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Abstract

Recentinitiativesto geospatialigital libraries provide accesdo a wealth of distributed
data,but offer only basiclevels of interactvity and userassistanceConsequentlyusers
find it difficult andtime-consumingo browsethroughdatacollectionsandlocatethose
datasetsthat meettheir requirementsThe MetaMz projectaddresseswo of the major
barrierspreventingthe extensive useof digital libraries:lack of usability andinformation
overload.Thisresearciocuseson geospatiatiata,makingit possibleto develop effective
visualizationand interactionmethodsthat are basedon familiar spatialmetaphorsThe
visualizationmethodslevelopedemploy three-dimensiondkchniquesgombiningseveral
characteristic®r dimensionsof metadatanto singlegraphicalviews. As thosevisualiza-
tionsarebasedon mapandlandscapenetaphorsthey areeasyto understanéndprovide
instantoverviews of comple datacharacteristicsThe visualizationmethodshave been
integratedinto MetaMz, aninteractve systemfor browsingandsearchinggeospatiatiata.
In MetaMz, graphicalviews of datacharacteristiceanbe createdandcombineddynami-
cally, levels of detail can be adjustedand the data setsfound can be previewed and
accessedMetaMz helpsusersto locateandselectappropriategeospatiabatafrom vari-
ous sources and to combine and use them infactieé way.



1 Introduction

1.1 Geospatial Data

1.1.1 Types and Use

Geospatiadatacontaininformation aboutthe location, shape,and characteristicof real-world
geographideatures.Therearethreemain typesof geospatiabata,vector data, raster data (see
Fig. 1) andgeoreferenced data. Vectordatastorethe locationandshapeof geographideaturesas
geographicoordinateslines and polygons.Examplesof vectordataaredigitized mapsandroad
databasesRasterdataare basedon a cellular datastructurecomposedf rows and columnsfor
storingimages Groupsof cellswith the samevaluerepresenfeaturesExamplesf rasterdataare
scanned maps and digital satellite images.
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Fig. 1. Vector data and raster data.

Georeferencedatadescribehe characteristicef geographideaturesThey aretypically storedin
atalular formatandlinked to a vectorbasedataset. Examplesof georeferencedataare census

data, linking statisticalalues to census blocks.

Geospatiatlataareusedin a variety of ways.Roaddatabasearethe datasourcefor varioussim-
ple mappingtoolsin the World-Wide Web that provide customizednapsanddriving directions.
RoaddatabasealsosupportGPS-basedarnavigationsystemsin the publicandcommerciakec-
tors, geospatiatiatahave beenusedmuchlongerfor advancedmappingandplanningtasks,such
asregional planningandervironmentalmanagemenfesearclhin earthsciencesandlife sciences
is another field that mak etensie use of geospatial data.

1.1.2 Characteristics and Metadata

Geospatiadatahave complex characteristic®f content,contet, andaccessTo make valid and
effective use of the geospatial data, it is important toAdkand obsens these characteristics.

Content characteristics specify the domain and themewered by a data set.



Context characteristics specify the spatial and temporal costef the data and may include
» the geographic areawered by the data set,
» the time period oeered by the data set,
» data quality properties, e.g. location accyrand
» the scale of the data set.
Access characteristics specify the alid ways to access and use the datayThay include
e access paths to the data set,
« data set formats, e.g., raster aedtor formats,
* the cost of the data set,
» the data set size, and nyasther characteristics.

Metadataarea way of formalizing andstoringthesecharacteristicsUsually, a geospatiabataset
will be accompaniedy a metadataecordin one of a numberof standardsin the US, the best
known of thesestandardss the FederalStandardor Digital GeospatiaMetadata[14], in effect
since 1994. Other standards are used in Europe [9] or are proposals for ISO norms [21].

1.2 Searching Geospatial Data

1.2.1 Geospatial Digital Libraries

Geospatial digital libraries organizelarge repositoriesof geospatiatlataand provide supportfor
searchingandretrieving geospatiatlata.Digital librariesmay containsereralrepositories thatcan
be physically distributedandconnectedver a network. The individual repositoriegypically con-
tain a numberof collections of thematicallyrelateddata.Individual collectionsconsistof spatial

information objects (SIOs),which form thebasicinformationunit [3]. Someexamplesof SIOsare
aerial photographsgector data sets of national park boundaries, and seismic data sets.

