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Abstract
User studies,evaluations,and comparisonsof treevisualizationsystemshaveso far focusedon questionsthat
can readilybeansweredby simple, automatedquerieswithoutneedingvisualization.Studiesare lacking on the
actual useof treevisualizationin discovering intrinsic, hidden,non-trivial and potentiallyvaluableknowledge.
Wehavethusformulateda setof treeexploration tasksnotpreviouslyconsideredandhaveperformeduserstudies
andanalysisto determinehowvisualizationhelpsusers to performthesetasks.In our study, weevaluatedthree
systems:RINGS(a node-linkrepresentation),Treemap(a containmentrepresentation),and WindowsExplorer.
Our �ndings suggesta few waysthat treevisualizationhelpsusers to perceivedifferent aspectsof hierarchical
structuredinformation.We thenexplain howthesevisualrepresentationsare ableto trigger humanperceptionto
make thesediscoveries.

Categoriesand SubjectDescriptors(accordingto ACM CCS): I.3.6 [Methodologyand Techniques]:Interaction
techniques;H.5.2[UserInterfaces]:Evaluation/methodology

1. Intr oduction

Becausemany importantapplicationsdeal with hierarchi-
cal data,a numberof different tree visualizationsystems
have beendeveloped.Thesetree visualizationdesignsfo-
cus on graphicalrepresentationand layouts,and have im-
proved focus+context, useof space,andeaseof navigation
throughvery large hierarchies.A few userstudies,evalu-
ationsandcomparisonshave beenperformedon combina-
tionsof differenttreevisualizationsystems.However, these
studieshave mainly focusedon usersperformingtasksthat
can readily be handledby simple, automatedqueries.No
onehasyet performeda comprehensive analysisof whether
treevisualizationis ableto yield valuable,non-trivial, hid-
denknowledgenoteasilyfoundby non-visualmethods.

Knowledgediscoveryis de�nedasthe"non-trivial extrac-
tion of implicit, previously unknown, andpotentiallyuseful
informationfrom data."[FPSM92]. Keim [Kei02] promotes
the useof visualizationfor knowledgediscovery sayingit
combinesthe "�e xibility , creativity andgeneralknowledge
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of thehumanwith theenormousstoragecapacityandcom-
putationalpower of today's computers."While many sys-
tems are able to representtreesvisually and allow users
to navigate the structure,we are interestedin �nding out
whethertreevisualizationcanconvey the information in a
way thatcanhelpusers"gain insightinto thedata".[Kei02]

In our study, we seek answersto one very important
andfundamentalquestionthathasnot beensuf�ciently ad-
dressedbefore: "Does tree visualizationhelp to discover
previously unknown knowledge?"Previousstudieshave fo-
cusedon how well tree visualizationsystemsallow their
usersto navigate throughthe hierarchiesand how quickly
userscanlocateinformation.Our study, in contrast,focuses
on whethercertaintreevisualizationsystemsareableto vi-
suallypresentthedatasothatnon-trivial, hiddeninformation
becomesvisible.

In our approach, we �rst examined previous user
studies, comparisons,and evaluations. We then con-
ducteda userstudy to investigate what independentusers
can discover from visualizing a directory using RINGS
(RingedInteractive NavigationGraphSystem)[TM02] and
Treemap[Shn92] tree visualizationsystems,comparedto
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using a more commondirectory exploration system,Win-
dows Explorer. We formulatednon-trivial tasksthatarenot
easilyanswerablethroughsimpleautomatedscripts.These
questionsfocusedon detectingsimilaritiesanddifferences
in thehierarchicaldataset.We thenanalyzedhow treevisu-
alizationrevealstheseinsights.

We separatedsubjectsinto threegroupswith eachgroup
exploring thesametreestructureusinga differentdirectory
system.We comparedandanalyzedthe time taken for the
usersto answerthe questionsin our study. To investigate
how differentvisualrepresentationsarebettersuitedfor dis-
covering different insights,we investigatedthe differences
in users'performancebetweenthevisualizations.

