
Temporal Visualization of Planning Polygons for E�cient Partitioning of
Geo-Spatial Data

PoonamShanbhag�

University of Maryland, Baltimore County

PennyRheingans†

University of Maryland, Baltimore County

Marie desJardins‡

University of Maryland, Baltimore County

ABSTRACT

Partitioningof geo-spatialdatafor ef�cient allocationof resources
suchasschoolsandemergency healthcareservicesis drivenby a
needto provide betterandmoreeffective services.Partitioningof
spatialdatais a complex processthat dependson numerousfac-
torssuchaspopulation,costsincurredin deploying or utilizing re-
sourcesandtargetcapacityof a resource.Moreover, complex data
suchaspopulationdistributionsaredynamici.e. they maychange
over time. Simple animationmay not effectively show temporal
changesin spatialdata. We proposethe useof threetemporalvi-
sualizationtechniques- wedges,rings andtime slices- to display
thenatureof changein temporaldatain a singleview. Along with
maximizing resourceutilization andminimizing utilization costs,
a partition shouldalso ensurethe long-termeffectivenessof the
plan. We usemulti-attribute visualizationtechniquesto highlight
thestrengthsandidentify theweaknessesof a partition. Compara-
tive visualizationtechniquesallow multiple partitionsto beviewed
simultaneously. Userscanmake informeddecisionsabouthow to
partitiongeo-spatialdataby usinga combinationof our techniques
for multi-attribute visualization,temporalvisualizationand com-
parativevisualization.

CR Categories: I.3.6 [MethodologyandTechniques]:Interaction
techniquesI.3.8 [Applications]

Keywords: Temporalvisualization, time-dependentattributes,
spatialdata,multi-attributevisualization,resourceallocation

1 I NTRODUCTI ON

Spatialdatasuchasthepopulationof a countymaybedistributed
unevenly acrossneighborhoods.Resourcessuchasschoolsor �re
stations,on the otherhand,are limited in their locations,service
areas,resourcesandcapacities.Optimally distributing sucha lim-
ited set of resourcesacrossa spatial region is known as the re-
sourceallocationor partitioningproblem. The location-allocation
problem[6] is different from the resourceallocationproblem. A
location-allocationproblemconsistsof two parts—whereto locate
the new resourcesandwhich areaswill the new resourcesservice
in orderto improve resourceutilization. Schoolboundaryline ad-
justment,political redistricting,identifyingemergency responsere-
gions (e.g. deploying �re stations)and urbanplanningand zon-
ing are examplesof real-world resourceallocationproblemsthat
maybene�t from exploratorydataanalysistools. In this paper, we
presentvisualizationtechniquesfor dataanalaysisthat will aid in
spatialpartitioningto solve the resourceallocationproblem. Our
goal is not to generatesolutionsto theresourceallocationproblem
but to assista userin making intelligent andwell-informeddeci-
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sionsin theprocessof partitioningby creatingeffective visualiza-
tionsof known dataandproposedplans.

Spatialdataand it' s temporalcharacteristicsneedto be well-
understoodin orderto generateoptimalpartitionsandto minimize
the needfor frequentrepartitioning. Visual representationsof the
dataandthe changeit undergoesprovide a betterinsight into the
characteristicsof thedata.Thevisualizationtoolsfor time-varying
data that we presentin this paperassistin decision-makingand
complementthe complex processof spatialpartitioning. In addi-
tion, if onecould evaluateasoneplansandmonitor the changea
particularassignmentcausesto thescenario,onecandynamically
adaptpartitioningdecisions.Adaptive decisionscanbe facilitated
by displayinginformationabouttheeffectsthatallocationor tem-
poral changesin datavaluesmaycauseto long-termeffectiveness
of thepartition. Resourceallocationmayhave multiple acceptable
scenariosand,moreoften thannot, thereis no bestsolutionto the
problem. Comparingmultiple plansallows the usersto choosea
solutionwith thebestbalanceof resourcesandutilizationwith eval-
uationcriteria suchasequitableallocationof resourcesacrossthe
county. Evaluatingthe long-termeffectivenessof the solutionbe-
fore it is put into practicecanminimizefrequentrepartitioning.

