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Abstract

Severalrecentefforts have focusedon addingexploratorydataanalysisfunctional-
ity to geographicinformationsystems(GIS) by integratingestablishedstatisticalsoft-
warewith a GIS. In this paper, we outlineanalternative approach,wherethefunction-
ality is built from scratch,usinga combinationof small libraries of dedicatedfunc-
tions, ratherthanrelying on the full scopeof existing softwaresuites.Thesuggested
approachis modularand freestanding.Within an overall framework of dynamically
linkedwindows, it combinesacartographicrepresentationof dataonamapwith tradi-
tionalstatisticalgraphics,suchashistograms,boxplots,andscatterplots.In addition,it
includesseveraldevicesto visualizespatialautocorrelationin lattice(or regional)data,
suchasthe Moran ScatterplotandLISA maps. This new program(DynESDA2) also
implementsthecapabilityto brushpolygoncoverages,simultaneouslinking of multi-
plemapswith multiple statisticalgraphics,andinteractive LISA maps.
Key Words: spatialstatistics,exploratoryspatialdataanalysis,visualization,dynamic
graphics,GIS.

1 Introduction

With the proliferation of user-friendly geographicinformation systems,the easyaccess
to geocodeddataand the increasedinterestin substantive “spatial” researchquestions,
the demandfor sophisticatedspatialanalyticaltools hasincreasedconsiderablyin recent
years(Goodchildet al. 2000). Building on anearly interestin linking standardstatistical
softwarepackagesandGIS in orderto carryout genericdataanalyses,severalmorerecent
effortshavefocusedonaddingexploratoryspatialdataanalysis(ESDA) functionality. The
approachcommonlytaken is to establisha link betweena statisticalpackageanda GIS
by meansof remoteprocedurecalls anda client/server architecture(often referredto as
“closecoupling”). Thereareby now quitea few implementationsof this idea,for example,
linking statisticalsoftwarepackagessuchasS-Plus,XGobi, or XploRe to GIS software,
suchasArcView andArc/Info (for recentreviews of the relevant literature,seeAnselin
1998,2000,Symanziketal. 2000,ZhangandGriffith 2000,Wiseet al. 2001).

In this paper, we reporton an“in progress”softwaretoolsdevelopmentprojectto fa-
cilitateexploratoryspatialdataanalysis.We approachthis problemin adifferentway than
mostrecentlinking efforts in thattheESDA functionalityis built from scratch,ratherthan

1Contact:anselin@uiuc.edu. This researchwassupportedin partby NSFGrantsSBR-9410612,andBCS-
9978058,to theCenterfor SpatiallyIntegratedSocialScience(CSISS), andby agrantfrom theNationalConsor-
tium on ViolenceResearch(NCOVR). NCOVR is supportedundergrantSBR-9513040from theNationalScience
Foundation. The considerablecontributions by ShumingBao to the developmentof the initial versionsof the
SpaceStat-ArcView linkagesoftwarearegratefullyacknowledged.Programminghelpwasprovidedby Widodo
Baroka. We alsothankSuahasilNazarafor kindly providing thedataandGIS from the SUSENAS Indonesian
EconomicSurvey.
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by connectingexisting softwaresuites. This is accomplishedby usinga combinationof
small librariesof dedicatedfunctionsassoftware“components.” Theapproachis modular
andextensible,aswell ascompletelyfreestanding.It implementsdistributedcomputing,
allowing theanalyticalengineandthedatato bestoredon differentmachines,andfacili-
tatestheuseof dataformatsfrom differentvendors.

Thecurrentsetof tools is built usingESRI’s MapObjectssoftwarecomponentsto im-
plementmappinganddatabaseaccess,augmentedwith functionalityto carryout thespa-
tial analysis(written in C++). This doesnot requiretheuseof a particularGIS andallows
for thevisualizationof spatialdatastoredin differentformats.Theuserinterfaceconsists
of fully dynamicallylinked windows that includemultiple cartographic(thematic)repre-
sentationsof dataon mapsaswell as traditionalstatisticalgraphics,suchashistograms,
box plots,andscatterplots.In addition,it includesseveraldevicesto visualizespatialau-
tocorrelationin lattice (or regional) data,suchas the Moran ScatterplotandLISA maps
(Anselin1995,1996,2000).