Becausea treeis anabstractdatastructurewith no intrin-
sic spatialmeaning,different visualizationmethodstrans-
form hierarchicalinformation into a graphicaldisplay in
different ways.Thesetransformationsmay or may not re-
veal hiddenpatterns.We useRINGS and Treemapin our
studybecauseRINGSusesa node-linkrepresentationwhile
Treemapusesa containmentrepresentation.Our goal is to
determineif RINGS andTreemapareableto help usersin
our list of knowledgediscovery tasksmore than Explorer
can.

2. RelatedWork

Many different tree visualizationmethodscurrently exist.
Examplesincludethree-dimensionalvisualizationmethods
suchasMunzner's hyperbolictree[Mun97] andKleiberg's
botanicaltree[KvdWW01] aswell asrecentgraph-drawing
algorithms such as Kreuseleret al.'s tree [KLS00] on a
hemisphere.Thelatter two provide goodnavigationandfo-
cus+context solutions.ConeTree[RMC91] is anothervery
well-known andcommonly-usedmethod,andanaugmented
version[CK95] includesa userstudywith taskssimilar to
thoseof other userstudies(eg. �nd the largest �le). Enc-
Con [NH05] usesan enclosure+connectionmethodto lay
out the tree,making good useof the available space,and
providesfocus+context mechanisms.

A numberof userexperimentson treevisualizationsys-
temsareconductedto comparetheir performances.For ex-
ample,Organizationchart,icicleplot,Treemap,andtreering
areevaluatedin thecontext of decisiontreeanalysis[BN01].
Tasksincludedecidingif a treeis binaryor n-ary, deciding
if a treeis balancedor unbalanced,and�nding the deepest
commonancestorof a tree.Usersare also testedon their
ability to memorizethelocationof anode.

Kobsa[Kob04] conductsa comparative experimentvisu-
alizing �le directorytreesusing� vewell-known treevisual-
izationsystems,andWindows 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
andusersatisfactionareusedascriteria.Thisstudyexplains

differencesby referringto characteristicsof thevisualization
paradigm,interfaceproblems,andmissingfunctionalitythat
makecertaintypesof tasksdif�cult and/orslow down users.

A controlledexperimentcomparesSpaceTreeto two other
interfacesandanalyzesthe impactof interfacefeatureson
thetime to performnavigationtasksto new andalreadyvis-
ited nodes,and topology evaluationtasks[PGB02]. Three
typesof tasksareused:nodesearches,searchof previously
visitednodesandtopologyquestions.

In Pirolli et al.'s [PCW03] study, theHyperbolicbrowser
is comparedto WindowsExplorer. Usersaretestedon infor-
mationretrieval tasksandcomparisontasks,andtheirperfor-
manceis analyzedin termsof visualsearch,visualattention,
and"informationscent".

A small user study [vHvW02], comparing Beamtree
to nestedTreemapand cushion Treemap,indicates that
Beamtreeis signi�cantly moreeffective thanthe othertwo
treesfor the extraction of global hierarchicalinformation
suchasmaximumdepthandbalance.

We noticethat all the questionsposedin the above user
studiescanbeeasilyansweredwithout a treevisualization.
A simple query or searchcan sort �les by size or other
attributes to accomplishsometasks.Likewise, automated
scripts can �nd information suchas the deepestsub-tree,
numberof descendantsmuch more quickly than a human
usercanthroughtreevisualization.The InfoVis 2003Con-
test:VisualizationandPair-Wise Comparisonof Treesalso
containsa long list of questionsfor thecontestparticipants
to answerusingtreevisualization.Many of thesetasksover-
lap with the questionsposedto subjectsin the userevalu-
ationslisted above. In addition,the contestalsocontainsa
few lesstrivial questions,suchas"Did anything change,in
general,or in a sub-tree?"and"Weretheresmallchangesor
majorchanges?"However, dueto thenatureof thecontest,
thecontestentriesdo not provide any comprehensive study
of how visualizationcanhelpanswerthesequestions.

