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Abstract

User studies,evaluations,and comparisonf tree visualizationsystemsaveso far focusedon questionghat
canreadily be answeed by simple automatedjuerieswithout needingvisualization.Studiesare lacking on the
actual useof treevisualizationin discoveringintrinsic, hidden,non-trivial and potentially valuableknowledg.
We havethusformulateda setof treeexploration tasksnot previouslyconsideedandhaveperformeduserstudies
and analysisto determinehow visualizationhelpsusess to performthesetasks.In our study we evaluatedthree
systemsRINGS(a node-linkrepresentation),Treemap(a containmentepresentation)and Windows Explorer.
Our ndings sugyesta few waysthat tree visualizationhelpsuses to perceivedifferent aspectsf hierarchical
structuredinformation.We thenexplain howthesevisualrepresentationsre ableto trigger humanperceptionto

male thesediscoveries.

Categoriesand SubjectDescriptors(accordingto ACM CCS} 1.3.6 [Methodology and Techniques]interaction
techniquesH.5.2[UserInterfaces]:Evaluation/methodology

1. Intr oduction

Becausemary importantapplicationsdeal with hierarchi-
cal data,a numberof different tree visualizationsystems
have beendeveloped.Thesetree visualizationdesignsfo-

cuson graphicalrepresentatiorand layouts,and have im-

proved focus+contgt, useof space andeaseof navigation

throughvery large hierarchiesA few userstudies,evalu-

ationsand comparisonave beenperformedon combina-
tions of differenttreevisualizationsystemsHowever, these
studieshave mainly focusedon usersperformingtasksthat

can readily be handledby simple, automatedgueries.No

onehasyet performeda comprehensie analysisof whether
treevisualizationis ableto yield valuable,non-trivial, hid-

denknowledgenot easilyfound by non-visualmethods.

Knowledgediscoveryis de ned asthe"non-trivial extrac-
tion of implicit, previously unknavn, andpotentiallyuseful
informationfrom data."[FPSM93. Keim [Kei0Z promotes
the useof visualizationfor knowledge discovery sayingit
combinesthe " e xibility, creatvity andgeneralknowledge
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of the humanwith the enormousstoragecapacityandcom-
putationalpower of today's computers."While mary sys-
tems are able to representreesvisually and allow users
to navigate the structure,we are interestedin nding out
whethertree visualizationcan corvey the informationin a
way thatcanhelpusers'gaininsightinto thedata".[Kei02Z]

In our study we seekanswersto one very important
andfundamentabuestionthat hasnot beensufciently ad-
dressedbefore: "Does tree visualization help to discover
previously unknovn knowledge?"Previous studieshave fo-
cusedon how well tree visualizationsystemsallow their
usersto navigate throughthe hierarchiesand how quickly
userscanlocateinformation.Our study in contrastfocuses
on whethercertaintreevisualizationsystemsareableto vi-
suallypresenthedatasothatnon-trivial, hiddeninformation
becomewisible.

In our approach,we rst examined previous user
studies, comparisons,and evaluations. We then con-
ducteda userstudy to investigate what independentisers
can discover from visualizing a directory using RINGS
(Ringedinteractie Navigation GraphSystem) TM02] and
Treemap[Shn92 tree visualizationsystems,comparedto
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using a more commondirectory exploration system,Win-
dows Explorer We formulatednon-trivial tasksthatarenot
easilyanswerablghroughsimple automatedscripts. These
guestionsfocusedon detectingsimilarities and differences
in the hierarchicaldataset\We thenanalyzechow treevisu-
alizationrevealstheseinsights.

We separatedubjectsinto threegroupswith eachgroup
exploring the sametree structureusinga differentdirectory
system.We comparedand analyzedthe time taken for the
usersto answerthe questionsin our study To investicate
how differentvisualrepresentationarebettersuitedfor dis-
covering differentinsights,we investicatedthe differences
in users'performancédetweerthevisualizations.