Metadataarewidely usedto supportsearchretrieval, transferandevaluationof geospatiatiatain
digital libraries.In additionto the metadat&or individual SIOs, geospatiadigital libraries also
contain metadata for othewids, e.g. collection el metadata.

A well-known exampleof a geospatiatligital library is the AlexandriaSpatialDigital Library [7],
locatedat the University of Californiaat SantaBarbara ADL is a 4-yearresearctprojectwithin
the NSF digital library initiative. Currently the ADL repositoryincludesthefollowing collections

[2]:
» theADL Catalogacollectionof mapsaerialphotographssatellitephotographanddatabases
(300,000+ SIOs),

» the ADL Gazetteera collection of geographic place-names (6,000,000 SIOs),
» the Earthquak Data Collection (300+ SIOs), and
» the \WlIcano Data Collection (1,500+ SIOs).
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Fig. 2. Browsing search results with the Akndria Spatial Digital Library

1.2.2 The Problem: Ineffective Search Process

An interestingfeatureof the ADL is a Java-basedyraphicalsearchinterfacethatcanbe usedover
the World-Wide Weh Userscanselecta geographiaegion of interestin amapbrowser, specifya
collectionname metadataattribute valuesor valuerangesandretrieve alist of matchingSIOs(see
Fig. 2).

ADL containsa detailedmetadataschemaof over 400 attributes.Usersthat searchfor geospatial
datawith very specificcriteriain mind canusethis schemado formulateprecisequeries Theresult
set of these queries will generally be rather small and matching SIOs can be identified quickly

However, usersoftendo not have detailedandspecificcriteriain mind whensearchingor geospa-
tial datasets.Insteadtherearea numberof constraintghat needto be satisfied suchasthe geo-
graphicregion of interestand thematicconstraints The userwould specify theseconstraintsas
searchparametersstartthe query studytheresultsetof the queryto getanoverview of the con-
tentsof the collection, probablyrefine the searchcriteria or add newv ones,startanotherquery
study the ne result set, and so on.

In a nutshell, this search process will be rather repetind irolve the follaving steps:
1. Specify search parameters and start query
2. Browse through result set (reading through a listadfi@s)
3. For promising SIOs read and compare metadata (reading through a &tlex)v
4. Redefine query and staney



If theresultsetof thequeryis large,this searclprocessanbequiteineffective. In mary casesthe
resultsetwill be large (several hundredsof SIOs)or huge (over a thousandSIOs).In the ADL
searchinterface theresultsetwould bedisplayedasalargelist of metadatattribute valuesfor the
individual SIOs (Fig. 2, left window). To browse throughthe result set, the userwould scroll
throughthis list, looking for promising SIOs, identifying them by specificattribute values.For
every promisingSIO, the userwould thenretrieve the completemetadataset(Fig. 2, middle win-
dow) and study the attrilte \alues in detail.

1.2.3 Related Work: Visualizing the Result Set

This searchprocesss ineffective, becausédoth, steps2 and3 involve readingthroughpotentially
large lists of values,comparingthesevaluesandidentifying specificoccurrence®sf values.These
taskscould be mademuch more effective, if the datawas not shown in lists but presentedn a

graphicalform. InformationVisualizationhasbeenusedfor sometime to transformdatasetsinto

imagesthat are easierto interpretfor users.Often, graphicalrepresentationseveal featuresnot

visible in the original tablar displays [5, 31, 35].

Variousresearcherg Information Visualizationhave shavn thatresultsetsof queriesshouldbe
presentedisually [1, 20, 30]. With theTileBars system[19], Hearstshovedthatit is importantto
shaov mary, if possibleall, parameter®f the resultsetsimultaneouslhyand compactly Beard[4]
introducedgraphicalviews of geospatiametadataandarguedthattheseviews shouldfacilitatethe
guick comparisorof individual SIOsin theresultset.Variousexperimentshave shavn thatcom-
putergeneratedBD scenescan be very intuitive and effective settingfor interactingwith digital
libraries[10, 12]. Thesefindings from relatedareasof researchform the basisfor the Meta\iz
project.