In our study, our goal is to investigatehow visualizations
cananswermoreabstractandlesseasilyde�nablequestions,
so we choosequestionsthat cannotbe easilyansweredby
automatedqueries.As we areinterestedin investigatingthe
effect of differentvisual representationson the knowledge
discovered,we choosetwo treevisualizationsystemswith
signi�cant differences.We comparetheusers'performance
onthesetwo systems,aswell asWindowsExplorer. Wegive
the usersa setof tasksto perform,andinvestigate if these
taskscanbe moreeasilyperformedby visualizationusers,
andif avisualizationfacilitatethediscoveryof someknowl-
edge.

3. Dir ectory SystemsStudied

We areinterestedin investigating the effect of differentvi-
sual representationson the knowledgediscovered.RINGS
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Figure1: WindowsExplorer users foundthedirectory"pic"
veryhomogeneous.

and Treemapare two signi�cantly different tree visualiza-
tions.Wecomparetheusers'performanceon thesetwo sys-
tems,aswell asWindowsExplorer.

3.1. WindowsExplorer

WindowsExploreris awidely usedapplicationfor �le man-
agementasshown in Figure1. In our experiment,theWin-
dows Explorerwindow shows the contentsof the currently
selecteddirectory, including its sub-directoriesand �les.
Eachcomponentis representedby a small icon. All direc-
tories sharethe sameicon, and �le iconsareclassi�ed by
the�le types.NoticethatWindowsExploreralsoprovidesa
treeview showing the hierarchicalstructureof the directo-
ries.Sincewe want to comparea 'non-visual' systemwith
treevisualizations,we only usethe 'non-visual' featuresof
Windows Explorer. Thus,userswerenot allowedto usethis
treestructureto look for answersexceptsearchingandopen-
ing onefolder.

3.2. RINGS

RINGS is a tree visualizationsystemwith a ringed circu-
lar layout of nodesas shown in Figure 2. A nodeand all
its childrenareplacedin a circle.Equal-sizedcirclescorre-
spondingto childrenareplacedin concentricrings around
the centerof the parentcircle. To visualize�les anddirec-
tories,eachfolder is representedwith a node,andall sub-
directoriesand/or�les are placedin the concentriccircles
aroundthatnode.Userscanmapcolor informationto differ-
entproperties,including�le size,numberof subdirectories,
pathlengthfrom root,andlastmodi�ed time. In thisexperi-
ment,color is selectedto representthesizeof �les. All �les
lessthantheuser-speci�edthresholdareshown in onecolor,
while all �les above thethresholdarecoloredaccordingto a
colorgradient.

Figure2: RINGSusersfoundthedirectory"pic" veryhomo-
geneous.

3.3. Treemap

Treemapis a space-�lling tree visualizationmethodcapa-
ble of representinglarge hierarchieswith the full hierarchy
mappedonto a rectangularregion asshown in Figure 3. It
works by partitioningthis region into a nestedsequenceof
smallerrectanglesrepresentingthetreestructure.It is partic-
ularlyeffectiveatrevealingattributesof leafnodesusingsize
andcolor coding.Userscanspecifythepresentationof both
structural(depthbounds,etc.)andcontent(displayproper-
ties suchascolor mappings)information.It wasoriginally
designedto visualizedirectoriesondiskwith eachleafnode
representingone�le, andthecolorandsizeof eachleafnode
arecodedaccordingto someparticularattributesof �les in-
cluding �le type, �le size and createddate.The Treemap
systemusedin our experimentis the version4.1.0 down-
loadedfrom http://www.cs.umd.edu/hcil/treemap/.Thesys-
temmaps�le sizeto rectanglesize,andcolorcodesthe�les
by their �le extensions.

4. Experiment Design

Sincethereis lack of a standarddirectoryasa benchmark
to evaluatetree visualizationsystems,we usea directory
of a graduatestudentresearchingscienti�c visualizationas
the test hierarchy in our experiment.This directory con-
tains48,552�les and4,896directories,and the maximum
depthis 10. 18 usersparticipatedin the experiment.They
areall studentsfrom eightdifferentdepartmentsin theUni-
versityof California,Davis. They all have at least� ve years
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Figure 3: Treemapusers foundthedirectory"pic" veryho-
mogeneous.

of experienceusingcomputers.Prior to participatingin the
experiment,noneof the usersis familiar with the RINGS
or Treemaptreevisualizationsystems.Ten of the usersare
male,andeightarefemale.All haveusedWindowsExplorer
before.

