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Abstract. ThispaperpresentstheÕMediaWatchonClimateChangeÕ,aninterac-
tiveWebportalthatcombinesaportfolio of semanticserviceswith avisualinter-
facebasedontightly coupledviews.Theinterfaceenablesusersto accessarepos-
itory of environmentalknowledge,built by crawling about300,000news media
articlesin weeklyintervals.Taggingservicesannotateeacharticleto createacon-
textualizedinformationspace.A systemcomponentfor automaticallyextending
ontologieshelpsstructuretheknowledgerepository, andfeedsanontology-based
visualizationmodule.TheWebportal is intendedto facilitatetheaccessof com-
plex datasets,help usersnavigatelarge collectionsof Web documentsbasedon
similarity, geospatialcontext and underlyingconcept,and provide annotations
via standardizedinterfacesfor third-partyapplications.

1 Moti vation

The widespreadacceptanceof three-dimensionalvirtual globessuchasGoogleEarth
andNASA World Wind advancesthe vision of a GeospatialWeb. The following hy-
potheticalscenariooutlineshow an integration of geospatialand semanticdatamay
radicallychangeworkingenvironments,impactworkßows within andacrossorganiza-
tions,andenrichindividual interactions.

ÒKathrynOÕReillyis a freelanceeditorwhosellsherability to gather, Þlterandpri-
oritizeelectroniccontent.In a virtual world built oncontextualizedinformationspaces,
Kathrynseamlesslyswitchesbetweengeographicandsemantictopologies.Shebegins
her typical working day ßoatingin the virtual spaceabove Earth, readyto navigate
theglobeandsemanticstructuresvia subtlemovementsof her eyes.Fromher elevated
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position,Kathrynnot only observestherise anddecayof topics,but alsotheunfolding
of social structuresbasedon the uniquesocial networksof her friendsand contacts.
Acrossthesenetworksshebuilds andsharesher knowledge repository, andcomposes
mediaproductsthat are continuouslybeingvalidatedandenrichedby the latestnews
feedsandthird-partysourcesÓ[1, p.3f].

This scenarioexempliÞestheprofoundimpactof theGeospatialWebon managing
individual andorganizationalknowledge.TheGeospatialWebwill not only reveal the
context andgeographicdistribution of location-basedresourcesandservices,but also
catalyzevirtual communitiesby matchingpeopleof similar interests,browsingbehav-
ior, or geographiclocation.

2 SystemDescription

Thevision of a GeospatialWebpromotestheconvergenceof geographicinformation,
Internettechnologyand social change.Taking a steptowardsthis vision, the Media
WatchonClimateChangeusesautomatedcontentanalysisto extractgeospatialcontext
andbuild a geotaggedknowledgebase.The interfaceprovidesvariousmeansto inter-
actively accessthis knowledgebase.It shows that geobrowsersarenot only suitedto
explore geographicfeatures,but canalsorenderother typesof imagerysuchastwo-
dimensionalsemanticmapsor three-dimensionalknowledgeplanets.Suchmapsare
representationsof semanticinformationspacesbasedona landscapemetaphor[2].

To increaseawarenessandtheavailability of environmentalinformation,theIDIOM
MediaWatchon ClimateChangeprovidesa comprehensive andcontinuouslyupdated
accountof mediacoverageonclimatechangeandrelatedissues.Theportalaggregates,
ÞltersandvisualizesenvironmentalWebcontentfrom 150Anglo-Americannews me-
diasites.It is availableat thefollowing address:

http://www.ecoresearch.net/iswc2007

2.1 Annotation and Data Management

TheknowledgebaseunderlyingtheMediaWatchon ClimateChangeis a contextual-
izedinformationspace.If authorsandinformationprovidersdo not provide contextual
attributes,annotationservicesattemptto tagandclassifynew objects.If contextual at-
tributesareprovided,theannotationservicesvalidatethemanualentries,addmissing
information,andsuggestchangesif conßictinginformation is found. The annotation
servicesof thecurrentprototypeprovide metadataalongthreedimensions:(i) spatial-
distinguishingbetweensourceandtargetgeography; (ii) semantic- assigningthemost
relevantconceptsfrom a controlledvocabulary; and(iii) temporal - addingtimestamps
for thereportedevent,theinitial publicationandsubsequentrevisions.Eachelementof
thecontextualizedinformationspacecanbeorganized,indexed,searchedandnavigated
alongthesedimensions.