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

We presentvisualizationtechniquesfor multi-variatedataand
time-varyinggeo-spatialdata.Orthogonalvisualcuessuchashue,
saturation,andbrightnessareusedto displayup to threeindepen-
dentdatavariables.Additionaldataattributesarerepresentedusing
visual cuessuchasdensityto convey numerousness.Although it
is possibleto displaytime-varyingdatausingtraditionalanimation,
theusermayoftenfail to noticesimultaneoussmallandlocal tem-
poralchangesin datadueto inattentionalblindness[5] andchange
blindness[8]. Therefore,we aim to visualizetemporalchangesin
a single,staticandprintableview. An image,beingmoregeneral,
canbeprintedoutliketext to beobservedandanalyzed.Wepresent
threetechniquesinspiredfrom real-lifetemporalobjects(treerings,



the dial of a clock, and left-to-right time slices) to visualizethe
changingpatternsof populationdata.Our techniqueselaborateon
humancognitionto representtemporalchangesin data.We extend
ourtemporalvisualizationtechniquesfor comparativevisualization
of multiplesolutions.

2 REPARTI TI ONI NG A SCHOOL DI STRI CT

We visualizereal populationdatafrom the Howard CountyPub-
lic SchoolSystem(HCPSS)in Marylandwhich has38 elementary
schools,19 middle schoolsand 11 high schools(Figure 1). For
planningpurposes,the county is divided into 260 neighborhoods
or planningpolygonswith multiple associatedattributeswith them
suchasstudentpopulationby grade,numberof studentsrequiring
free andreducedmeals(FARM), distancesfrom the schools,test
scores,andplannedhousingby type. Every typeof plannedhous-
ing hasan associatedper houseconstantfactor that indicatesthe
averagenumberof studentseachunit is expectedto house.Thepre-
dictedpopulationgrowth is modeledasa sumof thecontributions
thatthesenew developmentsmake towardsthestudentpopulation.
To meetthegrowing highschoolstudentpopulation,theHCPSSis
introducinganew highschool(thetwelfth school),MarriottsRidge
High School,in theacademicyear2005-06with acapacityof 1332
students.HCPSShasa tool for what-if analysisto look at the ef-
fectsof reassigningneighborhoodsbasedoncapacities,FARM, and
the feedersystem(studentsmoving from elementaryto middle to
high schoolswith a cohortof otherstudents).However, this tool
hasno mapinterfaceanddoesnot considerpopulationprojections.
Thelackof amapinterfacemakesvisualinterpretationof distances
dif�cult. Likewise, the lack of populationprojectionsrequiresthe
userto have aninsightinto demographicchangesacrosstheneigh-
borhoodswhile reassigningthem,makingredistrictinga mentally
fatiguingprocess.

School attendanceareasare redistricted by partitioning the
neighborhoodsof a countyinto regions.Eachneighborhood(plan-
ning polygon)belongsto exactly oneschoolregion at eachlevel
(elementary, middle andhigh schoollevel). A schoolassignment
(partition) canbe generatedin numerousways to createmultiple
alternative schooldistrict plans.Partitioningof a schooldistrict is
primarily in�uencedby thetargetenrollmentof theschools,aneed
to accommodatethein�ux of new students,andthegoalof ef�cient
useof resources.Eachpolygonis assignedto a schoolusingcrite-
ria suchasproximity (shown by a mapof theplanningpolygons),
currentlyavailableseatsin theschool,andstudentpopulationin the
planningpolygon(shown by multiple spreadsheets).Redistricting
is especiallydif�cult if changesin populationdensitiesarealsoto
be consideredwhengeneratinga plan. Suchdecisionscannotbe
madeonly by consideringa staticview of the populationandthe
schools'target capacities.A plan that may meettarget schoolca-
pacitiesthis yearmay leadto underutilizedschoolsin oneregion
andoverutilizedschoolsin otherregionsasnew housingdevelop-
mentsarebuilt. Thesechangesshouldbeanticipatedwhenpossible
andtakeninto accountduringtheredistrictingprocessto minimize
theneedfor futureredistricting.

The problemof partitioning the neighborhoodsof a county to
make schoolassignmentswhen assistedwith visualizationtech-
niques can be sub-divided into the tasks of analyzing multi-
attribute data,understandingthe temporalchangein them,evalu-
atingchoices,andcomparingmultiplesolutionsto choosethemost
optimalone.In thispaper, wepresentmulti-attributemappingtech-
niquesfor analyzingmulti-attributepolygondata,temporalvisual-
ization techniquesto representchangein time-varyingdata,anda
combinationof thesetechniquesto comparedifferentscenariosin
asingleview to addresseachof thesetasks.