To avoid the possibility of effects betweensystems,a
between-subjectmethodwasused.Werandomlydividedthe
subjectsinto threeequalgroupsof six. Eachgroupuseda
different pieceof software to visualizethe working direc-
tory.

Sincetreevisualizationsareusedto convey hierarchical
structure,we focusedour taskson directory's hierarchical
information.Beforestartingtheexperiment,eachsubjectre-
ceived a short ten-minutetraining to introducethe visual-
izationandinteractiontechniquesof thetools.Thesubjects
begantheexperimentby answeringa shortsurvey, andthen
eachsubjectwasaskedto performthefollowing six tasks.

1. Find two or moredirectoriesthatare"similar".
2. Findtwo or moredirectoriesthatare"verysimilar" to one

another.
3. Find two or moredirectoriesthatare"slightly similar" to

oneanother.
4. Find two or moredirectoriesthatare"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 are the
most"different"from eachother?

6. List a few "very homogeneous"directories.List a few
"ratherhomogeneous"directories.List a few "ratherhet-

erogeneous"directories.(A homogeneousdirectory is
onewhereits sub-directoriesaresimilar or only belong
to a few types.A heterogeneousdirectory is onewhere
its sub-directoriesaredifferent from oneanotheror be-
long to many differenttypes.)

Thecompletiontime of eachtaskwasrecorded.Subjects
were allowed to ask questionsbetweentwo tasksbut not
while performinga task.

Unlike questionsaskedin otheruserstudies,theanswers
to thesequestionsarenot easilyfoundby simpleautomated
queries.Thesequestionsarealsosubjective in nature,and
wordslike"similar", "signi�cantly different"and"ratherho-
mogeneous"allow considerablelatitudein their interpreta-
tion. The intentionalimprecisionof languageallows users
morefreedom,andthe differencein their answersmay re-
vealdifferencesin thesystemsthey use.Visualexploration
is goodfor suchopen-endedtasks."Visualdataexploration
is especiallyusefulwhenlittle is known aboutthedataand
theexplorationgoalsarevague."[Kei02]

After answeringthesequestions,eachsubjectwasasked
how dif�cult the questionswere,from 1 (easy)to 5 (dif�-
cult). They were thenasked to explore the directory for at
least� ve minutes,andanswertwo questionsabouttheir in-
sightsand the most interesting�ndings. At the endof the
experiment,groupsusingRINGS andTreemapwereasked
whethertherewereany featuresof the systemwhich they
thoughtwerebetteror worsethanthe systemusuallyused.
Becauseall subjectsuseWindowsregularly, thegroupusing
Windowswasnotaskedthisquestion.

5. Experiment Results

In this section,the threesystemsare comparedaccording
to answerclassi�cation,directorydepth,andusers'perfor-
manceanddif�culty .

5.1. CategorizingUsers' Answers

In our experiment,subjectswererequiredto give a brief ex-
planationafter eachanswer. After a thoroughexamination
on the answers,we built a set of categoriesto classify all
the answersin termsof the explanationsgiven. The cate-
goriesincludename,number, type,size,content,andstruc-
ture.They areall propertiesof a �le directory. Table1 gives
thedescriptionsandexamplesof thesecategories.

Thesecategoriesarenotexclusive.Oneanswercanpossi-
bly fall in two or morecategories.For example,subjectE1in
Question1 said,"Their namesaresimilar, andcontainsimi-
lar numberof �les andsub-folders."Thisanswerful�lls two
categories:nameandnumber. Notice thatwe usetwo char-
actersto representsubjects.The �rst charactercanbe 'E',
'T', and 'R' to representWindows Explorer, Treemapand
RINGSrespectively. Thesecondcharacteris thenumberof
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Table1: Categoriesof answersbasedon theexplanations.

