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1 Intr oduction

The American HeritageDictionary of the English Language,Fourth Edition offers the following definitions for
“browse”: to inspectsomethingleisurelyandcasually;to readsomethingsuperficiallyby selectingpassagesat ran-
dom;to look throughor over (something)casually.

Roget’s InteractiveThesaurus,FirstEdition(v 1.0.0)lists thefollowing synonymsfor the“browse”entry: checkover,
dip into, examine,feed,flip through,glanceat,graze,inspectloosely, leaf through,nibble,onceover, peruse,read,rif f
through,riffle through,run through,scan,skim,skip through,survey, thumbthrough,wander.

Browsing andsearchingare the two dominantmodesfor explorationofferedby informationmanagementsystems,
correspondingto thetwo dominantinformationseekingbehaviors of people.Browsingis commonlyofferedthrough
a hierarchyimposedon thedocumentspacethattheusernavigatesby following parentandchild links.

CoveandWalsh[CW88] havesuggestedthatthereareactuallythreeinformationexplorationbehaviors:

� Searchbrowsing;directedsearch;wherethegoalis known

� Generalpurposebrowsing;consultingsourcesthathaveahigh likelihoodof itemsof interest

� Serendipitousbrowsing;purelyrandom

Fromhereon, we will usethe word searchto meandirectedsearch;the qualificationis usedto differentiateit from
genericinformationsearchwhich we referto asinformationexploration.We do not considerserendipitousbrowsing.
Our goalis to designasystemthatofferstightly–coupleddirectedsearchandgeneralpurposebrowsing.

We assumethatsomesortof hierarchicalorganizationof documentsin thesystem,not necessarilyevenly grainedor
complete,forms a browsing structurethat is accessibleto the user. Also we assumethat thereexists metadatafor
documentsotherthanthehierarchicalorganization.

1.1 Definitions

Document A complete,cohesiveintelligible dataobjectthatmaybereador consumedby apersonwithoutnecessary
recourseto otherobjects.It maycontainany combinationof text, 2-D image,multidimensionalimage,audio,
video,pathtrajectory, or otherdatatype. Sometimesreferredto asa multimediadocumentor an information
asset.
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Target document(s) Thedocument(s)thattheuserwantsor thatfulfill theuser’s informationneeds.

Result set Thesetof documentsreturnedby thesystemin responseto a queryor to abrowserequest.

Discriminator A commonattributeof a setof documentsthatmaybeusedto classifyor divide them.

BrowseNode A nodein aninformationhierarchythatmaycontainothernodesor final documents.Also referredto
asa category.

1.2 Tightly–coupled searching and browsing

Most informationsystemseparatesearchingandbrowsingunnecessarilywidely. For example,thereis oftenaseparate
searchpagethat takesonebackto theroot nodeevenif onehasalreadyspenttime browsingto find theapproximate
targetdocumentlocation.Or elsethemannerin whicha resultsetis presentedor thethingsthatcanbedonewith one
aredifferentfrom whattheusermaydowith staticbrowsenodes.Sincemostinformationexplorersuseacombination
of searchandbrowsestepsin non-strictlyalternatingsequence[CP95, DSG03], thesystemshouldallow whichever is
thecurrentinformationseekingbehavior of theuserto beperformed,regardlessof systemstate.Ideally it shouldalso
allow thesamesetof operationsto beperformedon a queryresultsetthatcanbeperformedona browsenode.

Thus,onecanstatethetwo fundamentaldesignprinciplesfor unifying browseandsearch.To tightly couplethesetwo
informationexplorationstrategiesausermust

1. Be ableto performeithera hierarchynavigation(browse)or a querysubmission(search)operationat any step
of aninformationexplorationsessionwithout losingthecurrentstateandbepresentedwith a new view that is
consistentwith thecurrentstate.

2. Be ableto performthesamesetof operationson thecurrentresultsetregardlessof whetherthatresultsetwas
obtainedthrougha querysubmissionor a hierarchynavigationstep.