3 REL ATED WORK

Geo-spatialdatasets,while oftenunstructured,typically have size,
distances,directions, locationsand altitudesgiving them an in-
herentpositionalstructureandshape[4]. Maintainingthe spatial
boundariesof suchspatialobjects(neighborhoods)imposesstruc-
tural andpositionalconstraintson thechoiceof visualizationtech-
niques.Thedataassociatedwith spatialobjectscanalsobemulti-
variate.Visualizingsuchmulti-variatespatialobjectsis achalleng-
ing task.

Time-varyinggeo-spatialdatavolumesareoftensolargeandin-
teractionsamongstthemso complex, that it is dif�cult for people
to understandhow thedatachangesover time whenindividual im-
agesareviewed in isolation. Therefore,to show both spatialand
temporalaspectsof data, specialvisual methodsare requiredto
uncover importantpatternsandrelationships.Changesin spatio-
temporaldatamay be existential changes(suchasappearanceor
disappearanceof characteristics),spatialchanges(suchaschanges
in shape,positionandorientation)andattribute changes(suchas
changesin non-spatialcharacteristicsof spatial objects)[1]. In
this paper, we dealwith attributechangesin spatio-temporaldata.
Trajectory-basedtechniques,proposedby Skupinet al. [10], rep-
resentchangein theattributeasmovementof theobjectsacrossa
two-dimensionalSelf OrganizingMap (SOM) surface.Patternsof
developmentarevisibleaftercomputationalchangesto thedatathat
distort their spatiallocations. Our application,by contrast,needs
thespatiallocationsof thedatato bepreserved.

Slocumet al. [11] suggestthat spatio-temporaldataassociated
with point locationscanbedisplayedusinganimation,smallmul-
tiples,or changemapsasshown in their tool MapTime. However,
asmentionedby Andrienko et al. [1], animationis oftennot effec-
tive for analyzingchangein attribute valuesdue to the effectsof
changeblindness[8]. Skupinetal. arguethattheneedfor temporal
visualizationmethodsfor censusdatacannotbe ful�lled by using
multiple mapsplacedside-by-sideor by usingpercentagechange
maps.Owing to thelargesizeof censusdata,it is imperative to not
leave the taskof identifying changefor visual detectionsolely to
thehumanuser.

CommonGIS[1] offers multiple techniquesfor visualization
wherea coherentdisplayof multiple maps,alsousedin MapTime
by Slocumet al. [11], is usedto compareseveral scenarios. In
addition,CommonGISalsoprovideschoroplethmaps,time maps
andtime aggregatorsto visualizespatio-temporaldata. However,
with theexceptionof thechoroplethmaps,mostof the techniques
provided in CommonGISrepresentdatausinggraphs,time-series
charts,histogramsandscatterplots. We aim to visualizeinforma-
tion on the map while maintainingthe spatialboundariesof the
planningpolygons,since they aid the user in understandingthe
data.

4 V I SUAL M APPI NG OF M ULTI PL E ATTRI BUTES

Attributedatais associatedwith neighborhoodsaswell asschools.
Each neighborhoodcan be consideredas a unit of information
having multiple attributes. Similarly, eachschool has informa-
tion aboutits target enrollment,costof busingstudents,academic
performance,the percentageof studentsqualifying for free and
reducedmealsand socio-economicdistribution underthe current
schoolassignments.This informationcanbedisplayedto assistthe
userin choosingthebestpossibleassignmentof a polygonduring
theredistrictingprocess.

4.1 Visual Parameters

Visual parameterssuchashue,saturation,brightnessandopacity
canbeindependentlymappedto numericdatato representthevari-



ationin datavaluesin avisualization.In Figure2, thesaturationof
the polygonsis variedaccordingto averageMarylandSchoolAs-
sessment(MSA) testscores;brightnesscorrespondsto high school
studentpopulation. Brighter neighborhoodshave a higher popu-
lation of high schoolchildren than darker neighborhoods,while
highly saturatedneighborhoodshave higheraverageson theMSA
teststhan lesssaturatedneighborhoods.In Figure 2, notice how
largerneighborhoodson thenorth-westernsideof HowardCounty
have fewer high schoolstudentswhile the smallerneighborhoods
in thecentralregionhave largerhighschoolstudentpopulations.