Category Description Exampleselectedfrom useranswers
Name �le and/ordirectoryname Foldernamesaresimilar

Number �le and/orsub-directorynumber Thenumbersof their �les andsub-directoriesarethesame
Type �le type Onecontainsmany .mp3�les, andtheotheraremostdocument�les
Size �le and/ordirectorysize Bothof themhave �les from verybig sizeto verysmallsize

Content containidenticalor different�les or sub-directories They look like thesnapshotsof oneprojectat two differenttimes
Structure theconstructionof thedirectory Both thesetwo folderscontain�les, sub-directoriesandsub-sub-directories

onesubjectin thegroup.E1 is the �rst subjectin Windows
Explorergroup.

One answercategory may actually have different visu-
alization forms in differentsystems.For example,�le and
directory size are encodedwith grid size in Treemap,but
with color in RINGS.Typeis decodedby color in Treemap,
andby iconsin Windows Explorer. We classifytheanswers
basedonthepropertiesof the�le directory, notonthevisual-
izationmethodusedto discover theproperty. A propertyof
a �le directorycanbe shown by differentvisual properties
in differentvisualizationsystems.By classifyingbasedon
directorypropertyalone,we make surethatno matterwhat
visualizationtools areemployed, the categoriesremainthe
same.

Figure 4 showsthepiegraphof categoriesin eachsystem.
Thestructurecategory in WindowsExplorerincludesexpla-
nationsrelatedto whetheronedirectorycontains�les and/or
sub-directories,andwhich content,�le or sub-directory, is
dominant.AlthoughWindows Exploreralsoprovidesa tree
view thatshows thehierarchicalstructureof the�le directo-
ries,usersdid not usethis treestructureto look for answers
exceptwhensearchingandopeninga folder. No answeris
basedonsize,probablybecauseit is not visuallydisplayed.

In TreemapandRINGS,theanswersin thestructurecat-
egory includeany knowledgegainedfrom the arrangement
andlayoutof gridsor circles,suchaswhetheronedirectory
contains�les and/or sub-directories,andwhichcontent,�le
or sub-directory, is dominant.Notice that the structurein-
formation in TreemapandRINGS providesthe layout and
shapein moredetail,suchasthe contentsof sub-directory,
directory hierarchy. In contrast,structurein Windows Ex-
plorer is relatively shallow, sinceit canonly show the im-
mediate�les or sub-directoriesof onefolderbut not the�les
andsub-directoriesin deeperlevels.Structureis thecategory
usedmostby Windows Explorerusers,which indicatesthat
Windows Explorer usersmostly relied on relative shallow
informationcomparedwith TreemapandRINGSusers.

Anothersigni�cant �nding is that Treemapusers,unlike
Windows Explorerusers,pay moreattentionto namethan
number. A likely causeis that in Treemap,�les from differ-
enthierarchy levelsarevisiblewithin asingledisplay, which
makesit easierto comparethenames.In contrast,Windows
Explorerusershave to browseinto directoriesto determine
whetherthey aresimilar or different,henceuserscannotre-

memberdetailedinformation suchas name.They tend to
keepin mind a generalsenseof previously explored fold-
ers.That is why structureandtype areusedmostoften by
WindowsExplorerusers.

All theanswersgivenby RINGSusersfall into threecat-
egories.No answeris obtainedfrom �le nameor type.Al-
thoughRINGS displaysthe nameof directoriesand �les,
no userspaid attentionon the �le names.Thereare three
potentialreasonsto explain this phenomenon.First,RINGS
only shows the�le anddirectorynamesof thecurrentlevel.
Like Windows Explorerusers,RINGSusersalsohave dif�-
culty rememberingthe �le nameswhile browsing.Second,
RINGS provides much information with color and shape.
They are good enoughto assistusersto �nd out the an-
swers.Third, bothWindows ExplorerandTreemapencode
�le typeswith visualproperties,while RINGSmerelyshows
thetypesastext at theendof the�le names.