1.3 The MetaViz Project

1.3.1 Motivation

Distributeddigital librariesoffer a degreeof informationaccessibilitynever reacheefore.How-
ever, having accesgo large collectionsof datais of little useunlesspeopleare ableto find the
information they needand also know how to useit. Locating, selectingand using information
effectively is especiallydemandingn the caseof geospatiatata,with their manifold characteris
tics of scale,quality, cost,format, andthematiccoverage.Recentinitiativesto geospatialigital
libraries(GDLs) provide accesso awealthof distributeddata,but offer only basiclevels of inter-
activity and user assistance.

Currentsearchinterfacesfor geospatiatiataare mainly list-basedandusershave to go througha
tediousprocesgo find andcomparespatialinformation objects(SIOs). Several stepsin this pro-
cessareineffective becausef the textual representationf metadatanvolved. Researctin infor-

mation visualization provides several clues on how to improve this process.Someimportant
recommendations on presenting result sets are:



» always present the result sets visually
e present as mamattributes of the result sets as possible
 facilitate quick comparison of inddual SIOs

1.3.2 Goals

The MetaMz projectaddresseswo of the major barrierspreventingthe extensive useof digital
libraries: lack of usability andinformationoverload.The researchs focusedon geospatiadata,
makingit possibleto develop effective visualizationandinteractiontechniqueghat are basedon
familiar spatial metaphors Bkmaps, landscapes and city models. The goals of this project are

» To find adequate visualization techniques for spatial metadata.
» To develop interaction metaphors for query result sets in GDLSs.
» To create a GDL inteste for visualizing, bresing, and interacting with query results.

1.3.3 Project Outline

The MetaMz projectis centeredarounda setof visualizationmethodsfor geospatiaimetadata.
Geospatialmetadataare key to browsing and interactionin geospatialdata libraries, as they

describecharacteristicof datasetstypically usedto formulate queries.The visualizationtech-

niguesdevelopedtransformresultsetsof GDL queriesinto a visualform: so-calledresultscenes.
In this transformatiorprocessa numberof mappingsfrom metadataattributesto visual attributes
of theresultsceneareperformedmakingsurethatmetadatattributescanbe processeeffectively

and correctly by the human visual system.

The spatialmetadatavisualizationmethodsare augmentedy a setof interactionmetaphorsand

techniquedor GDL queryresultsets.Theseinteractiontechniquesoperateon the resultscenes.
Specificinteractiontechniquedet usersexplore both detailandcontext of a resultscenecompare
individual SIOs dectively, or use the result scene to refine the query

Both, the metadatavisualizationandinteractionmethodsareintegratedinto aninteractve system
for browsingandsearchinggeospatiatiata.ln this interactve systemgraphicalviews of datachar-
acteristiccanbe createdandcombineddynamicallyandthe datasetsfound canbe previewedand
accessed.

2 Geospatial Metadata Visualization

2.1 Visualization Paradigm

The geospatiametadatavisualizationtechniquesievelopedtransformresultsetsof GDL queries
into a visualform: so-calledresult scenes. In this transformatiorprocessa numberof mappings
from metadataattributesto visual attributesof the resultsceneare performed.Thesemappings



make surethat metadataattributescanbe processee@ffectively andcorrectlyby the humanvisual
system [5, 13, 22, 28].

Geographicspaceis mappedo the xy planeof the resultscene sincethis is both a naturalanda
very effective mapping.lt is natural,becausé preseresthefamiliarlandscap@r mapmetaphors
thatmale it easyfor usersto spatiallyorientthemselesin theresultsceneThe positionin the xy
planeis alsothe mosteffective visual variableto encodeguantitatve data[5]. Encodingthe geo-
graphiccontect of geospatiatiataeffectively is important,becausét is the mostimportantsearch
criterion for users [32].