Becausea treeis anabstractatastructurewith nointrin-
sic spatial meaning,different visualizationmethodstrans-
form hierarchicalinformation into a graphicaldisplay in
differentways. Thesetransformationsnay or may not re-
veal hidden patterns.We use RINGS and Treemapin our
studybecaus&INGS usesa node-linkrepresentatiowhile
Treemapusesa containmentepresentationOur goal is to
determineif RINGS and Treemapareableto help usersin
our list of knowledgediscorery tasksmore than Explorer
can.

2. RelatedWork

Marny different tree visualizationmethodscurrently exist.
Examplesinclude three-dimensionalisualizationmethods
suchasMunzners hyperbolictree[Mun97] andKleiberg's
botanicaltree[KvdWWO01] aswell asrecentgraph-draving
algorithms such as Kreuseleret al!'s tree [KLS0Q] on a
hemisphereThelattertwo provide goodnavigation andfo-
cus+contgt solutions.ConeTree[RMC9]] is anothervery
well-known andcommonly-usednethod,andanaugmented
version[CK95] includesa userstudywith taskssimilar to
thoseof otheruserstudies(eg. nd the largest le). Enc-
Con [NHO05] usesan enclosure+connectiomethodto lay
out the tree, making good use of the available space,and
providesfocus+contgt mechanisms.

A numberof userexperimentson tree visualizationsys-
temsareconductedo comparetheir performancesk-or ex-
ample Organizationchart,icicle plot, Treemapandtreering
areevaluatedn thecontet of decisiontreeanalysig BNO1].
Tasksincludedecidingif atreeis binary or n-ary, deciding
if atreeis balancedr unbalancedand nding the deepest
commonancestorof a tree. Usersare also testedon their
ability to memorizethelocationof anode.

Kobsa[Kob04 conductsa comparatie experimentvisu-
alizing le directorytreesusing vewell-known treevisual-
ization systemsand Windows Explorer Usersarerequired
to complete fteen tasks,suchas nding the mostrecently
modi ed le, a le with ".css"extension,andthe directory
with the mode".png" les. Completiontimes, correctness
andusersatishctionareusedascriteria. This studyexplains

differencedy referringto characteristicsf thevisualization
paradigmjnterfaceproblemsandmissingfunctionalitythat
male certaintypesof tasksdif cult and/orslow down users.

A controlledexperimentcompare$paceTeeto two other
interfacesand analyzeshe impactof interfacefeatureson
thetime to performnavigationtasksto new andalreadyvis-
ited nodes,and topology evaluationtasks[PGB0J. Three
typesof tasksareused:nodesearchessearchof previously
visitednodesandtopologyquestions.

In Pirolli etal!s [PCWO03 study the Hyperbolicbrowser
is comparedo Windows Explorer Usersaretestedoninfor-
mationretrieval tasksandcomparisoriasks andtheir perfor
manceds analyzedn termsof visualsearchyisualattention,
and"informationscent”.

A small user study [VHVWO02], comparing Beamtree
to nested Treemapand cushion Treemap,indicates that
Beamtreds signi cantly more effective thanthe othertwo
treesfor the extraction of global hierarchicalinformation
suchasmaximumdepthandbalance.

We noticethatall the questiongposedin the above user
studiescanbe easilyansweredvithout a treevisualization.
A simple query or searchcan sort les by size or other
attributesto accomplishsometasks. Likewise, automated
scriptscan nd information such as the deepestsub-tree,
numberof descendantsnuch more quickly thana human
usercanthroughtreevisualization.The InfoVis 2003Con-
test: Visualizationand Pair-Wise Comparisorof Treesalso
containsa long list of questiondor the contestparticipants
to answelsingtreevisualization Many of thesetasksover
lap with the questiongposedto subjectsin the userevalu-
ationslisted above. In addition, the contestalso containsa
few lesstrivial questionssuchas"Did arything changejn
generalprin asub-tree?and"Weretheresmallchange®r
major changes?However, dueto the natureof the contest,
the contestentriesdo not provide ary comprehensie study
of how visualizationcanhelpanswerthesequestions.

