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ABSTRACT

Visual sharedworkspaceswill be always staying on
users’screensn the nearfuture. Userswill be moving fre-
guentlybetweertheir personalvorkspacesor personahnd
asynchronous/ork andsharedvorkspacegor communica-
tion andsynchronougooperation.Also the systemshould
supportasers’everydayawarenessf co-workers. For sup-
porting suchsituation,this papemproposes new technique
to visualizeworkspacesisa setof layeredvirtual screensn
three-dimensionapaceln thisway, groups’sharedspaces
areshavn asbackgroundf users’personakpacedike as
looking from a top personalayer down to a bottompublic
layer. In corventionalgroupware, users workspaces di-
videdinto somesharedspacesandapersonakpaceo shov
all of themsimultaneouslysothesizeof the personakpace
is very restricted.This layeredperspectie visualizational-
leviatesthis problemandalsosupportuusers’avarenesdy
alwaysshawving sharedspacesn background.
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INTRODUCTION

Computersupportedcooperatie work (CSCW)will be
broughtinto your everydayworking stylesin the nearfu-
ture. Nowadaysmary workersarealreadyworking on their
personatomputersandthe computersare connectedvith
high-speedetworks. After this, suchnetworkswill become
morehigh-speedthenusuallyyouwill beusingsomevideo
conferencingsystemfor a bit of communicationanddoc-
umentsandmaterialswill be managedn shareddatabases,
which may have somegraphicalinterfaces.

As CSCWor groupwaresystemsecomewidely usedin
your everydaywork like this, evolutions of userinterfaces
towardssupportingsuchsituationwill alsoberequired.In
this situation, two typesof software can exist simultane-
ouslyonyour computerspersonabpplicationsoftwareal-
readyusedfor mary years,and groupware supportingco-
operatiorandawarenessn variousnew ways.

We think that thesetwo typesof software shouldcon-
sist of an integratedervironmentthat allows usersto fre-
guentlyswitch betweenthemandto distinguishthemfrom
eachother Userswill move frequentlybetweenpersonal
softwarefor corventionalandasynchronousvork, andcol-
laboratve softwarefor communicatiorandsynchronouso-
operation.In addition,userswill have to surelyunderstand
in which sharinglevel they areworking andwhich type of
softwarethey areusing.

Furthermoresupportingusers’awarenesss considered
very importantin sucheverydayervironments[5, 8]. Ac-
cessingeverydayinformation,suchasbeingaware of what
your neighborworkers are doing and what messagesre
postedonyour bulletin boardsjs requiredfor usersto carry
out collaboratve work much smoothly For example,the
awarenesssuchasof the datamodificationor the actvities
of co-workers, bringsgroup’s sharedunderstandingabout
the stateof their work. Suchunderstandingmake commu-
nicationamonguseranoresmoothlyandthe assignmenof
tasksmorereasonable.

In orderfor usersto sharetheir informationandsupport
their own awarenesssynchronougjroupvarerealizevisual
sharedvorkspacegstablishe@n thedisplayareasof com-
puter screens. Such sharedworkspaceswhich are often
implementedwith windows of GUI (graphicaluserinter
face), may hold someshareddocumentsand sharedcan-
vases. The systemallows multiple usersto accesghose
sharednformationsynchronouslyandmake awareof other
participants’actiities with somevisual effects.

In the future, visual sharedworkspaceswill be always

staying on your desktop,so user interfacesof everyday
groupware will be like current synchronousgroupwvare,



becausesynchronouggroupware are more concerningon
awarenessndvisualinterfaceshanasynchronousnes.
This paper proposesa new information visualization
techniquefor suchervironmentof groupware systems.In
this way, the systemutilizes a backgroundof a personal
workspaceto shav sharedworkspacesand moreover vi-
sualizeswvorkspacesisa setof layeredvirtual screensvith
three-dimensiongderspectie technique.

VISUAL SHARED WORKSPACES

Previously in order to shav sharedinformation and
sharedvorkspaceso usersthetechniquesn Figurel have
beenwidely used.
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Figure 1: Techniquesfor visual sharedworkspaces:(a)
tiling (b) windowing (c) virtual desktops.

Figurel (a) depictsa typeof tiling method.This type of
methodshavs bothusers personakpaceandsharedspaces
simultaneously dividing a screeror awindow to several
regions. However, in this way, quite alarge areais usedfor
shaving asharedspace sothe sizeof the personakpaces
veryrestricted.