Temporalattributesof the metadatarepreferablymappedo thez planeof theresultsceneThisis
alsoan effective mapping reflectingthefactthatusersratethetemporalcontect of geospatiatlata
as the second most important search criterion.

Quantitatve attributesof the metadataaremappedo colorintensityand/orhue.Color intensityis
the mosteffective visualvariablefor quantitatve attributessuchascostandsize.Color hueis also
very effective, if the successiomf huesis perceved asnatural[8, 29, 36]. The“hot iron” andthe
“spectrum” scales used in theagnple visualization are fefctive for quantitatie data.

Catagyorical attributesof the metadatae.g.datasetformats,arealways mappedo differentcolor
hues.

2.2 Test Data

The metadataisedin the examplevisualizationshasbeenextractedfrom the California Environ-
mentallnformationCatalog[10] andvariousothersourceg15]. Metadataattributescoveredin the
visualizations are:

» Geographic Region - the boundingbox of the Spatiallnformation Object(SIO) described.
(Metadatarecordsthatdefinea boundingbox largerthana certainthresholdor no bounding
box at all are not shan.)

» TimePeriod - the period ceered by the SIO
* Publication Date - the date the SIO as originally published

» Update Frequency - continually, daily, weekly, monthly, annually, biannually, as needed, ir-
regular, or, none planned

e Sze- the size of the SIO in rgabytes
e Scale - the map scale, e.g., 1:24,000



2.3 Surface Plots

Fig. 3

Technique:
Surface Plot

Attributes:
Number of SOs:
mapped to height and color

Examiningtheresultsetof a searchpneof the basictasksis to getanoverview of the spatialdis-
tribution of SIOsmatchingthe search A surfaceplot givessuchan overvien, mappingthe abso-
lute numberof SIOscoveringa pointontheplaneto boththe heightof the surfaceabore this point
andto thesurfacecolor. In Fig. 3, two differentviews of thesamesurfaceplot areshovn, onefrom

above, andonefrom the southside of the planelooking north. The surfaceplot makesit easyto

identify several generalpropertiesof the resultsets geographidistribution: thereare four geo-
graphicareaswith a high densityof SIOsin this search:GreaterSanDiego, the Monterey Bay,

Lake Tahoeandthe SanFranciscdBay. Otherareassuchasthe Mojave Desertarenot coveredat
all. Locatingtheseareass madeeasyby renderinghe surfacetransparentlyn areferencenapas
a backdrop.



2.4 Box Piles

Fig. 4

Technique:
Box Pile

Attributes:
Geographic Region

Surfaceplots shav the spatial distribution of SIOs but give little information aboutthe spatial
extentof individual S10s. A techniquethat portraysthe numerousnessf SIOsat certainregions
but alsoshaws the spatialextentof eachsingle SIO is a box pile (seeFig. 4). In this visualization
method,eachSIO is representedby a flat box. The x andy sizeand position of the boxescorre-
spondto the geographicregion attribute. Boxes that would overlapin the xy plane are simply
stacled on top of each other

In box pilesthe color of theindividual boxescanbe usedto mapanothemetadatattribute. Fig. 5
mapsthe publicationdateto the box color; a logarithmic scalehasbeenused.Fig. 6 mapsthe
updatefrequeng, a cateyorical attribute, to the box color. The plots make it easy for example,to
identify areas with SIOs that are recent or thaetahigh update frequenc
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Fig. 5

Technique:
Box Pile

Attributes:
Geographic Region
Publication Date:

box color

Fig. 6

Technique:
Box Pile

Attributes:
Geographic Region
Update Frequency:

box color




2.5 Temporal Box Plots

Fig. 7

Technique:
Temporal Box Plot

Attributes:
Geographic Region
End of Time Period:
vertical box position and
box color

Thebox pile techniquestacksboxeson top of eachotherto preventthemfrom overlapping.Thus,
thevertical positionsof the boxesareassignedandomly Temporalbox plotsusethe vertical posi-
tion in a differentway: to expressoneof the temporalattributesof the SIOs.In Fig. 7, the endof
the time period of the SIO is mapped to tleetical position.

