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Abstract

While methodsfor seaching large digital libraries have
experiencedremendougmprovementsecentlyinterfacesto
sud collectionsstill havea far wayto go. Mostinterfacesto
digital libr ariespresenthemselveasvariousformsof sorted
lists, providing metadatainformation on the documentsn
textual form. This prohibitsintuitive undesstandingof docu-
mentarchivesor websearch results.In this paperwe present
thelibViewer, a Java-basediserinterfaceto digital libraries
using metaphorgraphicsto display information on the el-
ementsn a digital library in an intuitively undestandable
way Metadataon digital librariesbasedon the Dublin Core
Initiative is mappedonto a setof metaphosto allow instant
recaynition andorientationin an unknowndocumentollec-
tion, facilitating interactiveretrieval and exploration.

Keywords: InformationVisualization WWeb-based.ibrary
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1. Introduction

Whenenteringalibrary or large-scaléook store,in spite
of the overwhelmingamountof informationpresentin such
locationsusersusuallymanageo orientthemselesandfind
thewayto their sectionof interestquite easily Withoutbeing
ableto readthetitle of booksfrom thefardistancenotknow-
ing actuallywhereto find abookby a specificauthoror even
without knowing a title or an authorof a book, most peo-
ple areableto locatethe correspondindibrary sectionwhen
lookingfor adictionary apoemcollectionor astorybookfor
children.Oncethey foundthe correspondinghele, by scan-
ning the bookssortedthere, it is usuallyeasyfor themto tell
the ageof a book, the numberof timesit hasbeenusedbe-
fore (atleastin apubliclibrary ratherthanin abookstore)as
well asthe amountandtype of informationto be expectedn
thebookssimply by looking atthem.The cover of the book,
thetitle, typeof binding,the shapeof the binding (brandnew
versuswell-usedandalmosttorn apart),the sizeof the book,
color and other propertiesof an item on the shehe contain
a wealthof informationthat mostpeopleare accustomedo
andableto interpretintuitively. Thusit is easyfor usto gain
anintuitive overview of the contentsof alibrary andthetype
of informationpresent.

Takingalook atthe emegingfield of digital libraries,we

are facedwith a someavhat different situation. While there
are collectionsof digital dataof almostoverwhelmingsize,
representationf thosecollectionsfails to transportevenpart
of theinformationin anintuitively understandablevay. Re-
searchhasfocusedon searchingandretrieval of information
from suchcollections. However, the representationf these
searclresultsis usuallylimited to rankedlists, giving the ti-
tle, the author dateof last modificationandwhatever meta-
informationthereis available leaving theusemwith alonglist
of text to readandto interpret.

In this paperwe amgue in favor of the utilization of
metaphorgraphicsfor the representatiof digital informa-
tion to allow the userto get an instantoverview of the in-
formationavailable.Insteadof listing the meta-datasa tex-
tual descriptionof the entriesin a digital collection,we use
metaphorgraphicsto visualizethis informationin an intu-
itively interpretablewvay. We presenthe libViewer, a Java-
basedinterfacefor a digital library. It allows WWW-based
accessto documentcollectionsbasedon the Dublin Core
Metadatalnitiative for digital libraries. Metadataattributes
are mappedonto a setof metaphorgo allow instantrecog-
nition and orientationin an unknavn documentcollection.
Differenttypesof documentsrangingfrom books,journals
andtechnicalreportsto audioandvideo items are depicted
asdifferenttypesof books,foldersandboxes,with the size
of thedocumenbeingencodedfor example,in thethickness
of the book, or languageasthe color of the binding. Using
theseand a set of further metaphorsallows us to view, un-
derstandandinterpreta digital collectiontheway we interact
with corventionalcollections,incorporatinghewealthof in-
formationpresenin the physicalappearancef documents.