In our study our goalis to investigatehow visualizations
cananswemoreabstractndlesseasilyde nablequestions,
so we choosequestiongthat cannotbe easily answeredoy
automatedjueries As we areinterestedn investigatingthe
effect of differentvisual representationsen the knowledge
discorered,we choosetwo tree visualizationsystemswith
signi cant differencesWe comparethe users'performance
onthesewo systemsaswell asWindows Explorer We give
the usersa setof tasksto perform,andinvesticateif these
taskscanbe more easily performedby visualizationusers,
andif avisualizationfacilitatethediscovery of someknowl-
edge.

3. Directory SystemsStudied

We areinterestedn investigating the effect of differentvi-
sual representationsn the knowledgediscorered.RINGS
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Figure 1: WindowsExplorer uses foundthedirectory"pic"
veryhomaeneous.

and Treemapare two signi cantly differenttree visualiza-
tions.We comparetheusers'performancen thesetwo sys-
tems,aswell asWindows Explorer

3.1. Windows Explorer

Windows Exploreris awidely usedapplicationfor le man-
agementsshavn in Figure 1. In our experiment,the Win-
dows Explorerwindow shaws the contentsof the currently
selecteddirectory including its sub-directoriesand les.
Eachcomponenis representedby a smallicon. All direc-
tories sharethe sameicon, and le iconsare classi ed by
the le types.NoticethatWindows Exploreralsoprovidesa
treeview shaving the hierarchicalstructureof the directo-
ries. Sincewe wantto comparea 'non-visual' systemwith
treevisualizationswe only usethe 'non-visual' featuresof
Windows Explorer Thus,userswverenot allowedto usethis
treestructureto look for answersxceptsearchingandopen-
ing onefolder.

3.2. RINGS

RINGS is a tree visualizationsystemwith a ringed circu-
lar layout of nodesas shavn in Figure 2. A nodeandall
its childrenareplacedin acircle. Equal-sizectirclescorre-
spondingto childrenare placedin concentricrings around
the centerof the parentcircle. To visualize les anddirec-
tories, eachfolder is representedvith a node,andall sub-
directoriesand/or les are placedin the concentriccircles
aroundthatnode.Userscanmapcolorinformationto differ-
entpropertiesjncluding le size,numberof subdirectories,
pathlengthfrom root, andlastmodi ed time. In this experi-
ment,coloris selectedo representhesizeof les. All les
lessthantheuserspeci edthresholdareshavn in onecolor,
while all les above thethresholdarecoloredaccordingo a
colorgradient.
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Figure 2: RINGSusesfoundthedirectory"pic" veryhomo-
geneous.

3.3. Treemap

Treemapis a space- lling tree visualizationmethodcapa-
ble of representindarge hierarchieswith the full hierarcly
mappedonto a rectangularegion asshavn in Figure 3. It
works by partitioningthis region into a nestedsequencef
smallerrectanglesepresentinghetreestructurelt is partic-
ularly effective atrevealingattributesof leafnodeausingsize
andcolor coding.Userscanspecifythe presentatiomf both
structural(depthbounds etc.) and content(display proper
ties suchas color mappings)information. It wasoriginally
designedo visualizedirectorieson disk with eachleafnode
representingne le, andthecolorandsizeof eacheafnode
arecodedaccordingto someparticularattributesof les in-
cluding le type, le size andcreateddate. The Treemap
systemusedin our experimentis the version4.1.0 down-
loadedfrom http://www.cs.umd.edu/hcil/treemapVhe sys-
temmapsle sizeto rectanglesize,andcolorcodeghe les
by their le extensions.

4. Experiment Design

Sincethereis lack of a standarddirectoryasa benchmark
to evaluatetree visualizationsystemswe use a directory
of a graduatestudentresearchingscienti ¢ visualizationas
the test hierarcly in our experiment. This directory con-
tains 48,552 les and4,896directories,and the maximum
depthis 10. 18 usersparticipatedin the experiment.They
areall studentdrom eightdifferentdepartmentin the Uni-
versity of California, Davis. They all have atleast veyears
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Figure 3: Treemapusess foundthe directory"pic" very ho-
mageneous.

of experienceusingcomputersPrior to participatingin the
experiment,none of the usersis familiar with the RINGS
or TreemaptreevisualizationsystemsTen of the usersare
male,andeightarefemale All have usedWindows Explorer
before.

