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Abstract

Lighthouseis an on-line interfacefor a Web-basedin-
formationretrieval system.It acceptsqueriesfrom a user,
collectstheretrieveddocumentsfromthesearch engine, or-
ganizesand presentsthemto the user. The systeminte-
gratestwoknownpresentationsof theretrievedresults– the
rankedlist andclusteringvisualization– in a novel andef-
fectiveway. It acceptstheuser's input andadjuststhedoc-
umentvisualizationaccordingly. We give a brief overview
of thesystem.

H.3.3 Information Search and Retrieval – Relevance
feedback. H.3.5Online InformationServices– Web-based
services;H.5.2UserInterfaces– Graphicaluserinterfaces,
Screendesign;

1. Intr oduction

LocatinginterestinginformationontheWorld WideWeb
is themain taskof on-linesearchengines.Suchanengine
acceptsaqueryfrom auserandrespondswith a list of doc-
umentsor web pagesthat areconsideredto be relevant to
thequery. Thepagesarerankedby their likelihoodof being
relevantto theuser's request:thehighestrankeddocument
is the mostsimilar to thequery, thesecondis slightly less
similar, andsoon. Themajority of today's Websearchen-
gines(Google,Infoseek,etc.) follow this scenario,usually
representingadocumentin thelist asatitle andashortpara-
graphdescription(snippet)extractedfrom the text of the
page. The evaluationmethodsfor this approacharewell-
developedandit hasbeenwell studiedundermultiple cir-
cumstances[3].

The orderingof documentsin the ranked list is simple
andintuitive. The useris expectedto follow the list while
examining the retrieved documents. In practice,brows-
ing therankedlist is rathertediousandoftenunproductive.

Anecdotalevidenceshow thatusersquiteoftenstopanddo
not venturebeyondthe �rst screenof resultsor the top ten
retrieveddocuments.

Numerous studies suggest that document clustering
(topic-basedgroupingof similardocuments)is abetterway
of organizingthe retrieval results.The useof clusteringis
basedon the ClusterHypothesisof InformationRetrieval:
“closely associateddocumentstend to be relevant to the
samerequests”[10, p.45]. An overview of therelatedwork
on clusteringanddocumentvisualizationcanbe found in
theextendedversionof this paper[5].

We describeLighthouse[8], an interface systemfor
a typical web searchengine that tightly integrates the
ranked list with a clusteringvisualization. The visualiza-
tion presentsthedocumentsasspheres�oating in spaceand
positionsthemin proportionto their inter-documentsimi-
larity [2]. If two documentsarevery similar to eachother,
thecorrespondingsphereswill becloselylocated,whereas
thespheresthatarepositionedfar apartindicatea very dif-
ferentpagecontent. Thusthe visualizationprovidesaddi-
tional andvery importantinformationaboutthecontentof
the retrieved set: while the ranked list shows how similar
thedocumentsareto theoriginalquery, theclusteringvisu-
alizationhighlightshow thedocumentsrelateto eachother.

A simplecorollaryof theClusterHypothesisis thatif we
�nd onerelevantdocument,someof therelevantdocuments
arelikely to besimilar to it. With our clusteringvisualiza-
tion it literally meansthatrelevantdocumentstendto bein
theneighborhoodof theotherrelevantdocuments.Locating
interestinginformationshouldbeaseasyasexaminingthe
spheresthatarecloseto thesphereof aknown relevantdoc-
ument.We have designeda foragingalgorithmthatselects
documentsfor examinationbasedsolely on their proxim-
ity informationandcon�rmed thatassumptionexperimen-
tally [7, 6]. The algorithm is signi�cantly more effective
in locatingrelevantdocumentsthantheoriginal rankedlist
(measuredby averageprecision)andit is comparableto the



interactiverelevancefeedbackapproach[1].
Our pastresearch[7, 6] dealtonly with analysisof the

clusteringvisualizationandnoactualsystemwasbuilt. The
Lighthousesystemdescribedhere has grown out of that
study.

2. SystemOverview

Figure1 shows two screenshotsof thesystem.All ex-
amplesof usingthesystemin this paperreferto that�gure.
We ran thequery“SamuelAdams”on the Infoseeksearch
engine(www.infoseek.com ). The top �fty documents
retrievedarepresentedasthe ranked list of titles and�fty
spherescorrespondingto eachpage.