2.2 Interface Designand Map Synchronization

Figure1 showsascreenshotof thecurrentprototype.Thecontentview in theupperleft
window containstheactivedocument,includingits mirror dateandsource/targetgeog-
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Fig.1. Screenshotof theIDIOM MediaWatchprototype

raphy. Below, just-in-timeinformationretrieval agentslist documentsreferringto sim-
ilar topicsandnearbylocations.Clicking on therelatedreferencesextendsthequoted
text, clicking on thecircularmarker on theleft activatesthatparticulardocument.The
semanticandgeographicmapsfacilitateaccessto theunderlyingknowledgebase.The
informationlandscapein theupperright window shows thesemanticassociationsbe-
tweendocuments.Peaksindicateclustersof documentsabouta populartopic,whereas
valleysrepresentsparselypopulatedpartsof theinformationspace.Thetwo links in the
upperleft cornerof thiswindow allow usersto switchbetweenthesemanticmapanda
visualrepresentationof anautomaticallygenerateddomainontology(seeSection2.5).
Below, ageographicmapshowsthelocationsreferredto in thelisteddocuments.Click-
ing on theÕmaxÕlinks increasesthesizeof themaps.

Eachof theÕ3DÕlinks opensanew window. Thesemanticmaplinks to adescription
of knowledgeplanetsas a new interfacemetaphor. The link of the geographicmap
pointstowardsa KML (KeyholeMarkupLanguage)Þle that requiresa geobrowserto
displaythe100mostrelevantnews itemsona three-dimensionalvirtual globe.

Onceusersentera searchquery, an additionalwindow displaysquotesincluding
thetargettermasÕconcordancesÕ(centeringthetargettermandshowing its immediate
context in thevariousdocuments).Besidesenteringqueryterms,userscanclick onany
positionin themaps(not only on thedocumentmarkers)to retrieve articlesrelatedto
thatparticularlocation,topic,or domainconcept.Thedifferentviewsarethereforesaid
to beÕtightly coupledÕ:Useractionsin onewindow triggeranimmediateupdateof all
otherdisplays.
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2.3 Integration of SemanticMarkup and Inter operability

Microformats like hCard,hCalendar, XFN and othersprovide straightforward tech-
niquesto embedsemanticallyrich informationinto existing Webpages.Their markup
is not asadvancedandpowerful asRDF, but aggregatorserviceslike Technoratihave
demonstratedhow useful thesetaggingformatscontenthave become.Within Þfteen
months,from November2005to April 2006,thenumberof taggedpostingsgrew from
zeroto 100million5.

Web2.0siteslike Dopplr.com6 or CouchSurÞng.com7 startedadaptingmicrofor-
mats for building social networks using XFN and the hCardstandard.ÒIBM is an-
otherearlyadaptor, enrichingemployeelistingswith hCardsinformation.Unfoldingthe
powerof adecentralizedandeasytaggingarchitecture,Webdevelopersanddomainex-
pertsspecifynew domain-speciÞcmicroformatsin orderto provideuserswith asteadily
growing vocabularyfor annotatingWebcontent.Efforts liketheW3CÕsdevelopmentof
RDFa try to combinetheadvantagesof micro-formatswith theexpressivenessof RDF.