To avoid the possibility of effects betweensystems,a
between-subjechethodwasused We randomlydividedthe
subjectsinto threeequalgroupsof six. Eachgroup useda
different piece of software to visualizethe working direc-
tory.

Sincetree visualizationsare usedto corvey hierarchical
structure,we focusedour taskson directory's hierarchical
information.Beforestartingthe experimenteachsubjectre-
ceived a shortten-minutetraining to introducethe visual-
izationandinteractiontechnique®f thetools. The subjects
beganthe experimentby answeringa shortsunwey, andthen
eachsubjectwasasledto performthefollowing six tasks.

1. Findtwo or moredirectorieghatare"similar".

2. Findtwo or moredirectorieghatare"verysimilar*to one
another

3. Findtwo or moredirectorieghatare"slightly similar” to
oneanother

4. Findtwo or moredirectorieshatare"similar” to onean-
otherbut aredifferentfrom thosein the rst task.

5. Find ve or more directoriesthat are mutually "signif-
icantly different” from one another Which two arethe
most"different"from eachother?

6. List a few "very homogeneoustirectories.List a few
"ratherhomogeneoustirectoriesList afew "ratherhet-

erogeneous'tirectories.(A homogeneouglirectory is
onewhereits sub-directoriesare similar or only belong
to a few types.A heterogeneoudirectoryis onewhere
its sub-directoriesre differentfrom one anotheror be-
long to mary differenttypes.)

The completiontime of eachtaskwasrecorded Subjects
were allowed to ask questionsbetweentwo tasksbut not
while performingatask.

Unlike questionsasledin otheruserstudiesthe answers
to thesequestionsarenot easilyfound by simpleautomated
gueries.Thesequestionsare also subjectve in nature,and
wordslike "similar", "signi cantly different"and"ratherho-
mogeneouséllow considerabldatitudein their interpreta-
tion. The intentionalimprecisionof languageallows users
more freedom,andthe differencein their answeramay re-
veal differencedn the systemshey use.Visual exploration
is goodfor suchopen-endedasks."Visual dataexploration
is especiallyusefulwhenlittle is known aboutthe dataand
theexplorationgoalsarevague."[Kei0Z]

After answeringtheseguestionseachsubjectwasasled
how dif cult the questionsvere,from 1 (easy)to 5 (dif -
cult). They werethenasled to explore the directory for at
least ve minutes,andanswertwo questionsabouttheir in-
sightsandthe mostinteresting ndings. At the end of the
experiment,groupsusing RINGS and Treemapwere asked
whethertherewere ary featuresof the systemwhich they
thoughtwerebetteror worsethanthe systemusuallyused.
Becausell subjectaiseWindows regularly, thegroupusing
Windows wasnot aslkedthis question.

5. Experiment Results

In this section,the three systemsare comparedaccording
to answerclassi cation, directorydepth,and users'perfor
manceanddif culty .

5.1. Categorizing Users' Answers

In our experiment subjectavererequiredto give a brief ex-

planationafter eachanswer After a thoroughexamination
on the answerswe built a setof catgoriesto classify all

the answersin termsof the explanationsgiven. The cate-
goriesincludename,number type, size,content,andstruc-
ture.They areall propertiesof a le directory Tablel gives
thedescriptionandexamplesof thesecateories.

Thesecatgyoriesarenotexclusive. Oneanswercanpossi-
bly fall in two or morecateyories.For example subjectElin
Questionl said,"Their namesaresimilar, andcontainsimi-
lar numberof les andsub-folders. Thisanswerful lls two
catgories:nameandnumber Notice thatwe usetwo char
actersto represensubjects.The rst charactercanbe 'E',
‘T, and'R' to represenWindows Explorer Treemapand
RINGSrespectiely. The secondcharacteis the numberof
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Table 1: Categoriesof answes basedon the explanations.