Although this methodcanbe adaptabldor the applica-
tionsthatneedto shav sharedspacesnly onusers'request,
thisis notsuitablefor the situationof our proposalthe nen
collaboratve ervironmentwhich shavs sharedspacesal-
waysstayingon users’screemandthusenablesusersto be
awareof co-workers’ everydayactities.

On the otherhand,Figure1 (b) depictsa type of (over
wrapped)windowing method. In this way, eachshared
space,or applicationsoftware, is individually shavn asa
singlewindow andcanbemovedfreely by theuser Conse-
guently personakpacesandsharedspacesarecompletely
integratedandthusbecomeseamless.

This method, however, may bring some confusionto
users,sincetraditional personalapplicationsand new col-
laborative applicationsare hardly distinguishable.All the

time, to preventoperationatonfusionusershaveto becon-

sciousof on which workspaceesachwindow exists. Also

for example,useranay configureprivagy settingsonly con-

cerningtheir personalspace but it canbe difficult for the

systemto provide visualinterfaceof intuitive configuration
in suchacompletelyseamlessisualaspect.

Thusworkspaceshouldbedividedaccordingto sharing
levels of information, like realworld officesthat consistof
private spacessuchasworkers’ privaterooms,andpublic
spacessuchasmeetingroomsandlibrary rooms.We think
suchspatialdivision andvisual effectscanbevery compre-
hensve to provide users’securityandprivagy.

From thesereasonssomecorventionalgroupvare sys-
tems supportthe methoddepictedin Figure 1 (c), which
realizespersonakpacesandsharedspacesasdifferentvir-
tual desktopsand shavs one of them by users’selection.
This methodis oftencalledtheroommetaphorin thisway,
both problemsof limited screenspacedepictedin (a) and
operationalconfusiondepictedin (b) are solved andusers
canfrequentlyswitchbothtypesof workspaces

However, this methodis not suitable for supporting
users awareness,becauseshared spacesand personal
spacesannotbe simultaneouslystayingon the samecom-
puterscreensThereforethis methodis not suitableto real-
ize ervironmentsfor everydaycollaboratve work.

In summary a collaboratve ervironmentfor everyday
work shouldprovide thefollowing featureghatpastvarious
groupwaresystemscould not supportsimultaneously

e Supportingusers’everydayawarenes®f modification
of sharednformation.

¢ Indication of sharinglevels of sharedinformationto
preventoperationaktonfusion.

e Allowing co-existenceof and smoothswitch among
sharedvork andpersonalvork.

To realizethesefeatureswe think thatthe systemsimulta-
neouslyvisualizesharedspacesandpersonakpacesnto a
visually integratedandalsodistinguishableppearances.

NEW WORKSPACE VISUALIZATION

In this sectionwe proposeanew visualizationtechnique
thatutilizesabackgroundf apersonalvorkspaceasshared
workspaceg20]. Moreover, we considerthe hierarchical
and layeredarchitecturefor sharedworkspacesand pro-
posethe new pseudo-three-dimensionpérspectie visual-
izationfor thelayeredworkspaces.

Background as Shared Workspaces

We proposea visualizationthat utilizes a backgroundf
apersonaivorkspaceo shav sharedvorkspacesThusfre-
guentlyusedpersonahpplicationsareshavn closerto users



thangroupwaresupportingawarenessandsynchronougo-
operation. Becausehis techniquedoesnot requirecertain
screerareador sharedspacesthe systemcanalwaysshov
sharedspacesvenif thescreerspacesrelimited.

In this way, userscanswitch betweemersonatvork and
sharedvork withoutary specialoperationshecausashared
workspacesare always viewable and operable. Manipu-
lations againstobjectsin the backgroundof the ordinary
desktopsmeanimmediatelyoperationsagainstsharedob-
jectsin the sharedworkspaces.Therefore,userscancarry
outtheirwork with easilyandfrequentlymove betweerper
sonalspace@ndsharedspaces.

Furthermorethe systemshouldprovide the feeling that

sharedspacesrelocatedreally in backof personakpaces.

If the systemshaws sharedobjectsin backgroundasthey
are with the original appearanceysershardly distinguish
themfrom personabbjectsandmight feel confusionof op-
eration.So, to tell sharinglevelsof informationclearly, the
systemvisualizessharedspacesook fartherfrom userghan
personakpaces.

Background Awareness

This conceptiorof thebackgroundvorkspacecantrans-
mit awarenessnformation properly becausedt canshav
sharedinformation andtheir modificationalwaysin back-
ground(indeedasscreerbackground) Userscanbe aware
of modification of sharedinformation by other workers,
evenwhenusersarenotusingsharedapplications.