The remainderof this paperis organizedas follows. In
Section2 we give a brief review of work onlibrary represen-
tationandinteractionwith digital documentollections.The
setof metadataattributesfor digital libraries as definedby
the Dublin Core Metadatalnitiative and somerelatedmeta-
dataprojectsarepresentedn Section3. Next, Section4 de-
scribesa set of metaphorsencounteredn corventionalli-
braries,which can be usedas graphicalrepresentationfor
the metadateof digital libraries. The libViewer interfaceis
presentedn Section5, demonstratinghe benefitsof visual-
izing metadataisinggraphicalmetaphorsfollowedby some
conclusionsn Section6.



2. Library Representation

With the massve increaseof the amountof information
available in digital form, sophisticatedmethodsfor deal-
ing and interactingwith electronicinformation repositories
weredeveloped.Researchn InformationRetrieval (IR) has
produceda numberof systemsallowing, apartfrom mere
databassearchefor tittesandauthors’namesfull text scan-
ning of large text corpora,retrieving documentson specific
topicsor describingspecialconceptg3, 4, 15].

While mostof thesemethodsallow the selectionof a sub-
setof entriesof a digital library, we are still left with the
problemof (a) identifying thoseitems of interestfrom the
sometimesstill hugesubsetof itemsreturnedby searchen-
ginesand (b) locating relevant information when no (more
detailed)query canbe identified assuch.This problemcan
bedescribecasdocumentrchive browsingor archive explo-
rationasopposedo documentetrieval. In orderto beableto
browsea collectionof documentsve needit to bevisualized
in awaythatallows usto getaninstantoverview of theinfor-
mationpresentThis necessityof anenhancedibrary repre-
sentatiorhasbeenaddresseth a numberof projects,trying
to provide corvenientaccesdo digital documentollections.

Oneof thefirst applicationsof metaphorsn the digital li-
braryarenais reportedin the Bookhouseproject[10], where
a documentdatabases represente@sa storehouseonsist-
ing of differentrooms.A numberof searchstratgiescanbe
followed,whichin turnareindicatedby variousimagessuch
asaclockto searchy thetime dimensionaglobefor search
by geographidocationof booksetc.

A setof variousvisualizationtechniquedor information
retrieval andinformationrepresentatiopurposesvasdevel-
opedat Xerox PARC aspartof the InformationVisualization
Project[14]. Informationis depictedn a3-dimensionaspace
with thefocusbeingon theamountof informationbeingvis-
ible atonetime andaneasilyunderstandableay of moving
throughlargeinformationspaces.

To overcomethe basiclimitations of the one-dimensional
ranked-listrepresentationsf mostsearchengineswe devel-
opedthe SOMLib system[9, 13], a 2-dimensionamapdis-
play which automaticallyorganizesa set of documentsby
their contents.The self-organizingmap (SOM) [6], a popu-
lar unsupervisedeuralnetwork model,is usedto producea
content-basedocumentclustering.This approachhasbeen
usedn anumberof otherprojectsfor documentlassification
sofar[5, 7, 8]. A web-basednterfaceallows the interactve
explorationof documentswith thespatialorganizatiorof the
collectionallowing documentson similar topicsto be found
closeto eachother This capabilitymakesthe SOMLibrepre-
sentatiormparticularlyusefulin digital library exploration.

At the CNAM library, avirtual reality systemis beingde-
signedfor the visualizationof the antiquarianSartiauxCol-
lection[2], wherethe binding of eachbookis beingscanned
andmappednto a virtual 3-dimensionalibrary to allow the

userto experiencethelibrary asrealisticallyaspossible.

While all of thesemethodsaddressone or the other as-
pectof documentlibrary andinformation spacevisualiza-
tion, noneof theseprovidesthe wealth of information pre-
sentedby a physical objectin a library, be it a hardcwer
book, a paperbaclor a video tape,with all the information
thatcanbeintuitively told from its very looks.