Catgory Description Exampleselectedrom useranswers
Name le and/ordirectoryname Foldernamesaresimilar
Number le and/orsub-directorynumber Thenumbersof their les andsub-directoriesrethesame
Type le type Onecontainsmary .mp3 les, andtheotheraremostdocumentles
Size le and/ordirectorysize Both of themhave les from very big sizeto very smallsize
Content | containidenticalor different les or sub-directories They look like the snapshotsf oneprojectat two differenttimes
Structure the constructiorof thedirectory Both thesetwo folderscontain les, sub-directorieandsub-sub-directories

onesubjectin thegroup.Elis the rst subjectin Windows
Explorergroup.

One answercatagory may actually have different visu-
alizationforms in differentsystemsFor example, le and
directory size are encodedwith grid size in Treemap,but
with colorin RINGS. Typeis decodedy colorin Treemap,
andby iconsin Windows Explorer We classifythe answers
basednthepropertieof the le directory notonthevisual-
ization methodusedto discover the property A propertyof
a le directorycanbe shavn by differentvisual properties
in differentvisualizationsystemsBy classifyingbasedon
directorypropertyalone,we make surethatno matterwhat
visualizationtools are emplgyed, the catgyoriesremainthe
same.

Figure 4 shavsthepie graphof cateoriesin eachsystem.
Thestructurecateyory in Windows Explorerincludesexpla-
nationsrelatedto whetheronedirectorycontainsles and/or
sub-directoriesand which content, le or sub-directoryis
dominant.Although Windows Exploreralsoprovidesatree
view thatshavs the hierarchicaktructureof the le directo-
ries, usersdid not usethis treestructureto look for answers
exceptwhensearchingand openinga folder. No answeris
basedn size,probablybecausét is notvisually displayed.

In TreemapandRINGS, the answersn the structurecat-
egory includeary knowledgegainedfrom the arrangement
andlayoutof gridsor circles,suchaswhetheronedirectory
containsles and/or sub-directoriesandwhich content, le
or sub-directoryis dominant.Notice that the structurein-
formationin Treemapand RINGS providesthe layout and
shapein moredetail, suchasthe contentsof sub-directory
directory hierarcly. In contrast,structurein Windows Ex-
ploreris relatively shallow, sinceit canonly shav the im-
mediateles or sub-directorie®f onefolderbut notthe les
andsub-directoriesn deepetevels.Structurds thecateory
usedmostby Windows Exploreruserswhich indicatesthat
Windows Explorer usersmostly relied on relative shallov
informationcomparedvith TreemapndRINGSusers.

Anothersigni cant nding is that Treemapusers,unlike
Windows Explorerusers,pay more attentionto namethan
numberA likely causeis thatin Treemap,les from differ-
enthierarcly levelsarevisible within asingledisplay which
malesit easierto compareghenameslin contrastWindows
Explorerusershave to browseinto directoriesto determine
whetherthey aresimilar or different,henceuserscannotre-
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memberdetailedinformation suchas name.They tend to
keepin mind a generalsenseof previously explored fold-
ers.Thatis why structureandtype are usedmostoften by
Windows Explorerusers.

All theanswergyivenby RINGSusersfall into threecat-
egories.No answeris obtainedfrom le nameor type. Al-
though RINGS displaysthe nameof directoriesand les,
no userspaid attentionon the le names.Thereare three
potentialreasongo explain this phenomenorfirst, RINGS
only shavsthe le anddirectorynamesof the currentlevel.
Like Windows Explorerusers RINGS usersalsohave dif -
culty rememberinghe le nameswhile browsing. Second,
RINGS provides much information with color and shape.
They are good enoughto assistusersto nd out the an-
swers.Third, both Windows Explorerand Treemapencode
le typeswith visualpropertiesyhile RINGSmerelyshavs
thetypesastext attheendof the le names.

5.2. Directory Depth

Directorydepthis thepathlengthfrom therootto thecurrent
directory Therootdirectoryhasa depthof zero.Forthe ve
similar anddifferenttasks thereareatotal of thirty answers
for eachsystemlIn RINGS, only two answerscontainfold-
erswith differentdepths However, in Treemapeightof the
answerwith foldersarefrom differentdepths Thisimplies
that Treemapgomparedo RINGS, shavs moreknowledge
atdifferentdepthsThisis dueto thedifferencein layoutbe-
tweenthem.In Treemap,a le' s positionand size are not
dependenbnits depth.In contrast RINGS usessizeto en-
codethedepthinformation:smallercirclesrepresentleeper
directoriesThis propertyof RINGScausesiserdo compare
directoriesin thesamedepth.

