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Abstract

Lighthouseis an on-line interfacefor a Web-basedn-
formationretrieval system.It acceptsqueriesfroma user
collectstheretrieveddocumentéromtheseach engineg or-
ganizesand presentsthemto the user The systeminte-
gratestwo knownpresentationsf theretrievedresults—the
rankedlist and clusteringvisualization— in a novel and ef-
fectiveway: It acceptgheusersinputandadjuststhedoc-
umentvisualizationaccodingly. e give a brief overviav
of thesystem.

H.3.3 Information Seach and Retrieval — Relevance
feedbak. H.3.5Online Information Services- Web-based
servicesH.5.2UserInterfaces- Graphicaluserinterfaces,
Sceendesign;

1. Intr oduction

LocatinginterestingnformationontheWorld Wide Web
is the maintaskof on-line searchengines.Suchanengine
acceptaaqueryfrom auserandrespondsvith alist of doc-
umentsor web pagesthat are consideredo be relevantto
thequery Thepagesarerankedby theirlik elihoodof being
relevantto the users requestithe highestranked document
is the mostsimilar to the query the secondis slightly less
similar, andso on. The majority of today's Web searchen-
gines(Google,Infoseek,etc.) follow this scenariousually
representingdocumentn thelist asatitle andashortpara-
graphdescription(snippet)extractedfrom the text of the
page. The evaluationmethodsfor this approachare well-
developedandit hasbeenwell studiedundermultiple cir-
cumstancef3].

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

Anecdotalevidenceshow thatusersquite oftenstopanddo
not venturebeyondthe rst screerof resultsor thetop ten
retrieveddocuments.

Numerous studies suggestthat document clustering
(topic-basedjroupingof similar documentsjs abetterway
of organizingtheretrieval results. The useof clusteringis
basedon the ClusterHypothesisof Information Retrieval:
“closely associatedlocumentgtend to be relevant to the
samerequests|10, p.45]. An overview of therelatedwork
on clusteringand documentvisualizationcan be found in
theextendedversionof this paper5].

We describelLighthouse|[8], an interface systemfor
a typical web searchengine that tightly integratesthe
ranked list with a clusteringvisualization. The visualiza-
tion presentshedocuments&sspheresoating in spaceand
positionsthemin proportionto their interdocumentsimi-
larity [2]. If two documentsrevery similarto eachother,
the correspondingphereswill be closelylocated,whereas
the sphereghatare positionedfar apartindicatea very dif-
ferentpagecontent. Thusthe visualizationprovidesaddi-
tional andvery importantinformationaboutthe contentof
the retrieved set: while the ranked list shovs how similar
thedocumentsreto the original query, the clusteringvisu-
alizationhighlightshow thedocumentselateto eachother

A simplecorollaryof the ClusterHypothesiss thatif we
nd onerelevantdocumentsomeof therelevantdocuments
arelikely to be similar to it. With our clusteringvisualiza-
tion it literally meanghatrelevantdocumentgendto bein
theneighborhooaf theotherrelevantdocumentsLocating
interestinginformationshouldbe aseasyasexaminingthe
sphereshatarecloseto thesphereof aknown relevantdoc-
ument. We have designeda foragingalgorithmthat selects
documentdor examinationbasedsolely on their proxim-
ity informationandcon rmed thatassumptiorexperimen-
tally [7, 6]. The algorithmis signi cantly more effective
in locatingrelevantdocumentghanthe original ranked list
(measuredby averageprecision)andit is comparabléo the



interactve relevancefeedbackapproach1].

Our pastresearcH7, 6] dealtonly with analysisof the
clusteringvisualizationandno actualsystemwashbuilt. The
Lighthousesystemdescribedhere has grown out of that
study

2. SystemOverview

Figure 1 shavs two screenshotsof the system.All ex-
amplesof usingthe systemin this papereferto that gure.
We ranthe query“SamuelAdams” on the Infoseeksearch
engine(www.infoseek.com ). Thetop fty documents
retrieved are presentedasthe ranked list of titles and fty
spheregorrespondingo eachpage.