What we would like to have is a way to representhe
meta-informationthat is available for documentsn a digi-
tal library andthatis importantfor understandinghe charac-
teristicsof the documentsn way thatis intuitively graspable.
CombiningaWWW-basedyraphicakrepresentationf adoc-
umentcollectionwith the automaticspatial organizationof
theSOMLibsystemsdocumentlusteringcapabilitiesallows
alibrary to be percevedsimilar to a corventionalreal-world
library via ary standardvebbrowset

3. Metadata for Digital Libraries

In orderto beableto provide additionalinformationabout
theentriesin alibrary, metadatas usedto describethe vari-
ousitems. In corventionallibrarieswe oftenfind separatdi-
brary cataloguegor thesevariousmetadataattributes,listing
booksby title, author topic andsoon. In thefield of digital
libraries,ahugenumberof initiativesdealswith the develop-
mentof metadatatandardgor digital collections.

As oneof the olderexamplesof suchmetadatalefinitions
for documentsve mightconsiderthe BibTeX system14 dif-
ferenttypesof documentsare describedby a setof 24 at-
tributes,providing awide rangeof metadatan aratherflexi-
ble way.

One of the most extensive metadataformatsis MARC
(MachineReadableCatalogug-ormat), which originatedin
the 1960's asmeanf exchangingdibrary cataloguaecords.
It hasevolvedinto a numberof derivative standarddik e the
USMARC in the United StatesUNIMARC for international
library dataexchangeetc. It providesa highly complex set
of attributesfor describingdocumentsandit is highly de-
velopedfor bibliographicandbibliographic-like data.Albeit,
dueto its compleity, the creationof correctMARC records
requirestrainedspecialistslimiting its applicationto profes-
sionallibrary organizations.

Oneof the mostpromisingstandarddgor digital libraries
is themetadataetdevelopedby the Dublin Core(DC) Meta-
datalnitiative (http://purl.oclc.og/dc/).It consistsof a setof
15 basicattributesusedto describadigital documentswWhile
the exact specificationof someattributesis not yet defined,
theattributesassuchhave beenagreeduponandarenow be-
ing usedin a numberof projectsto describeanything from
webpageso digital archives.Dueto spaceconsiderationsve
hereonly provide the mostrelevantDC attributes:

e Title: Thenameof aresource.
e Authoror Creator:The persoror organizatiorprimarily
responsiblgor creatingthe intellectual contentof the



resource.

e Publisher: The entity responsiblefor making the re-
sourceavailablein its presenform.

o Date:Thedatetheresourcevasmadeavailable.

e ResourceType: The category of the resourcesuchas
home page,novel, poem,working paper technicalre-
port, essaydictionary

o Format:Thedataformatof theresourceusedo identify
thesoftwareandpossiblyhardwarethatmightbeneeded
to displayor operateheresource.

e Resourcddentifier: String or numberusedto uniquely
identify theresourceExampledor networkedresources
includeURLs, URNsor ISBN

¢ LanguagelLanguageof the contentof theresource.

Due to its simplicity combinedwith its richness,the
Dublin Coreattribute setseemsto be a promisingmetadata
definitionfor digital libraries.

To provide furtherimportantinformationto the userof a
digital library, allowing herto judgetherelevanceof adocu-
mentby its meregraphicalrepresentationwe addeda num-
berof additionalattributesto the DC metadatdollowing the
DC recommendation®r attributesetextensionsThisallows
to accommodaténformationaccumulatediuring the opera-
tion of a digital library. The additionalattributesare

e TimesReferencedThe numberof timesaresourcevas
beingreferencedi.e. beinglookedatandused.

e LastTime ReferencedThe datewhentheresourcevas
referencedor thelasttime.

e Location:Locationof the resourcdn a grid-like book-
shele basedon e.g.the spatialclusteringof documents
providedby the SOMLibsystem.

e Size:Sizein termsof pager bytesstoragespace.

e Bookmark:A flagindicatingwhetherandwhich type of
bookmark(color) is attachedo thisresource.