A problemwith thetemporalbox plotsis thatboxescanoverlap.Eventhoughthe box materialis
transparent, some bex may be obstructed or barely visible.

Again, the color of the boxescanbe usedto expressan additionalattribute. In Fig. 8 the scaleof
the SIO is mapped to the cald@ihose SIOs that do notvethe scale attrilie are shwn in gray

2.6 Space Time Plots

In the TemporalBox Plotsabove only pointsin time canbe mappedSpaceTime Plotsareagener-
alizationof thattechniquealsopermittingtime periodsto be mappedHeretheboxesarenolonger
uniformin height;insteadthe heightcorresponds$o aduration.Fig. 9 shavs a TemporalBox Plot
of searclresultset.Examiningthe scenan 3D makesthetemporalcharacteristicef the SIOsvis-
ible, e.g., those SIOs can be identified thatca \ery long period in time.
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Fig. 8

Technique:
Temporal Box Plot

Attributes:
Geographic Region
oaeoms End of Time Period:
vertical box position
Scale:
box color

Fig. 9

Technique:
Space Time Plot

Attributes:
Geographic Region
Time Period:
vertical box position and
size
Sart of Time Period:
box color
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Fig. 10

Technique:
Space ime Plot

Attributes:
Geographic Region
Time Period:
vertical box position and
size
Sze (MB):
box color

0.0950

0.4

As in theothervisualizationtechniquesthe color of theboxescanbe usedto expressanadditional
attribute. In Fig. 10 the scaleof the SIO is mappedo the color. ThoseSIOsthatdo not have the
scale attribte are shon in gray

2.7 Glyph Plots

A shortcomingwith both,temporalbox plotsandspacdime plotsis thatboxescanoverlap.Some
boxes may be obstructedor barelyvisible. It canbe especiallyhardto spotthe numerousnessf
SIOs that hee identical bounding b@s and time periods.

Glyph plots avoid this shortcomingoy mappinga compact‘glyph” (simply a spheran the exam-
ple visualizations)at or nearthe centersof the SIO boundingboxes.|If two boundingbox centers
areidentical one of the glyphswill be slightly displacedin the scene.The areaof the bounding
boxes can be mapped to the glyph size and/or color

Fig. 11 shawvs a glyph plot of aresultsetwhereglyph sizeandcolor correspondo the geographi-
cal areacoveredby the SIOsandthe vertical glyph position correspondgo the end of the time
period coered. In Figl2, the glyph color slves an additional attrilte, the size of the SIO.
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Fig. 11

Technique:
Glyph Plot

Attributes:

Center of Geographic Re-

gion:
glyph position

Area of Geographic Region:
glyph size and color

End of Time Period:
vertical glyph position

Fig. 12

Technique:
Glyph Plot

Attributes:
Center of Geographic Re-
gion:
glyph position
Area of Geographic Region:
glyph size
End of Time Period:
vertical glyph position
0.014 Sze (MB):
glyph color

0.0850
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2.8 Aggregation Plots

Glyph plots canshow a large numberof SIO attributessimultaneoushandthereforegive a com-
pactoverview of the characteristicof the result set. However, they can get crovded whenthe
resultsetsarevery large. They alsodo not shawv the exactspatialextentof eachSIO but only map
the geographical areav@red to the glyph size.

A wayto reducehe numberof glyphsin aresultscenes to showv only asingleglyph for anumber
of differentSIOsthathave very similar characteristicsAggregation plots (seeFig. 15 on pagel6)

aggreateall SIOsof aresultsetthatcover the samegeographiareaandtime span(plus/minusa
smalldelta)andthathave the samevaluesfor all otherattributesshovn in thescenge.g.,thesame
publicationdatesin Fig. 15). Aggregation plots usetwo differenttypesof glyphs:cubesfor indi-

vidual SIOsandspheredor aggregiatedSIOs.The sizeof the spherds proportionalto the number
of SIOsaggreyatedin one glyph. Aggregation plot glyphsalsousethin linesto shav the exact
width and height of the geographic areaered.