In the remainderof this paper, we first provide somebackgroundandsituateour ap-
proachamonganumberof otherefforts thathavebeenreportedin therecentliterature.We
thenproceedby outlining thearchitectureandfunctionalityof thesoftware,followedby a
simpleempiricalillustrationdealingwith thespatialdistributionof householdconsumption
in thegreaterJakarta(Indonesia)metropolitanregion, or Jabotabek.We closewith some
concludingcommentson futuredirections.

2 Background

The current framework, referredto as DynESDA2, is our latest iteration in an ongoing
effort to augmentthe visualizationandspatialdatamanipulationfunctionality of a GIS
with an analyticalenginethat containsspatialstatisticaland spatialeconometricmeth-
ods.2 The original outline of the conceptualframework for suchan integration can be
found in AnselinandGetis(1992)andGoodchildet al. (1992). Thefirst implementation
of our integratedframework consistedof interfacing the spatialeconometricandESDA
functionality of SpaceStat(Anselin 1992,1999b)with ESRI’s Arc/Info GIS in Anselin
et al. (1993). The interactionbetweenthe two softwarepackageswasbasedon so-called
“loose coupling,” which consistedof moving dataandlocation-specificresultsbackand
forth betweenSpaceStatastheanalyticalengineandArc/Info asthevisualizationengine.
This earlyeffort wasmorea proof of conceptthana practicaltool, asit sufferedfrom per-
formanceproblemsandlimitations for dynamicinteractiondueto the designof Arc/Info
(aswell asfrom the useof two differentoperatingsystems,Unix for Arc/Info andDOS
for SpaceStat).Arc/Info wasusedasthebasisfor an integratedor linkedframework by a
numberof othersaswell (in a Unix environment),althoughusinga differentarchitecture.
For example,dynamicallylinkedwindows from XGobi wereinterfacedwith Arc/Info by
Symanziket al. (1994b),basedon a client/serverarchitecture,but only limited interaction
wasprovidedwith themapsin Arc/Info. Similarly, theextensionof Arc/Info with spatial
statisticalfunctionalityimplementedin theSAGE Projectusesa client/serverarchitecture
to avoid performanceproblemswith loosecoupling(Hainingetal. 1996,1998,2000,Wise
etal. 2001).

Thepopularizationof theArcView desktopGISsoftwarein themid-1990ssaw thisGIS
becomethe primary focusof extensionefforts.3 Initially, spatialstatisticalfunctionality

2More extensive descriptionsof theevolution of softwaretoolscanbefoundin Anselinetal. (1993),Anselin
andBao(1996,1997),BaoandAnselin(1998),AnselinandSmirnov (1999a,b)andAnselin(2000).

3OtherpopulardesktopGIS software,suchasMapInfo,hasonly seenlimited useasa platformto implement
spatialstatisticalextensions.A rareexampleis Wall andDevine (2000).
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wasaddedby meansof the built-in Avenuescriptinglanguage.For example,Zhangand
Griffith (1997)provide limited spatialautocorrelationstatisticsthroughtheapplicationof
Avenuescripts. Also, in Anselin andBao (1997)andBao andAnselin (1998),Avenue
scriptsare usedto implementthe link with SpaceStat.Performanceproblems(both in
termsof speedasin termsof thesizeof problemsthatcouldbehandled)quickly led to the
adoptionof differentdesigns.Popularamongthesewastheuseof remoteprocedurecalls
to link ArcView with other(statistical)software.For example,this is appliedin theseries
of integrationefforts in a Unix environmentbetweenexploratorysoftwaresuchasXGobi
andXploReon theonehand,andtheArcView GISon theotherhand,by Cook,Symanzik
and co-workers (see,e.g.,Cook et al. 1996,1997,Symanziket al. 1994a,1997,1998,
2000). Similarly, the link betweenthe S-PlusstatisticalsoftwareandArcView is based
on remoteprocedurecalls(implementedin Avenuescripts),allowing S-Pluscommandsto
be invoked from within ArcView andvice versa(Bao et al. 2000). While exploiting the
functionalityof ArcView for interactivemappingandquerying,combinedwith thelinking
andbrushingcapabilitiesin the EDA software, theseinterfaceswerestill limited by the
constraintson thenumberof links thatcouldbeopenat thesametime (a limitation of the
remoteprocedurecall implementationson thesesystems).Also, to the extent that they
reliedon built-in Avenuescriptsfor somespatialdatahandlingfunctionality, they tended
to beslow andlimited in thenumberof spatialobjectsthatcouldbehandled.