4. Information Space M etaphors

In orderto be ableto visualize the metadatgpresentin
ary digital library metadataattribute setwe needto identify
a setof metaphorghatare well understoody beingeasily
identifyableand relating to propertiesknown from the real
world. Metaphorsshould(a) labeltheresourcesothatthey
becomeintuitively graspable(b) measurghem,i.e. provide
guantitatve information, (c) represenbr imitate reality and
(d) enlivenor decoratahelibrary representatiofiLl 7]. Based
onthesepremisesve identifieda setof metaphorgo visual-
ize the variousmetadatattributesin alibrary setting,where
the mappingof attributesto metaphorseedsto be flexible
enougho allow personalizatiownf theresultingvisualization.
Amongthe metaphorsdentifiedwe find:

e Representatioiype: Eachpieceof work in adigital li-
braryneedsaphysicalrepresentatiom setof templates

is definedto represené.g.hardcaverbooks paperbacks,
binders,manuscriptshoxes for audio, video and soft-
warecomponent®r links to otherlibrariesto provide a
realisticvisualizationof library resources.
Color: Color, beingaverydominantfeature canbeused
to represena variety of attributesin a very distinguish-
ing way, suchaslanguagepublicationseriesgenretop-
ical classificatioretc.
Size:Theamountof informationavailablein a book or
magazinas intuitively judgedfrom thesizeof the phys-
ical object,e.g.thenumberof pages.
e Format:Formatcorveys, next to thetypeof adocument,
a lot of information on the genreof a document,con-
sidering,for example,oversizeformatbookssuchasan
atlasor artcollectionbooksvs. smallpaperbacks.
Logo: Whenbrowsing a library, onerecognizeghe lo-
gos of well-known publishers,associatingthem with
specialtypesof publications.Thus,while makingtheli-
brary representatiotook morerealisticandratherdec-
oratingte books,a lot of informationcanbe corveyed
usingacompaly logo.
Text: Although the amountof text found on the spine
usuallyis limited to a few words, a walth of informa-
tion is provided by boththetext, suchastitle or authors
listing, aswell asthe type of text representationljke
differentfontsor font colors.
New Book: Booksandotheritemsthathave beenadded
to a collection only recentlyusually can be identified
atlarge distanceby their somevhatshiniercolor. Thus,
glareeffectsandreflectionscanbeusedto highlightcer
tain entriesin acollection.
UsedBooks: Contraryto recentlyaddeditems, books
thathave beenin a collectionfor along time andwhich
are being consultedfrequentlyshav somesignsof in-
tensie usageby crippled,well-thumbedbindingsetc.
Dust:Whereastemsin alibrary thatarefrequentlycon-
sultedtendto remainrather’clean’, dustusuallysettles
onbooksthathave notbeenreferencedor alongtime.
Bookmarks:Similar to corventionalbookswe canuse
bookmarksof differentcolorsto markbooks.
Shele Position:Whentaking alook at booksheleswe
find, that booksthat are being usedfrequently usually
are not neatly alignedwith all the otherbooksnearby
but rathertendto standout. In termsof queryprocess-
ing, this metaphomaybe usedto indicatetherelevance
of aresourcewith respecto a specificquery
e Location:Similarto corventionallibraries,resourcesn
identicaltopicsshouldbe locatednext to eachothetr

Basedonthesametaphorsve candefineasetof mappings
of metadatattributesto bevisualized,allowing the easyun-
derstandingf documentssimilarto Chernof facesfor mul-
tidimensionalspacerepresentatioril]. However, greatcare



mustbe takenin the selectionanddefinition of thesemulti-
functionalelementssothatthe encodingsanbe broken by
every user avoiding the creationof graphicalpuzzleq16].