ÕGeoÕmicroformatsdescribethe target geography of the IDIOM Media WatchÕs
documentsby encodinggeographicalinformation.ÕRel-tagÕmarkupextendsexisting
hyperlinks,markingthedestinationasa system-designatedtag.Datafrom the just-in-
time informationretrieval agentsis annotatedusingtheÕhReviewÕmicroformat,mark-
ing it asa review andthusgiving it additionalinformationsuchasa relevancerating
anda review date.Browseradd-onssuchasthe ÒOperatorÓandÒTails ExportÓFire-
fox extensionsprovideauser-friendly interfacefor importingsuchentriesinto existing
applications.Geo-metadatafrom theIDIOM MediaWatchprototypecanbepresented
asa link to mappingapplications suchasYahoo!or GoogleMaps,Õrel-tagÕmarkup
refersthe userto communitysitessuchasdel.icio.us8 andßickr9. RSSfeedsprovide
annotateddocumentfeedsto topicsandkeywordspromotinginteroperabilitywith third
partyapplications.Thefeedsareavailableat thefollowing address:

http://www.ecoresearch.net/iswc2007/tags/ { keyword|topic }

2.4 KnowledgePlanets

Generatedby orthographicallyprojectingandtiling semanticmaps(= visualrepresen-
tationsof semanticinformation spacesbasedon a landscapemetaphor),knowledge
planetsallow visualizing massive amountsof textual data.At the time of map gen-
eration,theplanetÕs topologyis determinedby thecontentof theknowledgebase.The
peaksof thevirtual landscapeindicateabundantcoverageonaparticulartopic,whereas
valleys representsparselypopulatedpartsof theinformationspace.

VisIslands,a thematicmappingalgorithmsimilar to SPIREÕs Themescape[3] and
its commercialsuccessorCartia/Aureka,supportsdynamicdocumentclustering[4,5].
Initially, thedocumentsetis pre-clusteredusinghierarchicalagglomerative clustering

5 http://www.digital-web.com/articles/thebig pictureon microformats/
6 http://dopplr.com/
7 http://www.couchsurÞng.com/
8 http://del.icio.us/
9 http://www.ßickr.com/
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[6], randomlydistributing the clustercentroidsin the viewing rectangle.The docu-
mentsbelongingto eachcluster, asdeterminedby the pre-clustering,arethenplaced
in circlesaroundeachcentroid.Thearrangementis Þne-tunedusinga linear iteration
force-directedplacementalgorithmadaptedfrom Chalmers[7]. The result resembles
a contourmapof islands.Fortunately, algorithmsbasedon force modelseasilygen-
eralizeto the knowledgeplanetsÕsphericalgeometries.The IDIOM researchproject
(www.idiom.at)extendsandreÞnestheVisIslandsthematicmappingcomponentto im-
prove throughputandscalability, generatelayeredthematicmaps,andprovide a Web
Map Service(WMS) that serves thesemapsas imagetiles for variousgeobrowsing
platforms.

2.5 Ontology Extension

The needfor controlledvocabulariesand sharedmeaningsuggeststhat ontologies-
sharedconceptualizationswithin a speciÞcdomain[8] - aregoing to play a key role
in managingcontext information. Geo-ontologiesencodegeographicaltermsandse-
mantic relationshipssuchascontainment,overlapandadjacency. Domainontologies
areusedto organizetopicsandto navigatethroughknowledgerepositories.Spatially
awaresearch enginesuse ontologicalknowledgefor querytermexpansionanddisam-
biguation,relevancerankingandWeb resourceannotation[9]. This projectdoesnot
intendto generatea universallyaccepteddomainontology, but to accuratelyrepresent
knowledgecontainedwithin aspeciÞccorpus.Changesin samplecompositionor trends
in mediacoverageinevitably affect thegeneratedontology. This representsapromising
avenuefor comparativestudiesandfutureresearchonontologyevolution.
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Fig. 2. OntologyExtensionSystemArchitecture

Dueto thesheervolumeof data,theuseof ontologiesin largeinformationspacesis
difÞcultwithout anontology extensionsystem thatsuggests conceptsand relationsau-
tomatically. Figure2 presentsa conceptualview of theontologyextensionarchitecture
underlyingtheMediaWatchonClimateChange.
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A smallsetof termsobtainedfrom domainexpertsor known ontologyrepositories
is Þrstselectedasa seedontology. Theseedontologytermsarethenfed into theana-
lyzer, which is distributing theinput to differentpluginsthatprovide evidencesources,
suggestingpromisingnew concepts.Currentlythreeevidencesourcesareconsidered:

1. Co-occurrenceanalysis[10] at both the sentenceand the documentlevel usesa
thresholdbasedontheco-occurrencesigniÞcanceto select20termsonthesentence
and20 termson thedocumentlevel.