TheSpaceStatandDynESDA extensionsfor ArcView in a MS Windowsenvironment
(AnselinandSmirnov 1999a,b,Anselin2000)weredesignedto addresssomeof theseper-
formanceissues.While they alsosuffer from someof thelimitationsimposedby theArc-
View software,performancebottlenecks(particularlyfor intensive numericaloperations)
dueto theuseof theAvenuescriptinglanguagewereavoided. RatherthanusingAvenue
for computations,themainanalyticalenginefor thestatisticaloperationsis containedin a
numberof dynamicallylinkedlibraries,written in C++. This formstheimmediateprecur-
sor to thecurrentDynESDA2 implementationin termsof mostof its statisticalfunctional-
ity. However, we alsofelt that someof the overheadassociatedwith usinga “complete”
GIS couldbeavoided,especiallyfor usersmoreinterestedin dataanalysisthandatama-
nipulation. Therefore,the (rudimentary)mappingand databaseaccessfunctionality in
DynESDA2wasconstructedusingESRI’sMapObjectssoftwarecomponents.Thesedonot
requireArcView or any otherGIS to beopenandallow thesoftwareto operatefully inde-
pendently. In thatrespect,DynESDA2 is similar in spirit to thevariousdescendantsof the
original Spidersoftware(Haslettet al. 1990,1991),which implementdynamicallylinked
windowsin aself-containedframework (i.e.,not relyingona GIS for mapping),wherethe
“map” is but oneof several linkedviews.4 In additionto beingfreestanding,DynESDA2
alsoincludesa numberof otheradvancesover its predecessors,suchasthe capabilityto
brushpolygoncoverages,simultaneouslinking of multiple mapswith multiple statistical
graphics,andinteractive LISA maps.We considerthis functionality morecloselybelow.
First,we turn to theoveralldesignandarchitectureof theintegratedframework.

3 Architecture and Design

TheDynESDA2 framework is conceptualizedasa collectionof modulesthateachhandle
a differentaspectof the userinteractionwith the data. Four major modulescanbe dis-
tinguished,respectively dealingwith dataretrieval anddatabasemanagement,thematic
mapping,statisticalanalyses,andqueries,asillustratedin Figure1. Both dataaccessand

4SeeUnwin (1996)andWilhelm andSteck(1998) for recentexamples. Similar ideasunderliethe Tcl/Tk
basedcdv toolkit of Dykes (Dykes1997,1998)aswell asBrundson’s explorationof local spatialassociation
usingadynamicallylinked“map” constructedwith toolsavailablein xlispstat(Brundson1998).
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Figure1: Basicarchitectureof DynESDA2.

thematicmappinghave beenimplementedby customizingESRI’s MapObjectscompo-
nents,whereasthestatisticalanalysesanddataqueriesweredevelopedin C++, usingthe
dynamicallylinked librariesfrom theearlierversionof DynESDA asa point of departure
(seeAnselinandSmirnov 1999a,Anselin2000).