5. libViewer: Visualizing M etadata

ThelibViewer! is aUserInterfaceto adigital library using
Dublin Corebasedmetadatalescriptionslt is implemented
asa Jasa-Appletallowing the simple representatiorf and
interactionwith documentrchivesvia the World Wide Weh
In its currentversionthe metaphorsdentifiedabove areim-
plementedo allow aflexible mappingof metadataattributes
to graphicalrepresentations orderto bestsuit the require-
mentsof the useraswell asthe resourcegpresentn the li-
brary. Thus,anumberof mappingsanbedefinedo optimize
the representatiorior the requirementof a digital library,
rangingfrom a ratherrealisticrepresentationf the itemsin
the library to a more abstractone designedfor specialex-
plorationpurposesA setof 2 shelesis usedto displaythe
booksin alibrary setting.By defaultthe itemsin thelibrary
are put on the shele in the orderthey are provided by the
library system|isting thetitles of thebooksasshele labels.
Usedin connectionwith the SOMLib documentclustering
system[12], labelsautomaticallyextractedusingthe Label-
SOMmethod[11] canbeusedto describethe contentsof the
variousdocumentsn a specificdocumentlusteri.e. shehe.

Figure 1 providesa samplerepresentatiomnf a digital li-
brarycontaininganumberof books technicalreports papers
andmultimediaresourcegaswell ashypertet links. Thevar-
iousdocumentypescanbeeasilyidentified like,e.g.thelib-
ViewerandsomMewertechnicalreportsin greenbindersthe
4 different Langenscheidtictionariesas yellow hardcwer
booksor variouspaperbackookspublishedby e.g.Springer
They are createdby assigningeachresourcetype a corre-
spondingdocumenttype representationin the given exam-
ple, both journal papersas well as conferencepapersare
mappedonto the paperrepresentatiometaphor The differ-
encebetweenconferenceand journal paperss indicatedby
their colorwith thelatterappearingn adarker colorthanthe
white conferencepapers.Technicalreportsas well as doc-
umentationsare mappedto the binder metaphorwith their
subdvisionin this particularmappingbeingindicatedby dif-
ferentverticalsizesof thebinders.Thus,thehierarchyof doc-
umenttypesdefinedin the DC metadataanbe mappednto
ahierarchyof metaphoricatepresentations.

Further attributes are mapped in a similar fashion,
e.g.having thelogo identify the publisherof a bookif a cor-
respondingogo is available (e.g. Springer Langenscheidt,
Vieweg), or having the thicknessof the binding represent
the size of the underlyingresourceasfor the differentLan-
genscheidDictionaries Anotherstraight-fornardmappings
provided by the degreeto which dust hasaccumulatedn
the back of the books,rangingfrom a few dustparticlesto

LA prototypeof thelibViewer is availableat http:/mwwwifs.tuwien.ac.at/ifs/research/ir/litiver
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Figure 1. libViewer: Visualizing metadata of documents in a digital library

a spiderweb covering half of a book that hasnot beenref-
erencedor alongtime, asit is the casefor the secondbook
in the lower shehe. On the otherhand,the lastbookin the
lower shehe is clearly identified as being frequentlyrefer
enceddueto its ratherdistorted well-thumbedbinding indi-
catingits frequentuse.Furthermoresomebookslik e thefirst
onein theupperandlower shele aswell asmostbindersare
not alignedwith the backsof all the otherbooks,indicating
that they have beenrecentlyusedand not beenput backin
placeappropriatelymakingthemstandoutfrom all the other
booksandthuspromotingeasierre-usage’ Contraryto that,
somebookslike the third in the uppershele or the second
in the lower shele have beenpushedarinto the backof the
sheles due to not having beenreferencedrecently Albeit
hardlynoticablein theprintedrepresentationye find a high-
lighting glarein thefirst bookin the uppershele, indicating
thefactthatit wasaddedo thelibrary only recently

In orderto producea realistic visualization,a more so-
phisticatednappingof metadatattributesto metaphorsvas
specifiedfor someattributesin this library representation.
Apart from the simple one-to-onemappingslike resource
type to representatiotype, resourcesize to representation
sizeandpublisherto logo, we chosea combinedmappingof
documentype andpublisherto e.g.definethe color of some
booksin thelibrary, suchasthe LangenscheidDictionaries,
which have a yellow bindingin the realworld. Anotherex-
ample,in which casetheresourceype definesboththe doc-
umenttype aswell asthe color, is representedy the mas-
tertheseswhich, apartfrom beinghardcwer books,usually
canbe easilyidentified by their black color andthe logo of
the University of Technologybeinglistedasthe publisher