Whatever featuresare offered by the systemfor either browsing or searchingmust be accessibleduring any step
in a sequenceof searchandbrowsesteps,regardlessof that sequence.This is what we meanby tightly–coupled
searchingandbrowsing. Theexampleofferedearlierof having thesearchfunctiononly availablefrom theroot node
of the browsing hierarchyviolatesthe first principle. As anotherexample,the MEERCAT (Multimedia Enhanced
Exploration,Retrieval andCategorization)systemallows nodescorrespondingto assetcollectionsundera browse
nodeto bedownloadedto theclient asZip files. To satisfytheseconddesignprinciple,thesamefunctionalityhasto
beallowedonresultsetsobtainedfrom queries,possiblywith a limit on thetop N matchingitems.

In the following sectionswe presentsometechniquesto achieve a tightly–coupledunified searchingandbrowsing
framework.

2 Search after Browse:Hierar chy–constrainedsearching

Very often the useris able to narrow the desiredsetof documentsvery well using the staticnavigation hierarchy
providedby thedesigner. In this case,they navigatedown to thenodewherethesystemorganizationdoesnot match
their desireddiscriminatorcharacteristicand then usesearch. Most good information hierarchies,suchas Yahoo
(http://www.yahoo.com)or theOpenDirectoryproject(http://dmoz.org), allow this. Figure1 illustratestheprocess.
Theuserimplicitly selectsthe subsetof the documentspacespannedby thesubtreeunderthecurrentbrowsenode.
Thisdocumentspacesubsetis thenfilteredthroughthequeryto presenttheresultset.Ideally thesystemshouldmake
useof theusersnavigationto optimizethequeryexecutionprocessitself, not just to removedocumentsfrom theresult
setthatarenot in thebrowsingsubtree.
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Figure 2 shows the resultsof a global and hierarchy–constrainedsearchin the MEERCAT system. The query
“meta=crowd” (searchingfor imagescontainingcrowdsof humanfaces)yieldsa 38–itemresultsetwith targetdoc-
umentsfrom stockphotocollectionswhenexecutedon the entiredocumentspace(first screenshot),anda smaller
27–itemresultsetwhenexecutedon the“UserCollections”subtree.

Browsing hierarchy

Browsing subtree

Result set

Query

Document space

Figure1: Searchingafterbrowsing: hierarchy–constrainedsearch.

3 Browseafter search: Dynamic browse–trees

A resultsetis essentiallya re-orderingof theentiredocumentspacewith a dynamicallyspecifiedorderingcriterion
(similarity to thequery).If thedocumentspacehasstructureto begin with, theresultsetneednot bea serialordering
of matchingdocumentswith possiblerelevancerankingsandsummaries.Insteadanorganizationcanbe imposedon
it. Thisorganizationcanbeachievedin thefollowing ways.

3.1 Separatingdocumentfr om categorymatches

Yahooandotherinformationdirectoriescommonlyreturncategory matchesin additionto individual item matches.
Thesearecategorieswhich directly matchthe queryterms,not just categorieswhich containsomematchingdocu-
ments.Figure3 showscategorymatchesin MEERCAT. Searchresultsetsareinstantiatedas(special)browsingnodes
andmatchingcategoriesarerepresentedaslinks. Thequery“any=food” resultsin two category matchesaswell as
individual imagematches.
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(a)

(b)

Figure2: Screenshotsof (a)non-constrainedglobaland(b) hierarchy-constrainedsearchfor imageswith crowdsin theMEERCAT
system:(a) returns38 matchesin theentirecollectionwhile (b) returns27matchesunderthe“UserCollections”browsingnode.
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Figure3: Screenshotsof searchresultsetin theMEERCAT systemshowing separatecategoryanddocumentmatches.

3.2 Dynamic clustering of the result set

Other researchershave demonstratedthe utility of clusteringsearchresultsin real-time[CKPT92, CGNS99]. The
NorthernLight (http://www.northernlight.com) searchengine’s distinguishingfeatureduring its heyday wassorting
queryresultsinto “CustomSearchFolders(TM)” presentedin a left panel. Four typesof attributeswereusedfor
clustering,eithersubjecttopic,documenttype(e.g.recipes,resumes,pressrelease),source(e.g.websites,magazines)
or language(e.g.English,French)of document.Choosinga foldercausedits contentsto berecursively clustered.