Themodulesaretied togetherin a Microsoft Windows “multiple documentinterface”
(or MDI), with eachtypeof analysis(mapping,descriptivestatistics,spatialstatistics)cor-
respondingto adistincttypeof “document.” All windowsareimplementedusingMicrosoft
FoundationClasses(MFC) to provide a consistentlook andfeel.5 In total, therearefive
genericclassesof windows,eachenablinga different“view” of thedata:map,histogram,
box plot, scatterplotandtable.A specializedform of thescatterplotis usedfor theMoran
scatterplot,andspecialinstancesof themapview yield theMoransignificancemapandthe
LISA map.

An analysisis initiatedby loadingadataset(suchasanESRIshapefile),whichcontains
both the datatableaswell asa digital boundaryfile for visualizationof the map. While
differentmapsmaybeconstructedfromthesamedatatable,thetableitself isuniquein each
“analysis.” Specificanalyticalfunctionsare invoked throughthe ExploreandThematic
Mapmenus,asillustratedin Figures2 and3. Eachof theExploremenuitemsstartsanew
window, whereastheThematicMapmenuitemsimplementaspecificform of visualization
for thebasemap(multiplesuchvisualizationscanbeopenat thesametime).

Thedifferentviews of thedataaresynchronizedby meansof a so-calledbit string(or
bitmap).This storesthe“selected”observationsin anefficient mannerandis updatedany
timeanobservationor setof observationsis highlightedby meansof apointerin any oneof
theviews. Two typesof selectionsareimplemented:spatialandnon-spatial.Non-spatial
queriesarebuilt from SQL statementsandselectitemsfrom the datatable that matcha
given setof criteria. This canalsobe carriedout by pointing andclicking on recordsin
the“Table”view. Spatialqueriesareimplementedby interactively clicking or clicking and
draggingon a mapview, usingoneof thegeometricshapesprovidedin theSelectpopup

5In otherapplicationsthatlink ArcView to astatisticalpackage,theGUI is acombinationof theinterfacesfor
eachseparateproduct,whichmayleadto confusionandinefficiencies.By choosingMFC asthebuilding blocks
for theinterfacethroughout,this is avoidedin thecurrentdesign.
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Figure2: ExploreMenu. Figure3: MapMenu.

Figure4: SelectPopUp Menu.

menuto graphicallydelineatetheselection.Fivesuchshapesarecurrentlyincluded:point,
rectangle,polygon,line andcircle (seeFigure4).

Dynamiclinking is implementedby refreshingall windows with a new selectionany
time thebit string is altered.This centralprocessingof thebit stringtiesall theinterfaces
together, as illustratedin Figure 5. The usercan “enter” the tools from any numberof
views, suchasthe map,the datatableor any of the statisticalgraphs.Only a singledata
tablecanbe active at onetime, sinceit definesthe availablevariablesand the locations
of the observations,but the numberof mapsand graphslinked togetheris unrestricted.
This removesa limitation thatis presentin many othercurrentimplementations,wherethe
architectureof the statisticalsoftwareor the GIS supportsonly one-to-one(onemapand
onestatisticalgraph)or one-to-many (onemapto multiple statisticalgraphs)links.

4 Functionality

The main functionality of DynESDA2 replicatesthat of its predecessor(seeAnselin and
Smirnov 1999a,Anselin 2000). It containsmaps,histograms,box plots, scatterplotsand
Moran scatterplots(with the associatedcomputationandpermutation-basedsignificance
testfor Moran’s I statistic)in a framework of dynamicallylinkedwindows. As such,both
linking andbrushingof thesegraphsis supported.This basicfunctionality is extendedin
fivemainways.

First, thelinking of viewshasbeenaugmentedwith theability to link multiplemaps, to
eachotheraswell asto thestatisticalgraphs.Thiswasaccomplishedby usingMapObjects
componentsfor themaprenderingandthebit stringto tie all windowstogether. Previously,
whenworking within ArcView, anAvenuescriptwaslaunchedto establisha conversation
with the dynamically linked libraries. However, in ArcView’s architecture,this is tied
to a single“active” View (the mapin ArcView terminology). In order to establishlinks
to a differentView, the runningscript had to first be shutdown andthenrestartedfrom
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the new View. In this process,any links to the original view were lost.6 In the current
implementation,thereis no suchconstraint.