Comparedwith Windows Exploret both RINGS and
Treemapprovide moreinformationin deeplevels.As shavn
in Figuresl, 2, and 3 Windows ExplorerusersE4 and E5
foundthe"pic" directoryto be"very homogeneous,'while
RINGS usersR2 and TreemapusersT4 and T5 found it
"rather heterogeneous'This may be becauseRINGS and
Treemapusersareableto seebeyondthesecondevel in the
hierarcly. TheRINGSandTreemapisplaysshawv that"pic"
hasmary immediateles, andafew at sub-directoriesThe
immediateles in "pic" dominatethe view of Windows Ex-
plorer, andthe icons shov that they belongto only a few
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Figure 4: The propertiesof the le directory ead subjectusedto derive the answes to the questionsUsers of Windows
Explorer, RINGSand Treemaprelied on different directory properties,indicating that ead systemis suitedto discovering

differentknowledg.

differenttypes.Userscannotseethetypes,depthsandnum-
bersof les in thesub-directoriegrom this view. Thediffer-
encein opinionindicateghatWindows Explorerusersocus
on the immediate les of the directory while visualization
userscanmoreeasilyperceve informationin deepefevels
of thetreeandhenceobtainbetterhierarchicainformation.

5.3. Users' Performanceand Dif culty

Figure 5 shavs the averagetask completiontimes by task
andby systemused.The averagecompletiontimespertask
of RINGS, Treemapand Windows Explorerare3.20,3.03,
and4.17minutesrespectiely. Theaverageime of Windows
Exploreris approximatelyone secondlonger than that of
theothertwo systemsANOVA (analysisof varianceshavs
thatthecompletiontimesof RINGSandTreemaparesignif-
icantly shorterthan Windows Exploret with p < :05. Such
alow p valueattestgo the consisteng of theresults.

In the lastthreetasks,Windows Exploreruserstook sig-
ni cantly longerthandid usersof theothertwo visualization
systemsOnepossiblereasons thatthe rst threetasksare
to nd "similar" directories,andtwo subjectsof Windows
Explorersaidthatthey justchecledthestructureof directo-
rieswith similar namesTheseusersdid not attemptto nd
structuralsimilarity. For the last threequestionsWindows
Explorer userswere forcedto nd structuralinformation
deeperin hierarcly, and so they were forcedto take more
time.

According to our surney, comparedto RINGS and
TreemapusersWindows Explorerusersalsoexpressedig-
ni cantly moredif culty in answeringhetasks.Onascale
of 1 (easy)to 5 (dif cult), themeanscoregivenby RINGS,
TreemapandWindows Exploreruserswas2.5,2.5,and3.9
respectiely asshavn in Figure 6. This shavs that RINGS

Figure 5: Theavelage timetakenby uses to completecach
taskusingead system.

andTreemapareableto improve users'perceptionof some
patternsin the le directorystructureand helpedthemdis-
cover someknowledge more easily than in Windows Ex-
plorer In addition,the useof colorin RINGS andTreemap
providesaway for userto use"their primarily preattentie,
parallelprocessingpowersof visualperception.[WTP 95]

Figure 7 is an exampleof two similar directoriesfound
by one RINGS user One Windows Exploreruseralsodis-
coveredthis pair of similar directories.The RINGS screen-
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Figure 6: Thedif culty in answeringthe questionsby the
eighteersubjectswith thethreesystems.

shotshaws the parentdirectory“others"of thesetwo direc-

tories.We seea distinctly similar patternin thesetwo sub-

directoriesthat is different from the other sub-directories.
Both "viewpolymodel" and "viewpointmodel" have mary

les, onesub-sub-directorwith a few les, andone sub-

sub-directorywith two les. Furthermorethe sizesof the

les containedin thesetwo directoriesare similar. The re-

sultis adistinctpatternin colorandshapeA Windows Ex-

plorer userwould have to go into eachof the directories
anddiscover similarity in le namessizesand numberof

sub-directoriesThus, Windows Explorer userexperienced
greaterdif culty in gettingthis answer The Windows Ex-

plorerusertook veminutesto nd thissimilarity, while the

RINGS usertook only two minutes.

