS Eachplanningpoly-
gonis divided into threevertical slices,correspondingo eachof



Figure 9: Evaluation of Current Plan for Academic Year 2004-05: High School assignmentsare indicated by matching the hue of the polygons
to the schools they are assignedto. The averagetest scaes of each school region is mapped to the brightness of the region, saturation is
varied according to the percent capacity while the total FARM ratio is indicated by the dot density in the region. Schools are represented as
color-mapped pie charts where the black sectars indicate vacant seats. Schools exceedingtheir capacities are marked by thicker outlines.

Figure 10: Comparing three plans|Current (innermost ring) vs. Closest(middle ring) vs. Greenplan (outermost ring): School assignmentsare
shown by matching the hue to the school icons. Average MSA test scares are represented by varying the brightness of the school attendance

region. The percentage utilization of each school is mapped to the saturation of its attendance area.



the threeplansfrom left to right. The hue of the planningpoly-
gonsis matchedo that of their assignedschool. In Figure12, the
transportatiorcostsis mappedo thesaturatiorof eachsliceandthe
percentutilization are mappedto its brightness.In the attendance
areafor Mt. HebronHS, theleft, middle andright slicesrepresent
theCurrentplan,the Greenplanandthe Redplanrespectiely. The
brightnessf the slice correspondingo the Currentplanis highest
amonghethreeslices,indicatingthatMt. Hebronwasover-utilized
(115%). Both the Greenandthe Redplanreduceits utilization to
80% and84% respectiely indicatedby their dimmerslices.In the
attendancareafor HowardHS, boththe GreenandRedplansfare
equallywell atreducingutilization andincreasingestscorescom-
paredto the Currentplan. Eachof the threeavailable solutionsto
the redistrictingof the Howard County Public School Systemhas
its own prosandcons.Comparatie visualizationof thethreeplans
canidentify theminutedifferencesn them,helpingin their evalua-
tion andanalysis.With someminor modi cations,HCPSSdecided
to putthe Greenplaninto practicefor the schoolyear2005-2006.

(a) GreenPlan (b) RedPlan

Figure 11: Comparing plans in sepaate views

7 CONCLUSION

Thetechniquegpresentedn our paper- wedgesyingsandslices-
helpin visualizingtemporalkchangesn spatialdatawhile maintain-
ing the spatialboundarie®f themap.Usinga combinationof such
temporaltechniquesvith multi-attribute visualmappingscompar
ative visualizationshelpin evaluatingdifferentsolutionsin asingle
view, allowing for easycomparison.

Figure 12: Original (leftmost slice) vs. Green (middle slice) vs. Red
(rightmost slice) : Individual Time Slices. Transportation costs are
mapped to saturation and percent utilization is mappedto brightness.

8 FUTURE WORK

In additionto representinghetemporalchangen spatialdata,tem-
poralcharacteristicef the plancouldalsobe evaluated Aggregat-
ing the attendanceareasof eachschoolinto an attendanceegion
and applying temporalvisualizationtechniqueson theseregions
could help in extrapolatingthe behaior of a plan over time. In-
tegrationof learningtechniquesandoptimizationmethodso parti-
tion the dataandvisualizationmethodsto evaluatesuchpartitions
could provide aninterestingsolutionfor resourceallocationprob-
lem.
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