Although hue,saturationandbrightnesscanconceptuallymap
up to threedataparametersindependently, theresultof thecombi-
nationof theseparametersmakesvisualidenti�cation of individual
datavaluesdif�cult. Variationsin saturationcanbeusedto repre-
sentordereddata,but mostpeoplecannotaccuratelycomparesat-
urationlevels,especiallyacrosshues[2]. Saturationandlightness
arecloselyrelatedwheresaturationscalemayalsocontaina wide
rangeof brightnesses,making it dif�cult to control the look of a
color schemein asystematicmanner.

Figure 2: Multi-A ttribute Mapping of Howard County. Saturation
of the polygons is varied according to the averageMaryland School
Assessment(MSA) test scores 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

Visualparameterssuchassizeanddensityof symbols[7] canalso
be usedto overlay informationon the visualization.Althoughwe
areunableto modify thesizeandshapeof theplanningpolygonsin
our dataset,we canusesymbolsto displaydata.For example,the
numberof studentspresentin a schooldistrict canbe represented
by showing eachstudentor groupof studentsasa dot within the
neighborhood.Using this representation,a denselydottedneigh-
borhoodhasmorestudentsthana sparselydottedone. Using dot
densitymaps,wheresingle dataor a collection of datais repre-
sentedasa singledot,we canoverlayanothernumericattributeon
theplanningpolygons.

In Figure2, eachof thedotsin theplanningpolygonsrepresents
� ve childrenresidingin that polygonwho needfree andreduced
meals.Theplanningpolygonsin centralregion of HowardCounty
(enlargedin Figure2) areseento havehigherFARM ratiosthanthe
otherplanningpolygons.Althoughthedotdensitydisplaydoesnot
occludetheunderlyingimageaslongasthedotsizeanddotdensity
is low, it canpotentiallycauseclutteringin theimage.

4.3 Perceptionof Color and It' sEffectson Visual Mappings

Thethreecomponentsof color—hue,saturationandbrightness(or
perceivedlightness)—whenusedsimultaneouslyin avisualization,
canleadto perceptualanomaliesaffectingappearance.Dueto the
Helmholtz-Kohlrauscheffect [14], certainhueswith moresatura-
tion (e.g.red,blue)or thosewith low saturation(e.gwhite,yellow)
whenequatedin brightnesswhile beingusedin visual mappings,
can leadto falseperceptionsof the datathat they represent.An-
otheraspectof huelies in just noticeabledifferences,wheresome
hueshave moreperceptiblecolor gradationsthanothers. In par-
ticular, color discriminationsaremuchmoreacutefor warm hues
than for greenhues. As a result, changesin lightnessor satura-
tion of greenhuesareharderto differentiate.Anotherphenomenon
affecting the perceptionof huesrelatedto changesin intensity is
theBezold-Brucke HueShift, wherecolor sampleswill look more
reddishor greenishat lower brightnesslevels,andmoreblueishor
yellowishathigherbrightnesslevels[3].

The rangeof colors we can see,and our judgmentsof color
differencesand similarities, dependon the color materials,color
variety, contrastbackgroundsandsurroundlighting that generate
the color perceptions[12]. Due to variationsin the perceptionof
colorandcolorappearances,amulti-dimensionalmappingof three
dataparametersto hue,saturationandbrightnessmay not be per-
ceivedcorrectly. Usingthemulti-dimensionalnatureof color sym-
bolization,upto threedatavariablescanbevisuallyrepresented[2].
Thechoiceof thevisualparameterto which a datavariablewill be
mappeddependson thenatureof thedatato berepresented.Nom-
inal datavalues,suchashigh schoolsthat needto be individually
identi�ed, canbemappedto huegiving eachhigh schoola unique
hue. Quantitative datavaluesneedto bemappedto monotonically
increasingor decreasingvisual parameterssuchas the saturation
or thebrightnesscomponentof color. Dataparametersthat repre-
sentdensityor thosethat canbe aggregatedinto a symbolcanbe
mappedusingthedotdensityapproach.

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 TEM PORAL DI SPL AY OF TI M E-VARYI NG ATTRI BUTES

Temporalvisualizationof thechangesin thestudentpopulationin
eachgradecan assistthe user in planningschoolregions (atten-
danceareas)accordingto their long-termimpacton theenrollment
of theschool.Knowledgeof temporalinformationat theplanning
stagecanbe usedto make betterplans. Animation is commonly



usedto displaytemporallyvarying data,but this approachcanin-
troduceinattentionalblindness[5]. While performinganattention-
demandingtask,onecanbe “blind” to otherfeaturesin the scene
that would be salientif onewere just “looking” at the sceneand
not trying to completethetask.Moreover, merelyrepresentingthe
changein thedataratherthantheactualdatavaluesfor every year
doesnot convey thetrend,with theresultthat largechangesin the
datamaygounnoticed.To displayyearlydataandshow achanging
patternwithout theuseof animation,wepresentthreetechniquesto
visualizetemporalchangesin thepopulationof aplanningpolygon.