Therankedlist is brokeninto two columnswith 25 doc-
umentseachon the left andon the right side of the screen
with the clusteringvisualizationin the middle. The list

o ws startingfrom top left cornerdown andagainfrom the
topright cornerto thebottomof thewindow. Thepagesare
ranked by the searchenginein the orderthey arepresumed
to berelevantto thequery Theranknumberprecedegach
title in thelist.

The clusteringvisualizationor the con gurationof fty
spheresjs positionedbetweenthe two columnsof titles.
This organizatiormakesthe userfocuson thevisualization
asthe central part of the system. The spheresappearto
be oating in spacein front of the rankedlist. We believe
that suchan approachallows usto presere someprecious
screerspaceandatthe sametime it stresseshe integration
of therankedlist andthevisualization.

Eachspherein the visualizationis linked to the corre-
spondingdocumentitle in therankedlist soclicking onthe
spherewill selectthetitle andvice versa.Selectingadocu-
mentputsablackoutlinearoundthecorrespondingtle and
sphere- e.g.,thedocumentsanked 12 and24 in Figure1l.
Theusercanexaminetheclusteringstructureandplaceit in
thebestviewing angleby rotating,zooming,andsliding the
whole structurewhile draggingthe mousepointer (Only
the spheresanbe manipulatedn this fashion—theranked
list remainsn place.)

If theuserpointsto adocumentitle or aspherewith the
mousepointerwhile keepinga controlkey pressedasmall
window similar to a comicsballoon popsup shaving the
documentdescription. The contentof that window is the
descriptionparagraph(or snippet)returnedby the search
enginefor the document. In addition a line connectsthe
sphereandthetitle. Thisdesignpreseresscreerspaceand
keepsthe snippetreadily availableto the userby a gesture
with amouse.Theline literally links thetwo documentep-
resentations- thetitle andthe sphere-together A double-
click on thedocumentitle (or sphereppensthe document
in thewebbrowser

2.1 Multiple Dimensions

The same set of spherescan appearas either a 3-
dimensiona(Figurel, top) or 2-dimensiona(Figurel, bot-
tom) structure. The usercanswitch the dimensionalityon
the y by selectinghebuttonin thetoolbaratthetop of the
window. We achieve the effect of depthin thevisualization
by usingperspectie projectionof the spheres- theremote
spheresappearsmallerthan their front counterparts- to-
getherwith thefog effect— the color of theremotespheres
is closerto the backgrounaolor thanthe color of thefront
spheres.

The similarity relationshipamongdocumentss rather
complexandcannoteexactly reproducedby theclustering
visualization(it is calculatedn the severalhundreddimen-
sional“term-space”).An additionaldimensionprovidesan
extra degree of freedom,which in turn resultsin a more
accurateepresentatioof documentelationships.Thus,a
3-dimensionapicturehasto bemoreaccuratendtherefore
moreeffective for the navigationthana 2-dimensionabne.
This assumptionwascon rmed in a previous study when
our foraging algorithm proved to be more effective in 3D
thanin 2D [7]. We havealsoobsenedthatthedifferencesn
effectivenesdetweenforaging for relevantdocumentsus-
ing proximity informationin the original “term-space”and
in 2- or 3-dimensionalisualizationspaceare small, sug-
gestingthat the visualizationis indeedan accuraterepre-
sentationof the documentcon guration (accurateenough
for theretrieval purposes).

However, our userstudiesof the visualizationshaved
that peoplepreferthe 2-dimensionapresentatiorover the
3-dimensionabnefor a similar foragingtask. This obser
vation con rms a well-known factthat givena at image,
the usersapply a signi cant cognitive effort to recreatea
3-dimensionalstructurein their minds[9]. The bestre-
sultsalsorequirephysicalactions— it is mucheasierfor the
userto recognizeandunderstandhe proximity relationship
amongthe spheresn the picturewhile slowly rotatingthe
structurewith themousepointer We have shavn thatthese
dif culties may eliminateall the advantageof the greater
accurag of the 3-dimensionaVisualization[7].