Therankedlist is brokeninto two columnswith 25 doc-
umentseachon the left andon the right sideof thescreen
with the clusteringvisualizationin the middle. The list
�o wsstartingfrom top left cornerdown andagainfrom the
topright cornerto thebottomof thewindow. Thepagesare
rankedby thesearchenginein theorderthey arepresumed
to berelevantto thequery. Theranknumberprecedeseach
title in thelist.

Theclusteringvisualization,or thecon�gurationof �fty
spheres,is positionedbetweenthe two columnsof titles.
Thisorganizationmakestheuserfocuson thevisualization
as the centralpart of the system. The spheresappearto
be �oating in spacein front of the ranked list. We believe
thatsuchanapproachallows us to preserve someprecious
screenspaceandat thesametime it stressestheintegration
of therankedlist andthevisualization.

Eachspherein the visualizationis linked to the corre-
spondingdocumenttitle in therankedlist soclicking onthe
spherewill selectthetitle andviceversa.Selectinga docu-
mentputsablackoutlinearoundthecorrespondingtitle and
sphere– e.g.,thedocumentsranked12 and24 in Figure1.
Theusercanexaminetheclusteringstructureandplaceit in
thebestviewing angleby rotating,zooming,andslidingthe
whole structurewhile draggingthe mousepointer. (Only
thespherescanbemanipulatedin this fashion– theranked
list remainsin place.)

If theuserpointsto adocumenttitle or aspherewith the
mousepointerwhile keepinga controlkey pressed,a small
window similar to a comicsballoonpopsup showing the
documentdescription. The contentof that window is the
descriptionparagraph(or snippet)returnedby the search
enginefor the document. In addition a line connectsthe
sphereandthetitle. Thisdesignpreservesscreenspaceand
keepsthesnippetreadilyavailableto theuserby a gesture
with amouse.Theline literally links thetwo documentrep-
resentations– thetitle andthesphere– together. A double-
click on thedocumenttitle (or sphere)opensthedocument
in thewebbrowser.

2.1. Multiple Dimensions

The same set of spherescan appearas either a 3-
dimensional(Figure1, top)or 2-dimensional(Figure1,bot-
tom) structure.The usercanswitch thedimensionalityon
the�y by selectingthebuttonin thetoolbarat thetopof the
window. We achievetheeffectof depthin thevisualization
by usingperspectiveprojectionof thespheres– theremote
spheresappearsmaller than their front counterparts– to-
getherwith thefog effect – thecolor of theremotespheres
is closerto thebackgroundcolor thanthecolor of thefront
spheres.

The similarity relationshipamongdocumentsis rather
complex andcannotbeexactlyreproducedby theclustering
visualization(it is calculatedin theseveralhundreddimen-
sional“term-space”).An additionaldimensionprovidesan
extra degreeof freedom,which in turn resultsin a more
accuraterepresentationof documentrelationships.Thus,a
3-dimensionalpicturehasto bemoreaccurateandtherefore
moreeffective for thenavigationthana 2-dimensionalone.
This assumptionwascon�rmed in a previous study, when
our foragingalgorithmproved to be moreeffective in 3D
thanin 2D [7]. Wehavealsoobservedthatthedifferencesin
effectivenessbetweenforagingfor relevantdocumentsus-
ing proximity informationin theoriginal “term-space”and
in 2- or 3-dimensionalvisualizationspacearesmall, sug-
gestingthat the visualizationis indeedan accuraterepre-
sentationof the documentcon�guration (accurateenough
for theretrieval purposes).

However, our userstudiesof the visualizationshowed
that peopleprefer the 2-dimensionalpresentationover the
3-dimensionalonefor a similar foragingtask. This obser-
vation con�rms a well-known fact that given a �at image,
the usersapply a signi�cant cognitive effort to recreatea
3-dimensionalstructurein their minds [9]. The best re-
sultsalsorequirephysicalactions– it is mucheasierfor the
userto recognizeandunderstandtheproximity relationship
amongthespheresin thepicturewhile slowly rotatingthe
structurewith themousepointer. We haveshown thatthese
dif�culties may eliminateall theadvantagesof the greater
accuracy of the3-dimensionalvisualization[7].