5.1 Wedges

The daily experienceof observingthe dial of a clock to perceive
timehasconditionedourcognitivesystemto visualizingclockwise
(or counter-clockwise) motion as advancing (or receding)time.
Drawing uponthisexperience,thewedgestechniqueresemblesthe
dial of a clock. Time startsat a vertical locationthat corresponds
to 12 o'clock on the dial of a clock. A clockwisedistribution of
datacorrespondsto time moving forward. The planningpolygon
is partitionedinto radialsectorsequalto thenumberof yearsover
which thepopulationis projected.Eachsectorrepresentsthevalue
of thepopulationfor aparticularyearin 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
polygon is divided into threewedgescorrespondingto the years
2005,2006,and2007. Thesaturationof eachsectorof eachplan-
ning polygon is determinedby the populationof the high school
studentsin thatyear. Themoresaturatedthewedge,thehigherthe
populationin thatyearfor thatpolygon.Certainplanningpolygons
in Figure3, suchastheonemarkedby theyellow box,show anin-
creasein thepopulation;conversely, theplanningpolygonindicated
by thegreenbox shows a decreasein population.Thoseplanning
polygonswith nochangesin thepopulationhaveuniformcolorand
donotshow differentwedgesdistinctly.

5.2 Rings

Weberet al. [13] proposetheuseof spiralswith varyingattributes
suchascolor, texture, line styles,thicknessandiconsto visualize
trendsandcyclesin time-seriesdataasopposedto theclassicalbar

chartandline graphapproaches.Multi-spirals (inter-twinedspiral
graphs)canbeusedto compareandcontrastmultiple datasetsin a
singleview. Usinga similar conceptandbuilding on analogiesof
time,a tree-ringvisualizationis similar to theannularringspresent
on a treetrunk. As with tree-rings,theinnermostring corresponds
to theearliestpoint in time; theoutermostring correspondsto the
latestpoint in time. By arrangingdataasconcentricobjectsin the
shapeof theplanningpolygon,wecanrepresentannulardataonthe
planningpolygon. The numberof rings is equalto the numberof
yearsover which the populationis projected.While the notionof
time is clockwise(or counter-clockwise)in thewedgestechnique,
it is radialin theringstechnique.

In Figure4, eachplanningpolygonis dividedinto annularrings
basedon thenumberof projectedyearsof population.Thebright-
nessof theringsvariesaccordingto thepopulationof high school
studentsin thecorrespondingyearfor thatpolygon.Timeadvances
radially outwards,impartingadditionalattentionto theouterrings,
which arethe latestyearsof theprojection. If the ringshave radi-
ally outward increasingbrightness,the populationin the planning
polygonis increasingover the years,asshown by the yellow box
in Figure4. By contrast,if the brightnessdecreasesradially, the
populationof theplanningpolygonis decreasing,asshown for the
polygonshighlightedby thegreenbox in Figure4.

5.3 Slices

On a linearaxis, time is usuallythoughtof asmoving from left to
right. Using this linear interpretationof time on a horizontalaxis,
the time slice techniquedivides a planningpolygon into vertical
slices,wherethe slice to the extremeleft correspondsto the �rst
year, andtheoneto theextremeright correspondsto the last year
of theactive yearrange.Thenumberof time slicesvariesaccord-
ing to thenumberof yearsover which thepopulationis projected.
For eachplanningpolygondividedinto time slices,eachslicecor-
respondsto thepopulationof studentsin 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, thelinearrepresentationof time is displayedacross
theplanningpolygons.Eachplanningpolygonis dividedinto three
time slices, representingstudentpopulationin the year of 2005,
2006,and2007respectively. While the notion of time is circular
in caseof wedges(Figure 3) andradial for tree-rings(Figure 4),
it is linearalongthepositive x-axis in time slices.Noticehow the
polygonmarkedby theyellow box shows anincreasein thepopu-
lation,while theplanningpolygonmarkedby thegreenbox shows



adecreasein 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 polygons is easierthan in Figure 5.
Observehow the changing levelsof brightness indicate an increasing
or decreasingpopulation.