The awarenesss, in thefield of CSCW a conceptiorof
beingunconsciouslyaware of otherpersons behaior and
actities, and awarenes®ften naturally bringsaboutcon-
sciouscommunication.

Sharedworkspaceganbe shavn whenusersstarttheir
computerslf usersconfigureso,they donothaveto launch
specialapplicationor opencertainwvebpagego learnmodi-
ficationof sharednformation. Thereforehistechniquecan
be a basicinterface platform for supportingusers’ aware-
ness.

Ontheotherhand,corventionalvisualizationtechniques
of sharedworkspacesave allowed usersto eithershawv or
not shav sharedspacessothosevisualizationsystemsare
not suitablefor the collaboratve ervironmentof our pro-
posal. The systemshouldshav sharedworkspacesways
stayingon users’screerandthusenablesusersto be aware
of others’everydayactiities.

When usersspreadmary materialson their personal
workspacesthe backgroundworkspacesre hiddenunder
them, so the awarenesof otherusers’actvities becomes
reduced. To copewith this problem,we proposethat the
systenmdisplayssharedvorkspaceinsteadf screersavers.
In the realworld, we are often unavare of surroundingn-
formation suchas voiceswhen focusingsomeinteresting
work; neverthelessin anevery breakof work, we view over

andcanbe awareof suchco-workers’ actiities.

Multi-La yered Architecture

A screerbackgrounds notlimited for usingonly a sin-
gle sharedlayer of workspace. Workgroupsin the real
world sometimesmalke inclusive relationshipsmore than
two levels. In suchcase,sharedinformationare managed
underalsomorethantwo levels. So,therearesomesitua-
tionsthatonly two layers(personalayerandsharedayer)
arenotsufiicientin a collaboratve workspace.

In general,multi-user operatingsystemsand database
systemsmanagetheir resourcesn hierarchicalownership
of users. Suchhierarchicalownershipis usedwith access
controlsto provide basicsecurity In the UNIX file system,
for example,eachfile or directoryhasa owneranda group
owner, soownershipandaccessights of eachresourceare
managedinderthreelevels: user group,andeveryone.

Personal layer

Group layer

Common layer

Figure2: Multi-layeredarchitecturdor workspaces.

Accordingto suchhierarchicalownership,collaboratve
workspacesan be representeés multi-layeredstructures
like asin Figure2 [25]. Although usersareoftenworking
in their personalWworkspacethey sometimeseedto refer
to informationalsoin the workgroupsthatthey belongsto,
andalsoin largergroupsthattheworkgroupsbelongto. For
simplifying the problem hereafterwe go with the example
of thisthree-leveledlayeredworkspaceandcall eachlayer,
respectiely, personalprivate)layer, grouplayer, andcom-
mon (public) layer.

For example,if workersare highly independenbf one
anotherandtake greatresponsibilityfor theirwork, they do
not needto seethe progresof others’work. Therefore at
leastonly outputsthatthe othershave generatecreshared
in their workgroups. In this case,it may be desirablefor
usersto be ensuredthat their own working environments
have minimuminterferencdrom the others.

In addition, ary documentis often usedin its proper
workspace; addressbooks are often used in personal
workspacesand presentatiommaterialsare often usedin
public workspaces So, automaticallyopeninga document
in its properworkspacecan be usefulfeature. We call the



conceptiondefault workspaceof sharedinformation. Of
course,in this way, documentpermissionshouldbe also
consideredor securityandprivagy.

3D Perspective Workspace

Based on this conceptionof the layered model of
workspacesthe visualizationtechniqueof the background
workspacedescribedearlier can be extendedto the three-
dimensionaperspectie workspace.
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Figure3: Thevisualizationof layeredworkspaces.

This visualizationshavs a workspacefrom the view-
point of eachworker in Figure3 like aslooking from atop
personalayerdown to abottompubliclayer Thereforethe
layeredworkspacesreshavn aslayeredvirtual screensn
three-dimensionalisplay (Figure4). Eachwindow of ap-
plicationsoftwareis locatedaccordingo its sharinglevels.

Figured: Theperspectie layeredvisualization:(1) on per
sonallayer(2) on grouplayer(3) on commonlayer.

In otherwords, this visualizationutilizes the visual pa-
rameterof depthon a screenfor representinghe sharing
level of information,sincethemorewidely sharednforma-
tion arevisually locatedon thefurtherpositionsfrom users.
Although it is considereda three-dimensionaVisualiza-
tion, it canbeimplementedvith pseudo-three-dimensional
graphicsusingcombinationof shrinkingandoverwrapping
of screerimages.