TheMEERCAT systemallowsaphotographalbum’scontentsto bedynamicallyclusteredinto timeclustersusingthe
timestampmetadataasdescribedin anHPL TechnicalReport[Gar03]. Figure4 shows thecontentsof analbum with
thedynamicallygeneratedtimeclusters.

3.3 Dynamic browse–trees

Another alternative is to usethe existing hierarchy(possibly in addition to, or in placeof the resultsof dynamic
clustering)to organizethe searchresults. After all, the static hierarchywas presumablycreatedwith somecare,
probablyby hand,andhenceis likely to beof high quality andvaluablein organizingtheresultset. Notethat this is
differentfrom merelylisting matchingcategories.

Theprocessis illustratedin Figure5. Thedocumentspaceis searchedwith theusersqueryandthesetof documents
thatdo not matchtheuser’squeryis (conceptually)removedfrom thesub-treeunderthenodebeingsearched(in this
casetheroot node). If eachdocumenthasmetadataaboutcategoriesit is a memberof, thena dynamicbrowse-tree
maybegeneratedby retrieving this valuefor eachmemberof a searchresultsetandgeneratinga minimumspanning
treefrom the resultingsetof browsenodes.Empty nodesmaybe pruned,skinny paths(a skinny pathis a chainof
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(a)

(b)

Figure 4: Screenshotsof (a) default organizationand (b) dynamictime clusterorganizationof a userphoto album within the
MEERCAT system:(a) is just a paginatedlisting of imageswhile (b) hasorganizedthesetinto clusters.
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browsenodeswith only onechild each)collapsedandthe resultinghierarchypresentedto the userto browse. The
item relevanceis retainedby assigninga weightto eachremainingpathto leaf nodes.Therelevancefor a nodeis the
maximumrelevanceof any nodeor itemunderit (alternativessuchasaveragearepossible).

This techniqueis moreapplicablewhenquerytermsarehard,allowing documentsto be definitively removed from
consideration.It canbe thoughtof asa document-tree-level versionof query-sensitive summaries(wherethe query
termsareshown in thecontext of a hit document).

Document space

Result set

Query

Browsing hierarchy

Figure5: Browsingsearchresultsusingdynamicbrowse–trees.

4 Search by Hierar chy Location

Hierar chy distanceasa distancemeasure

Thehierarchyorganizingan informationcollectionis globalmetadatathatcanbeusedto search.Givenanexisting
hierarchy, a document’s positionin this hierarchyrelative to anotherconstitutesthe hierarchydesigner’s measureof
similarity. Oneshouldthereforebeableto find browsenodesthataresimilar to thecurrentbrowsenodein termsof
whatwe call hierarchydistance.Thedistancebetweentwo browsenodes

���
and

���
(andimplicitly their constituent

documents)maybemeasuredby
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� Minimum numberof stepsto reach
���

from
���

moving alongthetree.

� Differencein hierarchylevel (stepsfrom rootor stepsaboveclosestleaf) between
���

from
���

Hierarchydistancecanbecombinedwith othertechniques.For example,searchingfor nodesthatarecontent-similar
to
���

basedon its metadataand that are also hierarchy-similarto it will likely yield nodesat the samelevel of
informationgranularity.

Onecanthink of this ascreatinga sitemapfor a websitecustomizedfrom thepoint of view of thecurrentbrowsing
nodeor document.

Lateral Browsing

Therearesometimesrelationshipsbetweendocumentsor documentgroups(nodes)otherthancanbewell represented
in a hierarchy, evenusingmultiple virtual categories(Section7). This is often implementedusinga “also see”link.
This allowsa shortcutbetweendistantregionsof theinformationhierarchy. Thesekindsof link metadatashouldalso
besearchableandbrowsable.