2. Trigger Phrases[11] matchingafragmentof text thatindicatesaparticularrelation
betweenterms(e.g.parent-childrelation).

3. The WordNet lexical dictionary[12], which is usedasadditionalevidencesource
afterdisambiguatingtheseedontologyÕs conceptsusingavectorspacemodel.

The generatedtermsare then connectedwith a seedontology via directedweighted
links. Oncethe network is established,a spreadingactivation algorithmidentiÞesthe
mostrelevanttermsandsuggeststheir incorporationinto theseedontologyasdescribed
in Wei etal. [13]. Thenthefollowing heuristicis usedto determinetheir relationto the
conceptsin theseedontology:(i) WordNet,headnounanalysisandadditionalrounds
of spreadingactivation determinethe new conceptsÕpositionwithin the ontology, (ii )
Subsumptionanalysistogether with WordNetandheadnounanalysisidentify the se-
manticrelationÕs type.For termsnot conÞrmedautomatically, domainexpertsarecon-
sulted.Optionallyanotheriterationof spreadingactivationover newly acquiredterms
is triggeredto integrateadditionalconceptsinto theontology. In Figure3, theconceptsÕ
shadingdifferentiatestheseedontologyterms(= lighter shading)from thoseaddedin
severaliterationsof automatedontologylearning.

2.6 Ontology Visualization

Ontologiesretrieved from the ontologyextensionprocessareserializedin OWL and
thenfed into thevisualizationframework. TransformingrelationsannotatedusingreiÞ-
cationandall otherinformationencodedin theserializedversionof theontologyinto
thegraphviz10 descriptionlanguageyieldsanSVG-Þlewith a graphicalrepresentation
of the ontology. The framework extractsthe conceptsÕpositionsfrom the SVG Þles,
whichprovidesthemappingrequiredfor interactionswith theontologyview.

Applying theiterative ontologyextensionprocessto 50 Websitesmirroredin July
2007andcomprisingapproximately80,000documentsyieldedtheWebportalÕsdomain
ontology(seeFigure3). Arrows indicateconÞrmedhierarchicalrelations.The dotted
linesconnectsemanticallyrelatedtermswhoseexacttypeof relationcouldnotbedeter-
minedautomatically. For thesenon-hierarchicalrelations,the (r) valuesindicatetheir
strengthbasedon thelink assignmentÕs spreadingactivationlevel. High valuessuggest
a strongrelation betweenthe concepts,a value of 8 being the maximumdue to the
speciÞcsetupof thespreadingactivationnetwork.

The currentnavigational aid containsunlabeledassociations,only indicating the
strengthof therelationbut not its speciÞctype.TheIDIOM researchprojectis currently
extendingtheunderlyingalgorithmto detectamuchbroadersetof relationtypes

10 http://www.graphviz.org/
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Fig.3. Theextentedontologyusedin theIDIOM MediaWatchprototype

3 Conclusions

Currentapplicationsonly hint at the true potentialof geospatialtechnologyto build
andmaintainvirtual communitiesandto revolutionizetheproduction,distribution and
consumptionof mediaproducts.Automaticallyannotatingcontentfrom heterogeneous
sourcescreatesknowledgerepositoriesspanningmultiple dimensionssuchas space,
time,andsemantics.

Virtual globesimprove theaccessibilityandtransparency of suchcomplex reposi-
tories.Their introductionhaspopularizedtheprocessof ÒannotatingthePlanetÓ[14].
Thisprocessyieldsgeospatiallyreferencedinformation,enablingvirtual globesto map
annotatedcontentunits from varioussources.But geospatialinterfacescanalsoserve
asagenericimagerenderingengineto projectothertypesof imagery.

TheMediaWatchon ClimateChangedemonstrateshow geospatialinterfacescan
beusedto visualizelayeredrepresentationsof thematicmapsanddomainontologiesas
a frontendfor semanticservices.
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