3 MetaViz

MetaMz is an experimental systemfor searchingand browsing geospatialdigital libraries.
MetaMz is basedon the geospatiametadatavisualizationmethodspresentedn chapter2. It aug-
mentsthesemethodswith dynamicinteractiontechniquedor the resultsets.Specificinteraction
techniguedet usersexplore both detail and context of a resultscene,compareindividual SIOs
effectively, or usethe resultsceneto refinethe query MetaMiz alsoprovidesa userinterfacefor
specifying GDL queries.

Query

Interface G U I
Data

Initial Presentation? ¢ Inter- #Query Access

uery action g Refinement

Result Set

Query P~ Metadata
Engine  |ag Visualizer NETWORK
Modified Query
Geospatial I=
——
[[ Geodata
Repository

Metadata

Fig. 13: MetaMz architecture.
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Fig. 14: MetaViz: spatial query window.

3.1 Architecture and Implementation Notes

Fig. 13 shows the architecture of MetaViz. At its core the system has a database of geospatial
metadata and a query engine on top of it. Users can specify queriesin the graphical query interface
which isimbedded into the GUI. To specify the geospatial constraints of the query, MetaViz offers
amap interface (Fig. 14), other constraint types offered are temporal constraints (time period, pub-
lication date, metadata date), thematic constraints (collection name, themes, keywords), size,
scale, and format. Once the query has been started, the query engine creates the result set metadata
and hands it over to the metadata visualizer. The visualizer transforms the metadata into a three-
dimensional graphic representation, the result scene. A 3D viewer window in the GUI renders the
result scene and lets users interact with it (see Fig. 15). Once the user decides to access one of the
SIOsin the result scene, a network connection to the geospatial data repository is created and the
SlOisretrieved and displayed.

MetaViz is a Java 2 application that makes use of the Java 3D extension. The geospatial metadata
is stored in an mSQL database and accessed through the JDBC interface.

3.2 Interacting with the Result Set

3.2.1 Navigation and Selection

MetaViz offers several ways of interaction with the result set. The most basic interaction technique
is navigation. Users can examine the scene by modifying the viewing parameters, rotating the
scene, etc. In addition to this basic viewer navigation, users can also select one of the glyphs or
boxes of aresult scene to display awindow listing all the attributes of the corresponding SIO (see
Fig. 16). Both, the result scene window and the attributes window offer hyperlinks that can be fol-
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Fig. 15: MetaMiz: result set.

lowed to modify parameter®f the visualization.Following one of the iconsin the resultscene
window triggersthe generatiorof a new resultscenewith a differentvisualizationtechniqueor
color mapbeingused.Following oneof the attribute namehyperlinkstriggersthe generatiorof a
new result scene that maps the atitito a visual ariable, e.g. color

3.2.2 Keyword Searches

Following oneof the keyword hyperlinksin theattributewindow triggersa new queryfor this key-
word. For multiple keyword searchesMetaViz computesa scorefunction for eachSIO in the
resultsetandmapsthis functionto a visualvariable,e.g.color. Fig. 17 shavs an exampleof such
aresultsetwith ascorefunction. Thekeyword searchthatleadto thisresultsetwas“boundaryOR
wildlife ORrefugeOR bay”. MatchingSIOswerefoundall over the US but the scorewassignifi-
cantly higher for SIOs in the MeEngland states.
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Ceres:IROS75

GeographicRegion ||[-119.6848,537.4933-119.1851,38.18586 ]

TirmePeriod [ 1985-01-01 1895-12-31 ]

PublicationDate [H] |1996-01-01

MetadataDate [H] || 1988-08-09

Scale [H]
SizeMB [H] 1.7

UpdateFrequency 1

Farmat ARC/ANFO Export

Title Yosemite National Park Wilderness Boundary
Keywords boundary; park

Themes Wilderness areas

Fig. 16: MetaViz: SIO attributes.