5 Browsewith PersistentSearch: Filter ed browsing

In somesituationstheuserdoesnothaveaclearquerytermin theirmindbut insteadasetof termswhichmightapply.
They may not alsoknow which top-level category their target documentsmight lie in. In addition,the queryterms
maybecommonenoughthattheresultsetfrom searchingat therootnodeis very large(this is almostalwaystruefor
a websearch).

In afilteredbrowsingsession,thesystempresentsathree-panelinterfacewith separateareasfor enteringsearchterms,
for thebrowsinghierarchyandfor theresultset.Theuserusesthebrowsepanelto navigateasusual.At any timethey
mayenteror alter their currentsearchterms.Theresultsetpanelpresentsdocumentsthatmatchboththesearchand
the browseconstraints.Any subsequentnavigationpresentsonly documentsmatchingtheseterms. Thefilter terms
canbedynamicallymodified.

This is similar to thedynamicbrowse–treesmethodbut is moreusefulin caseswheretheuseris unsureof theterms
to useandmakesfrequentquerymodificationsbasedon theresultsetthey see.Thenavigationhierarchyis notpruned
but left as-issotheusercanseethe(lack of) resultsof thecurrentquery. Thedocumentresultsetis alsoimmediately
viewableto givetheuserfeedbackratherthanhaving to navigateto a leafbrowsingnode.Everynavigationstepin the
displayedbrowsinghierarchyis implicitly ahierarchy–constrainedsearchontheselectedbrowsingnode(asdescribed
in Section2). Thus,thesystempresentscategoriesfrom thebrowsinghierarchybut documentsfrom thecontinuous
queryresultset. As the usernavigatesthe browsinghierarchy, the searchresultset is alteredto only containtarget
documentsunderthecurrentbrowsingnode.In thisway, theuseris guideddown thehierarchywith thecurrentsearch
resultsetactingasbothaninformationscent[PC99]markerandtheendresult.This kind of informationexploration
is verymuchthekind of tightly–coupledsearch/browsethatweadvocate.

Figures6 through8 shows threescreenshotsof theMEERCAT implementationof filteredbrowsing. In thefirst, the
userhasentereda query(“any=building” meaningfind anything relatedto theterm“building”) at therootnodeof the
statichierarchy. Thenavigationhierarchylabeled“child albums” is shown in themiddlepanelandthesearchresult
setis shown in thebottompanel.Eachchild nodelink actuallypointsto a queryURL thatis executedwhenthechild
nodeis clickedon. Thesecondscreenshotshows theresultof theuserclicking on the“Art Images”browsingnode.
Thehierarchyis expandeddownwardbut thesearchresultsetis emptybecauseno targetdocumentsfor the current
queryexist underthisbrowsingnode.Thethird screenshotshows thestateaftertheuserhasbackedup to therootand
thenselectedthe“Misc HP Images”child node.Theresultsethereis non-empty.
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Notethatif theusermodifiesthequery, it is executedonly for thecurrentbrowsingnode.If theuserthennavigatesup
towarda parentor highernode,thequeryis automaticallyexecutedon thelargerdomain.

Figure6: Screenshotof filteredbrowsingin theMEERCAT system.At a top-level node,theuserhasentereda query. Thesystem
presentsthenavigationhierarchyaswell asthesearchresultset.

6 BrowsingSearch Result Sets

Thissectiondiscussestechniquesto allow theuserto performbrowse-typeoperationsonanevolving searchresultset.
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Figure7: Screenshotof filteredbrowsingin theMEERCAT system:theuserhasnavigatedthehierarchywith anactive query. The
resultingfilteredbrowsingnodeyieldsanemptyresultset.

6.1 MergeSearch

It is a well known defectof a statichierarchythattheneedto hard-cutthesetof documentsat eachnodecanresultin
two verycloselyrelateddocumentslying alongverydifferentpathsfrom theroot.