Pleasenote, that, althoughpossible,it is not the goal of
this systemto represent library asrealisticallyaspossible
in termsof makingall bookslook lik e their realworld coun-
terparts.Rather we wantto createa metaphoricatepresen-
tation which is optimizedfor exploration and intuitive un-
derstandingf documentollectionsor searctresults.These
mappingscandiffer for the specificinformationand explo-
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Figure 2. libViewer: Digital library representation sorted by resource type.

rationneedsaswell asfor differentinformationrepositories.
Thus,the mappingdescribedn this exampleis just oneout
of mary thatarepossible For adifferentcollectionwe might
wantto mapthelanguagef thedocumentso thecolorin the
representatioto clearlyidentify foreignlanguagdooks.An-
otherpossibilitywould beto assigrthe colorsof booksbased
on their year of publication, making the variousentriesin
e.g.ajournalcollectionor news magazinerchive intuitively
visible evenwhenthey arenot sortedby date.Thealignment
of booksmay be usedto indicatethe relevanceof a certain
item in the collectiontowardsa queryfor the representation
fo searchresults However, caremustbe takenwith the map-

ping definitionin orderto allow thegraphicalrepresentations

to actuallysene asmetaphorsn theliteral sense.

Apartfrom simply representing staticlibrary, bookscan
be sortedandarrangedollowing differentcriteria. Figure 2
representshe samelibrary sortedby publisher Again, we
canclearlyidentify thefeaturesiscussedbefore allowing us
to judgewhich book containshow muchinformation,when
andhow oftenit wasusedetc.

In orderto provide moreinformationon resourcesn the
library that cannotbe visualizedusing the metaphorsavail-
able(e.g.shortabstractskeywords),detailedmetadatanfor-
mation can be viewed in a separatedetailswindow asthe
mousepointer moves acrossthe items on the shehes. Fur-
thermoreclicking on ary of theitemsopensheresourcef a
link to the electronicallyavailableversionis providedin the
resourcemetadateentry anda viewer for the corresponding
typeof resourcefile viewer, audioplayeretc.)is defined.

While the basicdocumentstylesimplementedn the cur-
rentversionconcentrat®ntext documentepresentatiopro-
viding a somevhatsimplified representatioffor all otherre-
sourcetypes, more sophisticatedjraphic styles can be de-
finedfor varioustypesof audio,video andimagefiles. Thus
thelibrary representatiocanbetailoredto therequirements
of ary digital library collection. While the currentimple-
mentationallows only low-level interactionwith the library
collection, more sophisticatednethodsfor queryingthe li-

brary aswell asdisplayingit at a lower level of detail from
larger distance allowing the userto getan instantovervien
over a large collection, are underinvestigation.Sucha rep-
resentationcan then sene as a sophisticatednterfaceto a
document-clustebasedinformation archive representation
like the SOMLibdigital library system.

6. Conclusions

We have presenteé Web-basedisualizationtool for dig-
ital libraries.Contraryto mostcurrentapproachedargedoc-
umentcollections,be it a library assuchor the resultof a
query to a searchengine,are not depictedas ranked lists
of titles, with additionalinformationlike documentype, au-
thor, size,etc.beingprovidedastextual descriptionsRather
well-known graphicalmetaphorsare usedto producean in-
tuitively understandableepresentationf the metadataf the
documentsThis type of information spacevisualizational-
lowsintuitiveandstraightforwardanalysisof largedocument
collection,providing anidealsettingfor interactize browsing
andexploration.In connectionwith the documentlustering
provided by the SOMLibsystem the libViewer canbe used
to provide usercenteredvisualizationof digital information
repositoriesandsearchresultsvia the World Wide Weh
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