Becausethe sizesof the polygonsvary, the slicesin onepoly-
gonmaynot coincidewith thosein its neighboringpolygons.This
may leadto a skew in theslicesmakingcomparisonsacrosspoly-
gonsdif�cult. To overcomethisanomaly, wedivide thewholemap
into slicescomprisingof arepeatingpatternof smallersetof slices.
The repeatingpatternhasa numberof slicesequalto the number
of yearsover which thepopulationis projected.As theslicestra-
versedifferentplanningpolygons,thevisualcharacteristicsarevar-
iedaccordingto theyearandthepopulationof theplanningpolygon
they correspondto. To facilitatetheidenti�cation of repeatingsub-
patternsof time slices,a marker stripeis introducedbetweentwo
repeatingsub-patterns.Thechangesin populationacrossplanning
polygonsareeasilyidenti�ed usingthemarker to identify thestart
of asub-patternandlookingdown thelengthof thestripes.Figure6
illustratestherepeatingtimeslicestechnique.As oneglancesalong
the lengthof a time slice, oneobservesthe changein the popula-
tion betweentheneighboringplanningpolygonsfor theparticular
year. Within aplanningpolygon,onenoticesa repeatingsub-setof
time slicesdemarcatedby themarker slice, that correspondto the
differentyearsoverwhich thepopulationis projected.

5.4 Discussionof Temporal Techniques

Eachof the threetechniquespresentedin this paperpartitionsthe
planningpolygondifferently usingdifferent interpretationsof ad-
vancingtime. Eachtechniquehasits own advantagesdependingon
the natureof the taskat hand. If the populationfor every year is
to be perceived, the planningpolygonscanbe divided into equal
sectorssimilar to a pie-chartas representedin the wedgestech-
nique.Eachsectorhasequalemphasisandthevisualappearanceof
eachsectorconveys thepopulationof thecorrespondingyear. The
wedgestechniqueprovidesastructuredclockwiserepresentationof
changein datavalues.

A monotonicincreaseor decreasein datavaluescanbe easily
identi�ed when the datais representedas a linear sequence.To
perceive the patternof changein populationby year, time slices

aremostsuitablesincethey providea linearrepresentationof time.
As opposedto identifying an individual datavalue for a year or
understandingtrends,annularrings provide emphasison morere-
centyearsascomparedto earlieryearsin thevisualization.When
the recentyearsareto beobserved in greaterdetail, the tree-rings
techniqueappearsto provide a moreconvenientrepresentationas
comparedto wedgesor slices.

Thus,dependingonthenatureof thetask,theperceptionof time
differsandthethreekindsof temporalvisualizationtechniquespro-
vide variousvisualizationpossibilities.Sincetheboundariesof the
planningpolygonsneedto bemaintained,consolidatingtheappear-
anceof wedgesor time slicesto view the planningpolygonmay
sometimesbedif�cult. In suchcases,theringstechniquefaresbet-
ter thantheothertwo techniquessinceit doesa betterjob in main-
tainingtheboundarylinesof theplanningpolygons.

Wedges,treeringsandtime sliceshave a limitation on thenum-
berof time periodsthey caneffectively display. Sincetheplanning
polygonsmaydiffer in sizeandextent,temporaldisplaysin smaller
planningpolygonsmaybedif�cult to view. A basiczoomingand
panningfunctionalitycanprovide a betterview into dif�cult to see
temporaldisplaysonsmallerplanningpolygons.

6 SCENARI OS

Target areasto be partitionedcan be divided into a map of dis-
cretizedcells. Datacontainedin eachcell providesadditionalin-
formationthatcanbeusedto createbetterpartitionsandto evaluate
the proposedpartitions. We refer to the mapcells that containa
resourceascentroidal cells.Spatialpartitioninginvolvesassigning
eachnon-centroidalmapcell to oneof thecentroidalcells. School
redistrictinginvolvescreatingboundarylinesthatdeterminewhich
schooleachstudentin a schoolsystemwill attend. To partition
theregion,eachstudentin theschooldistrict mustbeassignedto a
homeschoolin a way thatoptimizesfacility usage,transportation
costs,andschooldiversity, while causingaslittle disruptionto the
currentboundarylinesaspossible.