In additionto linking morethanonemapwith thestatisticalgraphs,multiplemapscan
now be linkedto eachotheraswell. In otherwords,whenever a featureis highlightedin
oneof thewindows, thecorrespondingobjectis highlightedin all of them,irrespective of
their nature(maps,graphsor table). SinceArcView 3.x doesnot supportlinks between
differentViews, this aspectof dynamiclinking cannotbe implementedin interfacesbuilt
on ArcView. 7 Theuseof MapObjectscomponentscircumventsthis constraint,sincethe
bit string keepstrackof the relevantobjects.Moreover, sinceall the mapsaretied to the
samedatatableandboundaryfile, thereis no possibility of confusionbetweendifferent
“geographies.”

Second,truemapbrushingis now included.Previously, featurescouldonly beselected
on a mapby meansof thebuilt-in ArcView selecttools. As a result,in thepreviousDyn-
ESDA, truebrushingwasonly possiblebetweenstatisticalgraphsanda map,in thesense
that the “brush” couldbeappliedto thegraph,but not to themap. 8 By keepingthecen-
troidsof themappolygonsin memory, andapplyingthebrushto those(andthusindirectly
to thepolygonsthemselves),truemapbrushingcapabilityis obtained.Currently, thebrush
is implementedasa rectangleshape,but eventuallyit will beallowedto take on any of the
shapesavailableasselecttools(seeFigure4).

Third, a tablehasbeenaddedasa new view on thedata(in theterminologyof dynam-
ically linkedwindows). This implementssomesimpledatabasequeriesusingSQL, such
astheselectionof specificrecordsand/orspecificfields.Therowsin thetablearelinkedto
theotherstatisticalgraphs.Thereis no brushingpersein thetable,but whenothergraphs

6Thiswasnotuniqueto thefirst versionof DynESDA, butotherimplementationsof linkagesbetweenstatistical
softwareandArcView similarly suffer from this limitation.

7ArcView implementsaform of dynamiclinking betweentheactive View andthecorrespondingtable,aswell
asacorrespondinggraph,but notbetweenViews.

8Truemapbrushingof polygons(asopposedto points)wasoriginally suggestedin Monmonier(1989),but to
ourknowledge,DynESDA2 is thefirst actualimplementationof this ideain asoftwaretool.
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Figure6: Functionalityof DynESDA.

arebrushed,thematchingrecordsin thetablearehighlighted.
Fourth,new visualizationdeviceshavebeenincluded,suchasboxmapsandpercentile

maps, aswell asa limited degreeof animationin theform of a mapmovie. As mentioned
before,the mappingfunctions,which previously relied on the cartographiccapabilityof
theArcView “View” arenow implementedusingMapObjectscomponents.In additionto
standardchoroplethmaps,suchasquantilemapsandstandarddeviationalmaps(with the
facility to zoomin andout), specializedmapshave beenaddedthat highlight outliers in
the data(seeFigure3). Two suchdevicesarethe box map,a quartilemapwith outliers
identified,anda percentilemap.9 Previously, it wasnecessaryto link backandforth to
SpaceStatto computetheinformationneededfor thesemaps.In addition,a typeof motion
graphicis implementedin the form of a mapmovie. The mapmovie is equivalentto an
automaticbrushingof a box plot from low to high values.Eachobservationon themapis
highlightedin turn, in the orderof its magnitudefor a selectedvariable. The mapmovie
canhighlightonevalueata time,or becumulative,slowly filling upthemapasnew values
areadded.A mapmovie is a usefuldevice to suggestpatternsof spatialheterogeneityin
thedata(e.g.,whenall low valuesarein oneregion,andhighervaluesin another)