5.4. Other Findings

In our questionnaireincluded after the usertests, several
RINGSuserqdR1,R2,R3andR4)likedits ability to display
global structuralinformation, and Treemapusers(T1, T2,
T4 andT5) likedits ability to displaysizeinformation.User
R2 mentionedthatit is sometimedif cult to nd the par
entdirectoryin RINGS.R3 commentedhatit is sometimes
dif cult to seethe namesof the directories.Treemapuser
T3 mentionedhatafterclicking on a sub-directoryit opens
andtakesupthewholeplane but beingableto browsewith-
outlosingtrackof the currentpositionwould be preferable.
Thiscommenindicategheneedfor morefocus+contgt so-
lutionsto this particularimplementatiorof Treemaple di-
rectoryvisualization.UserT5 mentionedhatthe hierarchi-
calrelationsbetweerthedirectoriesarenotclear whichis a
well-known weaknes®f thisimplementatiorof Treemap.

6. Conclusionsand Futur e Work

We have performeda studyto nd the effectivenessf tree
visualizationmethodsin aiding knowledge discovery. Ex-

isting userstudiesand analysishave focusedon answering
simplesearctor identi cation questionsvhoseanswersan
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Figure 7: An exampleof two similar directories("viewpoly-
model"and"viewpointmodel")abelled1 and 2 respectively
in the gure) foundby both RINGSuserand WindowsEx-
plorer user

by foundmoreef ciently by automatedjuerieghanby visu-

alization.Our study is uniqgueaswe have formulatedques-
tions which are not easily answerecdy simple algorithmic
searchesothatwe candeterminavhetherthevisualpercep-
tion of le hierarchiexanhelp discorer deepernon-trivial

knowledge.

Fromour experimentswe nd thatthetreevisualization
systemsRINGS and Treemaptendto helpusersmalke cer
tain typesof discoveriesin the le directorytree.First, the
ability of RINGSandTreemapusersto usethe "shape'and
"arrangementdf thetreestructureto answermguestionss an
important nding becausehey arepropertiesnot easilyde-
scribedandcorveyed by algorithmicmethodsyet they have
directly led to discovery of useful knowledge.Our experi-
mentsshow thatthis ability is oneof thekey contritutionsof
treevisualizationto thediscovery of knowledgein hierarchi-
cal data.Secondwe nd thatvisualizationusersare better
ableto perceve the number depthandarrangemenof sub-
directoriesand les in several depthswithin one directory
whereasVindows Explorerusergendto focusontheimme-
diate les andsub-directoriesn thetop level. Third, we nd
that Windows Exploreruserstook signi cantly longerthan
did RINGSandTreemapusergo completetheir giventasks.
Windows Explorerusersalsoexpressedhatthey foundthe
tasksmoredif cult thandid the RINGSandTreemapusers.

Differencesn visual representatiomnf treesalsoleadto
differencesin information gained. Our experimentresults
shawv that Treemapcan shav the namesand sizesof les
better RINGS is very effective at presentinghe depthin-



Y. Wang S.T. Teoh& K. Ma/ Evaluatingthe Effectivenessf TreeVisualizationSystem$or Knowledg Discovery

formationof les andsub-directoriesn the hierarcly. Us-
ing icons,Windows Exploreruserscanquickly perceve the
typesof les in adirectory In otherwords,the usersshould
choosehevisualizationmethodaccordingto their goals.

RINGS and Treemapare not the only waysto mapa hi-
erarcly to graphicafforms.Othertechniquegouldfacilitate
differentdiscoveries.On the otherhand, it is alsonecessary
to studya variety of differenttypesof treedatasuchasthe
treeof life.
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