Figure 7: Making a high school assignment plan

The applicationthat implementsthe visualizationsdescribedin
this paperhasbeenimplementedin Java usingJava Bindings for
OpenGL(JOGL).Theuserinterfaceis designedusingJava Swing.
Supportfor reading.shp, .shx and .dbf �les is provided by the
Geotoolslibrary. As seenin Figure 7, the user interface pro-
vides interactive tools to selecta schoolusing the drop-down 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 polygons is 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 sectors indicate vacant
capacity as a percentage. The outlined schools have exceededtheir
target capacity proportional to the size of their glyphs.

assigntheactive schoolto thespeci�ed planningpolygon. In Fig-
ure 7, the brightnessof the planningpolygonsis variedaccording
to the high schoolstudentpopulationandthe numberof children
requiringFARM assistanceis displayedasa dot densitytextureon
theplanningpolygons.Theschooliconshaveauniquehueandare
representedaspiechartsthatindicatetheir percentutilization. Fig-
ure 7 is zoomedto show GlenelgHS, River Hill HS, Wilde Lake
HSandCentennialHS.Along with differencesin brightness,some
planningpolygonsuseconcentricringswith varyingbrightnessto
show thetemporalvariationin high schoolstudentpopulationover
theyears2005,2006and2007to assistin planning.Thetool also
providestheability to probe,retrieve anddisplaythenumericdata
in eachpolygon,region or schoolon the informationwindow for
furtheranalysis.

6.1 Evaluating a solution

An intuitivesolutionis to sendthestudentsof aneighborhoodto the
schoolwhich is closestto them(Figure8). Assigningthe closest
schoolto a planningpolygoncancauseunder-utilization of some
schoolsandover-utilization of others.Eachschoolregion is iden-
ti�ed by a huethatcorrespondsto thehueof theschool.Schools,
representedaspie charticons,indicatetheir percentageutilization.
Schoolsthat exceedtheir target capacityare redundantlyshown
with thick outlinesand their sizesare proportionally larger than
thosethat arewithin capacity. In Figure8, HammondHS (2314
students),Long ReachHS (1790 students)and Mt. HebronHS
(1777students)haveexceededtheir targetcapacitywhile Marriotts
Ridgeis usinglessthanhalf of its targetcapacity. It is clearthatge-
ographicalproximity to theschoolis notanidealandonly criterion
to chooseaschoolfor aneighborhood.

Criteriafor evaluationincludetransportationcosts,percentageof
thetargetcapacityreached,averagetestscores,andaverageFARM
ratiosthatcanbevisually representedon theplanningpolygonsto
assisttheevaluationprocess.Theplanfor theacademicyear2004-
05 is shown in Figure9. Theaveragetestscoresof theattendance
areasaremappedto the brightness,saturationvariesaccordingto
thepercentcapacityandtotalFARM ratiois representedbydotden-
sity ontheattendancearea.Varyingsizeandslicesof thepiecharts,
asschoolicons,show maximumoccupancy andpercentutilization.

Outlined school icons redundantlyindicateschoolsthat have ex-
ceededtheir target capacity. In Figure9, observe that the average
scoresseemto beuniform in mostattendanceareasexceptCenten-
nial HS,whichseemsto have ahighaveragetestscoreandthatthe
attendanceareafor Wilde Lake HS hasa higherFARM ratio than
the otherschools. CentennialHS (1650students),HammondHS
(1439students),Mt. HebronHS (1544students)andWilde Lake
HS(1567students)haveexceededtheir targetcapacityof 1332stu-
dentsshown by thelarger, outlinedschoolicons.A combinationof
multi-attributemappingtechniquesbringsout thevariousfeatures
of aplan.

6.2 Comparing multiple solutions

Multiple solutionsto the partitioningproblemmustbe compared
andcontrastedto identify the bestsolutionfrom the availableset.
Oneway to compareplansis to look at imagesof differentplans
in differentwindows andlet thehumanvisualsystempick out the
differencesin them.An alternative approachis to displaymultiple
plansin the sameview. Viewing multiple solutionsnext to each
othermakesit dif�cult to rememberdetailsoutsidethefocusof at-
tention,especiallywhenonereorientsone's gazeon a new scene
or looks away andbackagain at the samescene[9]. If thereare
visual mappingsof the plan attributes,or if thereare more than
two plansto compare,theprocessof comparisonbecomestedious
for thehumanvisualsystem.Hence,comparative visualizationsin
a singleview help in identifying the differencesin the views at a
glance. We extend our temporalvisualizationtechniquesto rep-
resentnon-temporaldata,suchasmultiple solutionsof a resource
allocationproblem,by partitioning the spatialextent of planning
polygonsby the solutionthey representinsteadof time. The par-
titions arecreatedin theorderin which thesolutionsareaddedto
thedisplayframe. During theplanningfor theyear2005-06,with
theintroductionof thenew high school(MarriottsRidgeHS), two
plansunderconsiderationwerethe GreenPlan(Figure11(a))and
theRedplan(Figure11(b)).