In addition,documentsthat are closely relatedin someway unknown or unaccountedfor by the systemdesigner,
but presentin theusersmind, will endup in very distantnodes.Theability to performhierarchyconstrainedsearch
(Section2) only undera singlenodeis compromisedby thesefacts.Ideally theusershouldbeableto createa result
setnodewheretheitemsfrom thesedistantregionsof thehierarchyareaccumulatedfor efficientbrowsing,download
or otheroperations.

To achievethis,thesystemallowsafeaturewecall Merge Search. After theuserhasperformedasearchunderanode,
they mayclick theMergebuttonwhich indicatesto thesystemthattheuserwishesto keepthecurrentresultsetactive
for furtheraccumulation.Subsequentsearches(NOT browses)addto thecurrentresultany new resultingdocuments.
As a hypotheticalexample,theusermaysearchunderArt, Commercial,Advertising,Posters,Retail. They maythen
turn Merge Searchon, navigate to Computers,Printing,Services,Postersandperforma searchthere. The result set
presentedis thecombinedresultof bothsearches.Themergedresultsetmaybesortedby absoluterelevancy to the
appropriatequeryor dynamicbrowse–treescanbeusedto keepthetwo resultsetsdistinct.

Mergesearchfulfills onerequirementof Bates’“berry-picking” model[Bat89] by allowing partialresultsto beaccu-
mulated.

10



Figure8: Screenshotof filteredbrowsing in theMEERCAT system:theuserhasre-navigatedthehierarchywith anactive query.
This filteredbrowsingnodehasa non-emptyresultset.
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6.2 Making search result setsequal citizens

Sorting ResultSets

Thesamesortingattributesareavailablefor sortingresultsetsasfor browsenodedocumentlists. For example,in the
MEERCAT system,browsenodesof imagecollectionsmay be sortedby any EXIF digital imageheaderattributed.
Searchresultsetsmayalsobesortedby theseattributes.

Bookmarking search result sets

It is commonplacefor usersof searchenginesto usea queryresultfrom theengineasa staticbookmark.Onemight
say“searchfor termX andit’s somewhereon thefirst page”for example,andexpectthelistenerto beableto find the
referredto documents,asif thesearchengineprovideda staticinformationcollection.

This propensityof usersto usesearchqueriesasshorthandfor a pathto a setof documentscanbemadeexplicit by
makingeachquerya permanentnodein the system.The usercanthenactuallybookmarkthe nodeby addingit to
a lightbox for example. In the MEERCAT systems,queryresultsareretainedasbrowsing nodeswith uniqueIDs
andcanhencebe referredto by the user. The user’s history of pastinformationexplorationsessionscanbe made
explicitly availableto them. Suchmeta-informationexplorationcanbe self-revealingto users.The Googletoolbar
availablefrom http://www.google.comoffersaprimitiveversionof this featureby makingpastqueriesviewablevia a
dropdown menu.

Downloading search result sets

Sincesearchresultsetsareconsideredtheequalof browseresultsets(browsenodes),all operationspossibleon the
lattershouldbepossibleon theformer. This includesbookmarkingasmentionedabove. It alsoincludesdownloading
searchresultsets.Thedocumentsshouldretaintheir browsingmetadataso ideally a dynamicbrowse-treeshouldbe
generated.In addition,any query-sensitive summariesusedin thesearchresult-setshouldberetainedso thatoffline
localbrowsingof thedownloadeddatais exactlyequivalentto onlinebrowsingof thesearchresultsetnode.

Searching within search result sets

Many systemsallow searchesto be refinedby searchingwithin results. This is naturalin a tightly-coupledbrows-
ing andsearchingenvironmentwheresearchingwithin searchresultsis just like a hierarchy-constrainedsearchat a
browsingnode.

6.3 Browsing search result setsacrosssessions

Anotherenhancementis to allow usersto browsesearchsessions.Conceptually, all searchresult setsbehave like
browsenodesin the treeof queries.Clusteringresultsetsmay be achievedby clusteringthe queriesthatgenerated
them(queriesareclusteredanonymouslyacrossusersandsessions).At querysubmissiontime,a queryis matchedto
thenearestcluster. Thereforeevery searchresultpagehasa “memberof categories”or “also see”link field thatcan
beusedfor lateralbrowsingto theclusterof queriesor querysessionsthatcontainsit. This canhelpa userwho does
not know whatquerytermsareavailableto use.