Becausepeoplediffer in their ability to visualizespatial
structures,we give the userthe freedomto choosethe di-
mensionalityof thepresentationheor sheis morecomfort-
ablewith. Fromourown experiencewefoundtheability to
switchthedimensionalityvery rewarding:a 2-dimensional
picture providesa greatoverview of the whole document
set, but when a more preciseanalysisis required– e.g.,
whenit is necessaryto establishif two or moredocuments
ascloseasthey appearto be– theaccuracy of the3D picture
canbemorehelpful. In this casewe selectthedocuments
in questionandswitchthedimensionalityto examinethem.
Sometimesthis actionrevealsthatspheresseparatedin 3D
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Figure 1. Screen shots of the Lighthouse system. The top �fty documents retrie ved by the Infoseek
search engine for the “Sam uel Adams” quer y. Both threedimensional (top) and twodimensional
(bottom) pictures are sho wn.



appearclumpedin 2D.For example,bothscreenshotsshow
thesamecon�gurationof documents.Considerthetwo se-
lecteddocuments,whosespheres(with blackoutlines)ap-
pearcloselyplacedin thecentralpartof the2-dimensional
picture(Figure1,bottom).Thesametwo documentspheres
in 3 dimensionsare separatedby an additionaldocument
sphere(Figure1, top). A brief examinationof titles reveals
that thesedocuments(ranked12 and24 in the list) discuss
unrelatedtopics.

2.2. User'sFeedback

Our userexperimentsshowed that spatialproximity is
an intuitive and well-recognized(by the users)metaphor
for similarity betweenobjects.We observedthattheusers'
searchstrategy tendsto follow themodelincorporatedinto
our algorithmicapproach[7]. Theusersweresigni�cantly
moresuccessfulwith the visualizationthanthey would be
by following the ranked list. However, we also observed
that the usersare likely to make mistakes while deciding
on the proximity betweentwo groupsof spheresandtheir
foragingperformancewassomewhatbelow thatof thealgo-
rithm. We believe thesystemcansuccessfullyassistusers
in their browsing of the documentset. If a useris willing
to supplyLighthousewith his or her interestevaluationof
examineddocuments,thesystemwill suggestthenext doc-
umentto look at.

The user's interestor the relevanceassessmentof the
documentis expressedby clickingonthecheckboxattached
to eachdocumenttitle. Oneclick marksthe documentas
non-relevant, the correspondingtitle andspherearehigh-
lighted in red. A secondclick marksthe documentasrel-
evant andboth the sphereand the title show up in green.
Anotherclick removesthemarkfrom thedocument.1

Giventherankinginformationobtainedfrom thesearch
engineandtherelevancejudgmentscollectedfrom theuser,
Lighthouseestimatestheexpectedrelevancevalues[4] for
the unjudgedweb documentsand provides two different
toolsto convey thatinformationto theuser. Bothtoolsoper-
atein suggestionmode– they point theuserto supposedly
interestingmaterialwithout forcing their choiceson him.
Both toolscanbeswitchedon andoff usingthecontrolsin
thetoolbarat thetopof thewindow.

Shade Wizard The �rst tool, the ShadeWizard, indi-
catesthe estimatedrelevancefor all unjudgeddocuments
by meansof color and shape. Speci�cally, if the system
estimatesthe documentis relevant, it highlightsthe corre-
spondingsphereandtitle usingsomeshadeof green.The

1The selectionof colorsre�ects a commonideain the westernworld
of greenasequivalentto “go” andredasa synonym of “stop”. Thecolors
can be easily changedto re�ect any other schemeusing the preference
commands.

intensityof theshadingis proportionalto thestrengthof the
system's belief in its estimate– the morelikely the docu-
ment is relevant, the brighter the color. The sameis true
for estimatednon-relevantdocuments– themorelikely the
documentis non-relevant,thebrightertheredshadeof the
correspondingobjecton thescreen.Thesamecolor shade
is usedto highlight thedocumenttitle backgrounds.Addi-
tionally, the lengthof that highlightedbackgroundis pro-
portional to the strengthof the system's belief in its esti-
mate. The highlightedbackgroundsin the left columnare
alignedon the left sideandthehighlightedbackgroundsin
the right column are alignedon the right side. Note that
a white sphereand a very short highlighting for the doc-
umenttitle re�ects that the system's estimateof that doc-
umentrelevanceis almostexactly between“relevant” and
“non-relevant” – i.e., even oddsthat the documentis rel-
evant. The unjudgeddocumenttitles arefurther separated
from thejudgeddocumentsbyusingagradient�ll for paint-
ing their background.