Fig. 17: MetaViz: Result Set for Keyword Search
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3.2.3 Geographical Zoom

An importantinteractiontechniquefor resultsetsis the geographicakoom function. Userscan
selectapointonthebasemapandzoomin or zoomout aroundthis point. In generathiswill trig-
geranew querywith a different(smallerresp.larger) geographiaegion of interest.For aggrea-
tion plotsthis will generallyresultin fewer SIOsbeingaggrgated(andconsequentlynoredetail
beingshavn) for zoomin andin more Sl0Osbeingaggraated(lessdetail beingshovn) for zoom
out.

4 Discussion

4.1 Summary

Distributed digital libraries promisea level of information accessibilitynever reachedbefore.
However, having accesgo large collectionsof datais of little useunlesspeoplearein a positionto

find theinformationthey needandalsoknow how to useit. Locating,selectingandusinginforma-
tion effectively is especiallydemandingn the caseof geospatiatlata,with their manifold charac-
teristicsof scale,quality, cost,format, andthematiccoverage Recentinitiativesto spatialdigital

librariesprovide accesgo a wealthof distributeddata,but offer only crudelevels of interactvity

and userassistanceConsequentlyusersfind it difficult and time-consumingo browse through
data collections and locate those data sets that meet their requirements.

This projectaddresseswo of the major barrierspreventingthe extensie useof digital libraries:
lack of usabilityandinformationoverload.Theresearctwasfocusedon geospatiatiata,makingit
possibleto develop effective visualizationand interactiontechniqueghat are basedon familiar
spatial metaphors likmaps, landscapes and city models.

In thefirst phaseof the projecta setof visualizationmethodgor spatialmetadatdave beendevel-
oped.Spatialmetadataare a key to browsing andinteractionin geospatiadatalibraries,asthey
describecharacteristicef datasetstypically usedto formulatequeries. Employing three-dimen-
sionalvisualizationtechnigquesseveral characteristicer dimension®f metadataanbe combined
into single graphicalviews. As thosevisualizationsare basedon map andlandscapemetaphors,
they are easy to understand andyide instant gerviews of compl& data characteristics.

In the secondprojectphasethesemetadatavisualizationmethodswvereintegratedinto aninterac-
tive systemfor browsingandsearchinggeospatiatlata.In this interactve systemgraphicalviews
of datacharacteristiceanbe createdand combineddynamicallyandthe datasetsfound canbe
previewed and accessed.

4.2 Conclusions and Further Work

Meta\iz is an experimentalsystemthat demonstratethe useof information visualizationtech-
niquesto interactwith resultsetsof geospatiadatasearchesMeta\iz offers usersof geospatial
digital librariesa graphicalview of searchresultsets.Comparedo traditional,list-basedpresenta-
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tion of resultsets,graphicalviews make it mucheasieno gain a quick overview over the results,
takinginto accounimary differentattributesof the SIOs.Othertasksareeasietto performvisually
aswell, suchasthe comparisorof attributesfor SIOs,detectionof patternsn the SIO distribution,
or the identification of promising candidates for more detailed inspection.

An interestingareafor furtherresearctwould be a detailedusability evaluationof graphicalinter-

facesto resultsets,suchas MetaMiz, in comparisonto list-basedinterfaces,suchasthe current
ADL interface.A numberof psychologicatestscould be devised,wherethe performancdspeed,
accuray) achieved with both interfaceswould be measurecand comparedfor a numberof test
users.

Therearemary waysof extendingthe system poth by integratingnew visualizationmethodsand
by developing other interactiontechniques.In the current state, temporal attributes are only
mappedo two of thevisualvariables the vertical positionand/orthe color of glyphs.Othermap-
pingsmightinvolve animatingthe resultsceneor usingfurthervisualvariableq25, 27]. Non-spa-
tial visualizations(wherethe geographicspaceis not mappedto the xy planeof the result set)
should also be supported when the other atiegof the SIOs are more important to the.user

Navigation in the result scenecould be improved by providing a directed-flight option and
dynamicglyphs.With the directed-flightoption, userscould click on oneof the glyphsto starta
smoothflight that takesthemcloseto the glyph to shaw its neighborhoodn detail. Aggregation
glyphs could also be madedynamicin a way that they automaticallyexpandto the individual
glyphs (to a higher ieel of detail) as users e close to them.
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