Becausepeoplediffer in their ability to visualizespatial
structureswe give the userthe freedomto choosethe di-
mensionalityof the presentatioe or sheis morecomfort-
ablewith. Fromour own experienceve foundtheability to
switchthe dimensionalityvery rewarding: a 2-dimensional
picture provides a greatoverview of the whole document
set, but when a more preciseanalysisis required— e.g.,
whenit is necessaryo establishif two or moredocuments
ascloseasthey appeato be—theaccurag of the3D picture
canbe morehelpful. In this casewe selectthe documents
in questionandswitchthe dimensionalityto examinethem.
Sometimeghis actionrevealsthat sphereseparatedn 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 “Samuel Adams” query. Both three-dimensional (top) and two-dimensional
(bottom) pictures are shown.



appeaclumpedn 2D. For example bothscreershotsshav
thesamecon guration of documentsConsiderthetwo se-
lecteddocumentswhosespheregwith black outlines)ap-
pearcloselyplacedin the centralpartof the 2-dimensional
picture(Figurel, bottom). Thesamewo documenspheres
in 3 dimensionsare separatedy an additionaldocument
spherg(Figurel, top). A brief examinationof titles reveals
thatthesedocumentgranked 12 and24 in thelist) discuss
unrelatedopics.

2.2 User's Feedback

Our userexperimentsshaved that spatial proximity is
an intuitive and well-recognized(by the users)metaphor
for similarity betweerobjects.We obsenedthatthe users'
searclstrat@y tendsto follow the modelincorporatednto
our algorithmicapproach7]. The usersweresigni cantly
more successfulvith the visualizationthanthey would be
by following the ranked list. However, we also obsened
that the usersare likely to make mistales while deciding
on the proximity betweentwo groupsof spheresandtheir
foragingperformancevassomevhatbelow thatof thealgo-
rithm. We believe the systemcan successfullyassistusers
in their browsing of the documentset. If a useris willing
to supplyLighthousewith his or herinterestevaluationof
examineddocumentsthe systermwill suggesthenext doc-
umentto look at.

The users interestor the relevanceassessmenf the
documents expressedby clicking onthecheckboxattached
to eachdocumenttitle. Oneclick marksthe documentas
non-relevant, the correspondingitle and sphereare high-
lightedin red. A secondclick marksthe documentasrel-
evant and both the sphereandthe title shov up in green.
Anotherclick removesthe markfrom the document:

Giventherankinginformationobtainedfrom the search
engineandtherelevanceudgmentsollectedfrom theuser
Lighthouseestimateghe expectedrelevancevalues[4] for
the unjudgedweb documentsand provides two different
toolsto corvey thatinformationto theuser Bothtoolsoper
atein suggestiormode— they point the userto supposedly
interestingmaterialwithout forcing their choiceson him.
Both tools canbe switchedon andoff usingthe controlsin
thetoolbaratthetop of thewindow.

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

1The selectionof colorsre ects a commonideain the westernworld
of greenasequialentto “go” andredasa synorym of “stop”. Thecolors
can be easily changedto re ect ary other schemeusing the preference
commands.

intensityof theshadings proportionalto the strengthof the
systems belief in its estimate- the morelikely the docu-
mentis relevant, the brighterthe color. The sameis true
for estimatechon-relevantdocuments- themorelik ely the
documentis non-relerant,the brighterthe red shadeof the
correspondingbjecton the screen.The samecolor shade
is usedto highlight the documentitle backgroundsAddi-
tionally, the length of that highlightedbackgrounds pro-
portionalto the strengthof the systems belief in its esti-
mate. The highlightedbackgroundsn the left columnare
alignedon the left sideandthe highlightedbackgroundsn
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 systems$ estimateof that doc-
umentrelevanceis almostexactly between‘relevant” and
“non-relevant” — i.e., even oddsthat the documentis rel-
evant. The unjudgeddocumenttitles are further separated
fromthejudgeddocument$®y usingagradientll for paint-
ing their background.