5.2. Dir ectory Depth

Directorydepthis thepathlengthfrom therootto thecurrent
directory. Therootdirectoryhasadepthof zero.For the� ve
similaranddifferenttasks,therearea totalof thirty answers
for eachsystem.In RINGS,only two answerscontainfold-
erswith differentdepths.However, in Treemap,eightof the
answerswith foldersarefrom differentdepths.This implies
thatTreemap,comparedto RINGS,shows moreknowledge
atdifferentdepths.This is dueto thedifferencein layoutbe-
tweenthem.In Treemap,a �le' s positionandsize are not
dependenton its depth.In contrast,RINGSusessizeto en-
codethedepthinformation:smallercirclesrepresentdeeper
directories.Thispropertyof RINGScausesusersto compare
directoriesin thesamedepth.

Comparedwith Windows Explorer, both RINGS and
Treemapprovidemoreinformationin deeplevels.As shown
in Figures1, 2, and3 Windows ExplorerusersE4 andE5
foundthe"pic" directoryto be"very homogeneous", while
RINGS usersR2 and TreemapusersT4 and T5 found it
"rather heterogeneous".This may be becauseRINGS and
Treemapusersareableto seebeyondthesecondlevel in the
hierarchy. TheRINGSandTreemapdisplaysshow that"pic"
hasmany immediate�les, andafew �at sub-directories.The
immediate�les in "pic" dominatetheview of Windows Ex-
plorer, and the icons show that they belongto only a few
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Figure 4: The propertiesof the �le directory each subjectusedto derive the answers to the questions.Users of Windows
Explorer, RINGSand Treemaprelied on different directory properties,indicating that each systemis suitedto discovering
differentknowledge.

differenttypes.Userscannotseethetypes,depthsandnum-
bersof �les in thesub-directoriesfrom thisview. Thediffer-
encein opinionindicatesthatWindowsExplorerusersfocus
on the immediate�les of the directory, while visualization
userscanmoreeasilyperceive informationin deeperlevels
of thetreeandhenceobtainbetterhierarchicalinformation.

5.3. Users' Performanceand Dif�culty

Figure5 shows the averagetaskcompletiontimesby task
andby systemused.Theaveragecompletiontimesper task
of RINGS,TreemapandWindows Explorerare3.20,3.03,
and4.17minutesrespectively. Theaveragetimeof Windows
Explorer is approximatelyone secondlonger than that of
theothertwo systems.ANOVA (analysisof variance)shows
thatthecompletiontimesof RINGSandTreemaparesignif-
icantly shorterthanWindows Explorer, with p < :05. Such
a low p valueatteststo theconsistency of theresults.

In the last threetasks,Windows Exploreruserstook sig-
ni�cantly longerthandid usersof theothertwo visualization
systems.Onepossiblereasonis that the �rst threetasksare
to �nd "similar" directories,and two subjectsof Windows
Explorersaidthatthey justcheckedthestructuresof directo-
rieswith similar names.Theseusersdid not attemptto �nd
structuralsimilarity. For the last threequestions,Windows
Explorer userswere forced to �nd structural information
deeperin hierarchy, andso they were forced to take more
time.

According to our survey, compared to RINGS and
Treemapusers,Windows Explorerusersalsoexpressedsig-
ni�cantly moredif�culty in answeringthetasks.On a scale
of 1 (easy)to 5 (dif�cult), themeanscoregivenby RINGS,
Treemap,andWindowsExploreruserswas2.5,2.5,and3.9
respectively asshown in Figure6. This shows that RINGS

Figure5: Theaverage timetakenbyusers to completeeach
taskusingeach system.

andTreemapareableto improve users'perceptionof some
patternsin the �le directorystructureandhelpedthemdis-
cover someknowledgemore easily than in Windows Ex-
plorer. In addition,theuseof color in RINGSandTreemap
providesa way for userto use"their primarily preattentive,
parallelprocessingpowersof visualperception."[WTP� 95]

Figure7 is an exampleof two similar directoriesfound
by oneRINGS user. OneWindows Exploreruseralsodis-
coveredthis pair of similar directories.TheRINGSscreen-
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Figure 6: Thedif�culty in answeringthe questionsby the
eighteensubjectswith thethreesystems.

shotshows theparentdirectory"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 many
�les, one sub-sub-directorywith a few �les, and one sub-
sub-directorywith two �les. Furthermore,the sizesof the
�les containedin thesetwo directoriesaresimilar. The re-
sult is a distinctpatternin color andshape.A Windows Ex-
plorer userwould have to go into eachof the directories
anddiscover similarity in �le names,sizesandnumberof
sub-directories.Thus,Windows Exploreruserexperienced
greaterdif�culty in getting this answer. The Windows Ex-
plorerusertook � veminutesto �nd thissimilarity, while the
RINGSusertookonly two minutes.