Finally, thevisualizatonof spatialautocorrelationextendstheearlieruseof theMoran
Scatterplotandthecomputationof Moran’s I with a “local” variant,for which thesignif-
icant locationsareshown in a LISAmapandMoran SignificanceMap. TheLocal Moran
statistic(Anselin1995)indicates,for eachlocation,theextentto which thepatternof val-
uesin neighboringlocationsis compatiblewith spatialrandomness.Rejectionof this null
hypothesissuggestseitherclustering(of highor low values),or spatialoutliers(low values
surroundedbyhigh,or viceversa).TheLISA statisticsarevisualizedin four windows.One
shows a mapwith the locationswith significantvaluesfor the local Moran,with different

9SeeAnselin(1999a)for amoreextensive descriptionof theseESDA tools.
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Figure7: Distributionof householdconsumptionin theJabotabekregion.

colorsfor differentdegreesof significance(p � 0 � 01andp � 0 � 001).This is referredto as
a MoranSignificanceMap (seeFigure2). Thesecondmapdistinguishesbetweenthefour
typesof local association,but only for the locationswith significantLISA statistics.This
is referredto asa LISA map. Note that the four typesof associationalsomatchthe four
quadrantsin theMoranScatterplot.10 A third graphicassociatedwith thecomputationof
theLISA consistsof a box plot for theindividual statistics.On average,theLocal Moran
equalthe global Moran statistic,and the box plot canbe usedasa diagnosticto assess
theextent to which this averageis representative of theoverall pattern.Thefinal graphic
consistsof thematchingMoranscatterplot.Thefour windowsarelinkedto all otherviews,
allowing for interactivebrushingamongdifferentrepresentationsof localandglobalspatial
autocorrelation.This comescloseto theideaof a “spatialassociationvisualizer”outlined
in Anselin(1998).

Thefull functionalityof theDynESDA2 tool is outlinedin Figure6.

5 Illustration

We briefly demonstratethe designand functionality of DynESDA2 by meansof a sim-
pleexample,usingdataon thespatialdistributionof householdconsumptionin thegreater
Jakartametropolitanareaof Indonesia.11 Thisregionis referredto astheJabotabekmetropoli-
tanarea,andit comprises130subdistricts,covering,in additionto Jakarta,theurbanareas
of Bogor, Tangerangand Bekasi. This metropolitanregion is characterizedby internal
restructuring,bothphysicalaswell asin termsof socio-economiccharacteristics.Thepri-
marypatternis oneof decentralizationof manufacturing(away from the city center)and
concentrationof financeandservices,changingthenatureof urbanareasin thecore.12 We
considerthespatialdistributionof medianhouseholdconsumptionin theregion,aswell as
its relationto disposable(household)incomein asimplelinearconsumptionfunction.

In Figure7, the centralgraphshows a quartilemapfor householdconsumption,with
the“outliers” highlightedin thecenter. Thedistrictsin questionhappento all benearthe
coreof Jakarta,suggestingtheexistenceof a “cluster.” While thesearethe locationsthat
matchthe outlying datapointson the traditionalbox plot on the right, the latterdoesnot

10For amoretechnicaldescription,seeAnselin(1995,1996).
11Thedataarefrom the1999Indonesiasocio-economicsurvey, or SUSENAS (BPS1999).
12For anextensive discussionof thesubstantive issuesinvolved,see,e.g.,Firman(1998).
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Figure8: Visualizinglocalandglobalspatialautocorrelation.

shedlight onany “spatial” patternasin theboxmap.Ontheleft, ascatterplotwith a linear
smootherillustratestheslopeof theconsumptionfunctionandhow thisis affectedwhenthe
outlying observationsareremovedfrom theanalysis(theslopeof 0.74on theupperright
handsideof thegraphis thevalueobtainedwithout theoutliers).Clearly, theselectionin
oneof thegraphsis linkedto thematchingobservationson theothergraphs.