Considerthe exampleon the Figure 1. We judge rele-
vantall thedocumentshatmentionthebeerbrand“Samuel
Adams”. Thetop rankeddocuments aboutSamuelAdams
thePatriotandwe markedit asnon-releyant. Thebrightred
spherecorrespondingo thatdocuments locatedon thetop
right partof thepicture. TheWizardimmediatelypointedus
to the documentwhosespheres on the bottomleft part of
thepicture. The correspondinglocumenis ranked48, it is
aboutSamuelAdamsLagerandwe judgedit relevant. Now
one quick look tells us that the documentsaboutthe beer
probablyoccupy the bottom and left of the picture while
thedocumentaboutthe Americanpatriottake thetop right
partof thevisualization.We canseehow the coloredshad-
ing propagate$rom the known relevant documentgo the
known non-releyant documentscreatingan impressionof
two lights — one greenand onered — shiningthroughthe
structure.This visual effect gave the nameto the system.

Star Wizard Our experiencesuggestshatit canbevery
dif cult to exactly discriminatebetweerseseraldocuments
with similar relevanceestimations- when the documents
are paintedwith what looks like the sameshadeof green
andeventhetitle backgroundsireof thesamdength—-e.g.,
documentsanked 26 and 27 on the screershot. We intro-
ducethe secondool thatwe call the StarWzard. It is con-
trolled by the popupbuttonin the window toolbar It elab-
orateson the sameinformationusedby the ShadeWizard
andindicateshethreedocumentsvith the highestestimate
of relevance.The highestranked documenis markedwith
threestars(documentanked26 onthescreenshotthenext
onewith two (ranked22), andthe third oneis markedwith
onestar(ranked 11). The starsareplacedboth by the cor-
respondingdocumentsphereand at the start of document
title.



While the ShadeWizard providesa global overview of
how the relevanceestimationsare distributedin the docu-
mentset,the StarWizardpointstheuserdirectlyto themost
likely relevantdocuments.

3. Implementation

We have implementedhe Lighthousesystemfollowing
the client-sener model. The client acceptghe queryand
transmitsit to the sener. The sener forwardsthe queryto
thesearchengine collectstheresultsasalist of URLs and
descriptionsn HTML format, parsegheseresults,collects
thecorrespondingvebpagesparsesandindexesthetext of
eachpage. For eachpageit thencreatesa weightedvec-
tor of termsthatrepresenthatpage computeghedistances
betweerthosevectors generatethecon gurationsfor both
2- and 3-dimensionalvisualizations,and returnsthis data
to the client. The sener is written in PerlandC. It takes
0.5 secto parseandindex the documentsandanother0.5
secto generatehe spatialcon gurationonacomputemith
600MHzAlpha CPU.Thetotal time of aretrieval sessions
generallybetweens0 and 100 secondswheremostof the
time is spendaccessinghe searchengineanddownloading
theweb pages.The ef ciency alsodepend®on the current
network congestionThe client sideis writtenin Java (lan-
guageversionl.1l) andhandlesall the interactionbetween
the systemandthe userincluding the necessargomputa-
tionsfor thewizardtools. It canbeinstalledandrunlocally
asanapplicationor it canbedownloadedonthe y andrun
in aweb-bravserasanapplet. The systemis locatedat our
web site [8]. Notethat our sener is setupto processonly
onequeryatatimeto avoid overloadingthe machine.

4. Conclusions

We have described_ighthouse,an interfacesystemfor
an on-line searchengine that integrates the traditional
rankedlist with theclusteringvisualization.Lighthousedis-
playsdocumentsasspheresoating in 2- or 3-dimensional
visualizationspacepositionedin proportionto the inter-
documentsimilarity. The systemacceptsuser relevance
judgmentsand estimatesthe relevancevaluesfor the re-
mainderof the retrieved set. Lighthouseincludestwo wiz-
ardtoolsthatpresentheserelevanceestimationgo theuser
using color, shape,and symbolic markings,directing the
usertowardsthe mostlikely relevantdocuments.

Thedesignchoicesncorporatednto Lighthousearemo-
tivated by an intensive off- and on-line evaluationof the
clusteringvisualization[7]. ThatstudysuggestshatLight-
housecanbeavery effective tool for helpingtheuserto lo-
cateinterestingnformationamongthe documentseturned
by aninformationretrieval system.Our experiencewith the

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