5.4. Other Findings

In our questionnaireincluded after the user tests,several
RINGSusers(R1,R2,R3andR4) likedits ability to display
global structuralinformation,and Treemapusers(T1, T2,
T4 andT5) likedits ability to displaysizeinformation.User
R2 mentionedthat it is sometimesdif�cult to �nd the par-
entdirectoryin RINGS.R3 commentedthatit is sometimes
dif�cult to seethe namesof the directories.Treemapuser
T3 mentionedthatafterclicking onasub-directory, it opens
andtakesupthewholeplane,but beingableto browsewith-
out losingtrackof thecurrentpositionwould bepreferable.
Thiscommentindicatestheneedfor morefocus+context so-
lutionsto this particularimplementationof Treemap�le di-
rectoryvisualization.UserT5 mentionedthat thehierarchi-
cal relationsbetweenthedirectoriesarenotclear, which is a
well-known weaknessof this implementationof Treemap.

6. Conclusionsand Futur eWork

We have performeda studyto �nd theeffectivenessof tree
visualizationmethodsin aiding knowledgediscovery. Ex-
isting userstudiesandanalysishave focusedon answering
simplesearchor identi�cation questionswhoseanswerscan

Figure7: Anexampleof twosimilar directories("viewpoly-
model"and"viewpointmodel",labelled1 and2 respectively
in the �gur e) foundby both RINGSuserand WindowsEx-
plorer user.

by foundmoreef�ciently by automatedqueriesthanby visu-
alization.Our study, is uniqueaswe have formulatedques-
tions which arenot easilyansweredby simplealgorithmic
searchessothatwecandeterminewhetherthevisualpercep-
tion of �le hierarchiescanhelpdiscover deeper, non-trivial
knowledge.

Fromour experiments,we �nd that the treevisualization
systems,RINGSandTreemap,tendto helpusersmake cer-
tain typesof discoveriesin the �le directorytree.First, the
ability of RINGSandTreemapusersto usethe"shape"and
"arrangement"of thetreestructureto answerquestionsis an
important�nding becausethey arepropertiesnot easilyde-
scribedandconveyedby algorithmicmethodsyet they have
directly led to discovery of usefulknowledge.Our experi-
mentsshow thatthisability is oneof thekey contributionsof
treevisualizationto thediscoveryof knowledgein hierarchi-
cal data.Second,we �nd that visualizationusersarebetter
ableto perceive thenumber, depthandarrangementof sub-
directoriesand�les in several depthswithin onedirectory,
whereasWindowsExploreruserstendto focusontheimme-
diate�les andsub-directoriesin thetop level. Third, we �nd
that Windows Exploreruserstook signi�cantly longerthan
did RINGSandTreemapusersto completetheirgiventasks.
Windows Explorerusersalsoexpressedthat they found the
tasksmoredif�cult thandid theRINGSandTreemapusers.

Differencesin visual representationof treesalso leadto
differencesin information gained.Our experimentresults
show that Treemapcan show the namesand sizesof �les
better. RINGS is very effective at presentingthe depthin-
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formationof �les andsub-directoriesin the hierarchy. Us-
ing icons,Windows Exploreruserscanquickly perceive the
typesof �les in a directory. In otherwords,theusersshould
choosethevisualizationmethodaccordingto their goals.

RINGS andTreemaparenot the only waysto mapa hi-
erarchy to graphicalforms.Othertechniquescouldfacilitate
differentdiscoveries.On theotherhand,it is alsonecessary
to studya varietyof differenttypesof treedatasuchasthe
treeof life.
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