We further investigatethespatialpatternof consumptionexpendituresby focusingon
the districts with a significantLocal Moran and the type of spatialautocorrelationsug-
gested,asillustratedin Figure8. The graphon the lower right presentsthe Moran scat-
terplot andsuggesta (significant)degreeof positive spatialautocorrelation(Moran’s I is
0.54).Thelocal autocorrelationprovidesa morefine grainedview of theassociationhow-
ever. The significantdistrictsareshown in the lower left map,with the classificationby
typeof associationgivenin theLISA mapat theupperleft. Both mapshave beenzoomed
in to providea betterview of thepatternnearthecorecity. While theevidenceovewhelm-
ingly suggestsa significant“cluster” of high householdconsumptionnearthecenter-city,
thereis onedistrict thatdoesnot fit themold. In thevery center, theTanahAbangdistrict
(identifiedin the Tableon the upperright) shows a significantpatternof negative associ-
ation, i.e., a low valuesurroundedby high values. A look at the matchingpoint in the
Moranscatterplotconfirmsthat this is indeeda locationwith below averageconsumption,
surroundedby aboveaverageneighbors.Thispatternis suchthatit is highly unlikely to oc-
cur underspatialrandomness.Thedistrict in questionis indeeda remainingareaof urban
decay, wherethe conversionto businessactivity, characteristicof the othercoredistricts,
hasnot (yet) takenplace.

As a final illustration,we considerevidenceof spatialheterogeneity, or thesignificant
differencebetweenmomentsof adistributionandmodelparametersby regional“regimes.”
In Figure9, a brushis centeredon thecoreurbanarea,selectingthosedistrictsin themap
andin thematchingboxplot. Thisalsoeliminatestheselectedpointsfrom thecomputation
of Moran’s I andthe slopeof the consumptionfunction. The latter, shown in the bottom
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Figure9: Visualizingspatialheterogeneity.

right graph,is substantiallyhigherthanfor thedatasetasawhole(0.90vs. 0.76),confirm-
ing thewell-knownphenomenonthatthepropensityto consume(theslopeof theregression
line) is notconstant,but inverselyrelatedto income(lowerincomegroups,outsidethecore
districts,havehigherpropensityto consume).Moving thebrushover themapwouldallow
the analystto interactively assessthe degreeof changein this parameterover subregions
of thedata,suggestingcandidate“spatialregimes”for furtheranalysisby meansof spatial
econometricsoftware.

A “static” descriptionsuchastheonegivenhererarelygivespropercreditto thetypeof
additionalinsightgeneratedthrougha dynamicinteractionwith thedata,especiallywhen
complementedwith substantive knowledgeof the issueat hand. Suchinteractionoften
providessignificantaddedvalueover a moretraditionaldataanalysis,motivating further
work on extendingandrefiningthecurrentframework.13

6 Future Directions

DynESDA2is awork in progressandpartof amorecomprehensivestrategy to facilitateand
promotethe useof spatialanalyticaltools in the socialsciences(Goodchildet al. 2000).
Developmentis ongoing,andseveralminor refinementsto the framework (legends,color
choice,print facilities)arein theprocessof beingadded.

A majormedium-termeffort consistsof extendingthefunctionalityto a broaderrange
of spatialstatisticsanddataexplorationtools,aswell astootherdatastructures.Thecurrent
toolsapply to polygons,a specialcaseof lattice(or regional)data.Ongoingdevelopment
dealswith addingpoints(aslatticedata)aswell asflows. Informationon spatialarrange-
mentfor thesedatastructuresis no longerbasedon simplecontiguity (constructedfrom

13For a recentexampleof aninstancewheretheuseof ESDA throughdynamicallylinkedwindows generated
“surprising”new insights,seeMessneretal. (1999).
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theboundaryfilesfor polygons),but requirestheefficientcomputationandmanagementof
distancemeasures.This is in theprocessof beingpursued.

To date,thegoalof full modularityin theform of Microsoft compliantCOM “compo-
nents”hasonly beenpartially achieved. Futurework will focuson completingthe com-
ponentizationso that the functionality canbe leveragedby any com-compliantsoftware,
includingvariousGIS andstatisticalsoftwarepackages.Theendresultis envisagedasan
openandmodularlibrary of componentsfor exploratoryspatialdataanalysis.
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