Considerthe exampleon the Figure1. We judgerele-
vantall thedocumentsthatmentionthebeerbrand“Samuel
Adams”.Thetoprankeddocumentis aboutSamuelAdams
thePatriotandwemarkedit asnon-relevant.Thebright red
spherecorrespondingto thatdocumentis locatedon thetop
rightpartof thepicture.TheWizardimmediatelypointedus
to thedocumentwhosesphereis on thebottomleft partof
thepicture.Thecorrespondingdocumentis ranked48, it is
aboutSamuelAdamsLagerandwejudgedit relevant.Now
onequick look tells us that the documentsaboutthe beer
probablyoccupy the bottom and left of the picture while
thedocumentsabouttheAmericanpatriottakethetopright
partof thevisualization.We canseehow thecoloredshad-
ing propagatesfrom the known relevant documentsto the
known non-relevant documentscreatingan impressionof
two lights – onegreenandonered – shiningthroughthe
structure.Thisvisualeffectgavethenameto thesystem.

Star Wizard Our experiencesuggeststhat it canbevery
dif�cult to exactlydiscriminatebetweenseveraldocuments
with similar relevanceestimations– when the documents
arepaintedwith what looks like the sameshadeof green
andeventhetitle backgroundsareof thesamelength– e.g.,
documentsranked26 and27 on thescreenshot. We intro-
ducethesecondtool thatwe call theStarWizard. It is con-
trolled by thepopupbutton in thewindow toolbar. It elab-
orateson the sameinformationusedby the ShadeWizard
andindicatesthethreedocumentswith thehighestestimate
of relevance.Thehighestrankeddocumentis markedwith
threestars(documentranked26onthescreenshot),thenext
onewith two (ranked22),andthethird oneis markedwith
onestar(ranked11). Thestarsareplacedbothby thecor-
respondingdocumentsphereandat the start of document
title.



While the ShadeWizard providesa global overview of
how the relevanceestimationsaredistributedin the docu-
mentset,theStarWizardpointstheuserdirectlyto themost
likely relevantdocuments.

3. Implementation

We have implementedtheLighthousesystemfollowing
the client-server model. The client acceptsthe queryand
transmitsit to theserver. Theserver forwardsthequeryto
thesearchengine,collectstheresultsasa list of URLs and
descriptionsin HTML format,parsestheseresults,collects
thecorrespondingwebpages,parsesandindexesthetext of
eachpage. For eachpageit thencreatesa weightedvec-
tor of termsthatrepresentthatpage,computesthedistances
betweenthosevectors,generatesthecon�gurationsfor both
2- and3-dimensionalvisualizations,and returnsthis data
to the client. The server is written in Perl andC. It takes
0.5 secto parseandindex the documents,andanother0.5
secto generatethespatialcon�gurationonacomputerwith
600MHzAlphaCPU.Thetotal timeof aretrieval sessionis
generallybetween50 and100 seconds,wheremostof the
time is spendaccessingthesearchengineanddownloading
theweb pages.Theef�ciency alsodependson thecurrent
network congestion.Theclient sideis written in Java (lan-
guageversion1.1) andhandlesall the interactionbetween
the systemandthe userincluding the necessarycomputa-
tionsfor thewizardtools. It canbeinstalledandrun locally
asanapplicationor it canbedownloadedonthe�y andrun
in a web-browserasanapplet.Thesystemis locatedat our
web site [8]. Note that our server is setupto processonly
onequeryat a time to avoid overloadingthemachine.

4. Conclusions

We have describedLighthouse,an interfacesystemfor
an on-line searchengine that integrates the traditional
rankedlist with theclusteringvisualization.Lighthousedis-
playsdocumentsasspheres�oating in 2- or 3-dimensional
visualizationspacepositionedin proportion to the inter-
documentsimilarity. The systemacceptsuser relevance
judgmentsand estimatesthe relevancevaluesfor the re-
mainderof theretrievedset. Lighthouseincludestwo wiz-
ardtoolsthatpresenttheserelevanceestimationsto theuser
using color, shape,and symbolic markings,directing the
usertowardsthemostlikely relevantdocuments.

Thedesignchoicesincorporatedinto Lighthousearemo-
tivatedby an intensive off- and on-line evaluationof the
clusteringvisualization[7]. ThatstudysuggeststhatLight-
housecanbeaveryeffectivetool for helpingtheuserto lo-
cateinterestinginformationamongthedocumentsreturned
by aninformationretrieval system.Ourexperiencewith the

systemimplementationdescribedin this paperillustrates
thatLighthouseis fastandcanbedeployedin theweb-based
on-linesettings.
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