6.2.1 CurrentSchoolPlanvs. ClosestSchoolPlanvs. GreenPlan

Figure10 comparesthreeplansagainsteachother. The innermost
ring correspondsto theplanfor academicyear2004-05(Figure9),
the ring in the middle correspondsto the closesthigh schoolplan
(Figure8), andthe outermostring correspondsto the Greenplan
(Figure11(a)). The averageMSA testscoresfor eachattendance
areais mappedto thebrightnessof theplanningpolygons,theper-
centutilization of theschoolsis mappedto thesaturation.Brighter
ringshave higheraveragetestscores,while highly saturatedrings
havemorestudentsenrolledin theschool.

Observetheattendanceareaof Mt. HebronHSin Figure10. Mt.
HebronHS currentlyhasexceededits target capacityby 16%. In
theclosestschoolplan,theutilization of Mt. HebronHS increases
furtherto reach133%of thetargetcapacity. TheGreenplan,how-
ever, reducestheutilization to 80%of theexpectedtargetcapacity.
Similarly, Long ReachHS,which hasjust 97%of its targetcapac-
ity utilized in thecurrentacademicyear, exceedsits targetcapacity
by 34%in theclosestschoolplan. On theotherhand,Wilde Lake
HS shows a decreasein its utilization in theclosestschoolplan to
89%while both theGreenplanandtheCurrentplanhave 17%in
excessof their target capacity. Of the threeplans,the Greenplan
appearsto have betterutilization statisticsandemergesasthebest
of thethreeplans.

6.2.2 CurrentPlanvs. GreenPlanvs. RedPlan

Figure12evaluateshow thecurrentplanfaresagainstthetwo plans
currentlyunderconsiderationby theHCPSS.Eachplanningpoly-
gon is divided into threevertical slices,correspondingto 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 average test scores 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 sectors 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 scores are represented by varying the brightness of the school attendance
region. The percentageutilization of each school is mapped to the saturation of its attendance area.



the threeplansfrom left to right. The hueof the planningpoly-
gonsis matchedto thatof their assignedschool. In Figure12, the
transportationcostsis mappedto thesaturationof eachsliceandthe
percentutilization aremappedto its brightness.In the attendance
areafor Mt. HebronHS, the left, middleandright slicesrepresent
theCurrentplan,theGreenplanandtheRedplanrespectively. The
brightnessof theslicecorrespondingto theCurrentplanis highest
amongthethreeslices,indicatingthatMt. Hebronwasover-utilized
(115%). Both theGreenandtheRedplan reduceits utilization to
80%and84%respectively indicatedby their dimmerslices.In the
attendanceareafor HowardHS,boththeGreenandRedplansfare
equallywell at reducingutilization andincreasingtestscorescom-
paredto theCurrentplan. Eachof the threeavailablesolutionsto
the redistrictingof the Howard CountyPublic SchoolSystemhas
its own prosandcons.Comparativevisualizationof thethreeplans
canidentify theminutedifferencesin them,helpingin theirevalua-
tion andanalysis.With someminormodi�cations,HCPSSdecided
to put theGreenplaninto practicefor theschoolyear2005-2006.

(a) GreenPlan (b) RedPlan

Figure 11: Comparing plans in separate views

7 CONCL USI ON

Thetechniquespresentedin our paper- wedges,ringsandslices-
helpin visualizingtemporalchangesin spatialdatawhile maintain-
ing thespatialboundariesof themap.Usingacombinationof such
temporaltechniqueswith multi-attributevisualmappings,compar-
ativevisualizationshelpin 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 mapped to brightness.

8 FUTURE WORK

In additionto representingthetemporalchangein spatialdata,tem-
poralcharacteristicsof theplancouldalsobeevaluated.Aggregat-
ing the attendanceareasof eachschoolinto an attendanceregion
and applying temporalvisualizationtechniqueson theseregions
could help in extrapolatingthe behavior of a plan over time. In-
tegrationof learningtechniquesandoptimizationmethodsto parti-
tion thedataandvisualizationmethodsto evaluatesuchpartitions
couldprovide an interestingsolutionfor resourceallocationprob-
lem.
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