7 Flexible Organization with Multiple CategoryViews

Thereis noreasonto imposeasingle-inheritancehierarchyonaninformationcollection[Fil03]. It is possibleto allow
morethanonehierarchicalorganizationof the samecollection. We refer to this asflexible organization.A non-IR
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exampleof wherethiswouldbeusefulis in capturingthemultiplewaysthatpeoplein abusinessorganizationactually
relate.Thereis theofficial organizationchartandtherearemultiple overlappingorganizationsub-chartsrepresenting
people’scontacts,collaborations,pasthistory, unofficial relationships,etc.Our conceptof flexible organizationis not
thata completelynew hierarchyis built. Instead,thesetof links thata nodein a graphhasareclustereddifferently.
Eachsuchclusteringis referredto asaview or virtual category. MEERCAT implementsflexible organizationthrough
statefulbrowsing of multi-viewed hierarchies.Multiple virtual categoriescanbe definedduring the dataingestion
phaseby specifyingan XML file detailingadditionalviews for any nodesthat needthem,in additionto the default
filesystemdirectoryhierarchy.

Any timeausernavigatesthehierarchy, atany nodewherethereis morethanclusteringof thechild nodes,they getto
pick theview or oneis chosenasthedefault. Furthernavigationdown thatsub-treehastheview at thatnodesavedin
thesessioninformation.Theremaybeacascadeof views,onefor eachnodenavigated.Whena userbacksup from a
nodeto its parent,theview historyis unrolledandthesameclusteringis presented.

Thedynamicclusteringof imagesbasedon capturetime metadatapossiblein MEERCAT shown in Figure4 is also
presentedasa virtual category view. As anotherexample,MEERCAT wasusedto createan index to a commercial
imagelibrary (thehpimages.comcollection).During theingestionphase,productimageswereclassifiednot just into
typecategories(theavailableorganization)but alsointo marketsegmentcategories.

Browsingof searchresultsets(Section6) canbecombinedwith virtual categoryviewsto createanevenmorepowerful
mechanismfor exploringahierarchy. In suchascenariotheuserpicksaview, gatherstargetdocuments,switchesto a
differentorganizationof thesamedocumentsub-treeandappendsmoretargetdocumentsto their resultset.

Automatic discriminator selection

At any nodein the tree,therecanbe a numberof attributesthatmaybe usedasdiscriminatorsfor a category view.
Pickingoneattributeresultsin onesetof clustersthatis orthogonalto theotherpossiblegroupings.Traditionally, only
onegroupingis possiblein informationhierarchies,usuallyfixed by the systemdesigner. Yeeet al [YSLH03] use
multi-facetedmetadatato referto a nodehaving asetof orthogonalattributes(facets),eachof whichcanbeusedasa
discriminator. In theiruserinterface,thedifferentpossibleindependentgroupingsatanodeor searchresultareshown
in a left panelin additionto individual resultdocuments.Our systemachievessomethingin betweenthesetwo by
displayingonly onegroupingat a time,but allowing theuserto pick from a list of discriminatorsto usedynamically.

A hand-craftedstatichierarchycanbe very usefulasa default. But ideally the usershouldbe ableto navigatethe
information using any combinationof attributesspecifiedat runtime. This is usually doneby providing a search
feature.However, the resultsof thesearchareagainusuallya flat listing, throwing away thebenefitsof a hierarchy.
Themethodsproposedearlierimproveuponthis,but they arestill constrainedby theoriginalbrowsinghierarchy. One
way to removethis limitation is to let thesystemautomaticallychoosethedimension(feature,attribute)to useto split
up (organize)themembersof anode.For example,themostdiscriminatingfeaturecanbedeterminedby runningany
of severalstandardpatternrecognitionmethods(e.g.Fisherdiscriminantanalysis,PCAanalysis).

Onecangeneralizethis to morethanonedimensionby generatinga two- or three-dimensionalvisualizationwhere
eachaxisof the displayrepresentseithera fixedattribute or somediscriminatorysubspaceaxis. Figure9 shows an
exampleof sucha scheme.Here low-level imagefeaturessuchascolor and texture areextractedoffline for each
image.Whenbrowsinga particularsub-collectionof images,thehigh-dimensionalfeaturesof thatsubsetof images
are reducedto two dimensionsusingan approximatealgorithm that maintainsdissimilarities[FL95]. The images
arethenlaid out to correspondto thesedimensions,resultingin similar imageslying nearbyanddissimilar images
beingfurther apart. Thus,the dimensions(attributes,features)to usein orderto bestseparatethe currentresultset
aredynamicallyandautomaticallydetermined.The first screenshotshows the initial resultsetof 1101imagesand
theuser’sselectionof a subsetof 78 imagesvia a rectangularregionselectiontool (this implementationusedJava for
theinterfaceandC for thedimensionalityreductionandwasviewedremotelyusingVNC [RSFWH98]).Thesecond
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screenshotshows thesubsetdynamicallyclusteredandlaid out.

(a) (b)

Figure9: Screenshotsof (a)startingresultsetand(b) dynamicclusteringin two dimensionsusingautomaticdiscriminatorselection.

8 RelatedWork

Cox [Cox92] proposeda systemfor informationaccessby browsingalone. Accordingto him, the querymodelhas
dominatedinformationretrieval becauseof thebelief thatbrowsingrequiresexaminationof toomany documents,but
searchinghasits own problems,namely:

� Userdifficultiesin queryformulation

� Null returnsandtoo many matches

� Variationin importanceof querycomponentsandtermdependencies

� Adaptationto differentformsof objectssuchaspicturesandsounds

� Findinggoodsurrogaterepresentationsfor objects.

Browsing,on theotherhand,hastheadvantagesof usinghumansspatialability to navigate,In hisproposal,searching
is entirelyeliminatedandasystembasedonBates“berry picking” model[Bat89] (verybriefly: theuser’s information
needs(natureof the query) evolve during a sessionand their needis not satisfiedby a final result setbut instead
by informationberriesthey pick over thewholesession)is presented.A rich setof interconnectednearest-neighbor
networksprovidesabrowsingstructure.Bothobjectsandsetsof objectscanhavemultiplesimilar-neighbornetworks.
Thereare multiple parallel networks consistingof nearestneighborlinks between(setsof) objectsand thereare
interconnectionsbetweenthenetworksthemselves.

Wemaymentionherethatsomeof theproblemswith searchingthatCoxsummarizesabovemaybeamelioratedby the
useof thetightly–coupledbrowse/searchtechniquespresentedin this paper. For example,“null returnsandtoo many
matches”canbesolvedby usingdynamicbrowse–trees(Section3) andhierarchy–constrainedsearching(Section2)
respectively. “Variationin importanceof querycomponentsandtermdependencies”will behelpedby usingfiltered
browsing(Section5), possiblyin conjunctionwith multiplecategoryviews(Section7).
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Theetymologicalhistoryof theword “browse” is broughtto thefore againin Pirolli andCard’swork on Information
Foragingtheory[PC99]. In thatwork, they citeDennett’scharacterizationof humansasinformavoresandsuggestthat
peopleadapttheir strategiesandtheinformationenvironmentto maximizetheir rateof gainingvaluableinformation.
Theiranalysisdevelopsthethemeof InformationScent,the(imperfect)perceptionof thevalue,costor accesspathof
aninformationsourceobtainedfrom proximalcues,suchasbibliographiccitations,links, icons,or summaries.

Bates[Bat90] analyzesinformationretrieval systemsin termsof 1) thedegreeof userinvolvementvs. systemautoma-
tion and2) thesize,or chunking,of activities that theusercandirect the systemto do at onceanddiscussescertain
usefulconfigurationsof thesetwo dimensions.

TheMicrosoft MSDN website(http://www.msdn.com)hasan interestingfeaturethatdisplaysa resultsetdocument
within its context in theMSDN documenthierarchy. A queryresultsin astandardlist of matchingdocumenttitleswith
summaries.Whenoneis selected,thisdisplaysthefull documentwith a left panelwith theexpandedhierarchypathto
thatdocument.Figure10shows theinitial resultsetformedby thequery“datawarehousedesign”on theMSDN site.
Clicking on thetophit presentsthetargetdocumentwith its context on theleft. This techniqueis somewhatsimilar to
thedynamicbrowse–treemethoddescribedin Section3.

The work on facetedmetadatafor flexible organization[YSLH03] by Marti Hearst’s groupat UC Berkeley is also
interestingin that it explicitly allows a userto choosetheorganizationof informationat a browsingnodeor a search
result set. The Cha-Chasearchengine[CHHL99] provides context for hits by organizingintranetsearchresults
dynamicallyinto a hierarchicaloutlinebasedon offline computationof theshortestpathsfrom theroot nodeto target
documents.This is similar to theideaof dynamicbrowsetreespresentedin Section3.

The WebGlimpseprototype[MGS96] allowed “any web site to offer a combinationof browsing andsearchingby
automaticallyanalyzingthe site, computingneighborhoods,andattachingsearchinterfacesto existing pages.The
searchwasefficient both in termsof time (neighborhoodsareexploredonly at indexing time) andspace(only one
small index persite)”.

TheScentTrailssystem[OC03] alsoattemptsto integratebrowsingandsearching.Searchbeginswith keywordmatch-
ing. Hyperlinksin a webpagethatpoint to documentswith high relevancy to thequeryarehighlightedin someway
(increasedfont size). Therearetwo problemswith this approach:first, any algorithmto estimateinformationscent
couldpossiblybe folded into theoriginal searchmatchingalgorithmto begin with; second,why useanalgorithmic
methodto estimatedocumentrelevanceto a query(scent)whena query-sensitive summary(e.g.,implementedasa
tooltip over thehyperlink)would let theuserdecidedocumentrelevancewithoutclicking through?

9 Conclusion

Browsingandsearchingarethetwo dominantmodesfor informationexplorationofferedby informationretrieval and
explorationsystems.However thesetwo modesareusually offeredseparatelyin termsof both the interfacesand
implementationsof mostinformationaccesssystems.Wearguethatthisdichotomyis unnaturalandsometimesforces
usersto take multiple stepsto achieve what could be donein onestepin a betterdesignedsystem.This paperhas
suggestedtechniquesto tightly couplethebrowsingandsearchinginformationaccessmethodswithout removing the
distinctionbetweenthetwo. Specificallywehavesuggestedthefollowing techniquesunderthis framework:

1. Hierarchyconstrainedsearching:usethenavigationhierarchyto constrainsearch.

2. Dynamicbrowsetrees:anew methodto organizesearchresultsetsusingthenavigationhierarchy.

3. Filteredbrowsing:continuousqueryingduringbrowsingnavigation.

4. Mergesearch:mergingsearchresultsetsacrossnon-contiguousbrowsingnodes.
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(a)

(b)

Figure10: Screenshotsof (a) initial resultsetlisting and(b) targetdocumentpresentationin context on theMSDN websitefor the
query“datawarehousedesign”.
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5. Makingsearchresultsetsequalcitizens:allowing browsingnodeoperationsonsearchresultsetnodes.

6. Flexible organizationwith multiple category views: allowing a browsing node’s contentsto be organizedin
multiplecomplementaryways,eitherstaticallyor dynamically.

Thesetechniquesaredesignedto allow theuserto usetheappropriatemethodat every stepof aninformationexplo-
ration sessionwithout losing any work alreadydone. Useof thesetechniquesby designersof informationretrieval
systemswill helpcreatea quickerandmorenaturalinformationexplorationexperiencefor theuser.
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