Displayinginformationthatis frequentlyaccessedr re-
ferredby usersat successiely closerpositionsis a known
technique[15] of three-dimensionahformationvisualiza-
tion [6]. In thatfield, variousmethodsfor shaving infor-
mationspace®n limited sizedscreendiave beenproposed,
andthedegreeof interest(DOI) is animportantconception.
It canbe consideredhat frequently accessednformation
hasa high degreeof interest. Suchvisualizationsoftware
shav the morefrequentlyaccesseihformation more visi-
bly accordingto users’DOIs of information.

In three-dimensionalisualization the perspectie tech-
nigueis mostlyutilizedfor representingisers’DOIs[7, 15].
We think the conceptiorof visualizinginformationaccord-
ing their DOIs, or degreesof referencejs usefulfor trans-
missioninformationconcerningusers’avarenessPersonal
workspacesvill bemorereferredandmanipulatedy own-
ersthansharedvorkspacessoit is naturalto visualizeper
sonalinformationcloserthanthatof group.

In collaboratve workspaceslike surroundinginforma-
tion of the realworld, transmittingusers’awarenessnfor-
mationwith properintensityis effective for collaboration
andcommunicatior10]. In therealworld, whenusersare
centeringon somethingmportant,they might not be aware
of others’gazesor auras. More, bulletin boardsor televi-
sionsin public spacesare shaving suchbackgroundnfor-
mationin relatively weakintensity

Aware

Figure5: A worker canchangehefocuslevelin work.

The visualizationthat we proposeis very suitablefor
purposeof such awarenesssupport. The corventional
groupware systemsshav sharedinformation only when
usersrequest.We proposethe visualizationthat canshav
sharedinformationandtheir modificationalwaysin back-
groundwith perspectie effect to tell sharinglevels of in-
formationandto controlintensitiesof them(Figure5).

Traveling in 3D Workspaces

This visualization three-dimensionally locates
workspaces, so three-dimensionalmoving operations,
such as forward, backward, rightward, and leftward
movements, becomethe metaphorsof changing users’
currentworkspaces. We think that theseoperationsare
very intuitive for users, because,on their screen,these
operationsanbe performedwith effective visualfeedback.



A worker oftenbelongso moreworkspaceshanonein-
cludingapersonalvorkspaceanda few groupworkspaces,
becausegenerally workers may belongto several work-
groups simultaneously CSCW systemsshould support
users'intelligible switchingfrom oneworkspaceo anothey
andin the userinterfaceof visual sharedworkspacesthe
switching operationshould be done also with visual and
graphicaloperations.

As the Figure6 shawvs, whenuserswantto mainly deal
with their group level information, they may move for-
ward in the three-dimensionapace. Then, their personal
workspacedecomenvisible on computerscreensandthe
groupworkspacesreshovn ontop of screensThus,it be-
comeseasyfor usersto dealwith the grouplevel informa-
tion. Furthermorepuserscanmove moreforward for deal-
ing with publicworkspacesandbackwardfor theirpersonal
spacesgain.

Also in the visualization,users’rightward and leftward
shifts are metaphorsof switching group workspaceghat
they belongto. Userscan switch workspaceswith mov-
ing horizontally on the samelevel. Although this feature
providesalmostsamefunction asselectionof virtual desk-
topsin conventionalsystemsijt providesthe merit of inte-
gratinginclusive relationshipsand parallelrelationshipof
workspacesdy the samespatialmetaphor

Shared
workspaces | Common layer

Forward and | Group layer
Backward Personal layer
movement

Private
workspace

Group switch

——

Leftward and
________ i Rightward
movement

Figure 6: Switching workspaceswith three-dimensional
moving operations.

IMPLEMENTATION OF THE PROTOTYPE

In order to examine the availability of the lay-
eredworkspacevisualizationin pseudo-three-dimensional
graphicsillustratedabove, we have developedthe system
basedon this conception.This sectiondescribesheimple-
mentationof the softwarewith severalscreerimages.

Overview of the System

Figure 7 shavs an exampleof how the systemis used.
In this example, there are two layers of sharedspaces,
workspacegor agroupandfor all groups behindthelayer
of the personalspace. The personalspaceexists on top
of the screenandtransparentlyoccupiesthe entire screen,
andthesharedvorkspaceareshavn in perspectie accord-
ing to their sharinglevels. Figure4, mentionedearlies il-
lustratesalsoin which layer eachwindow existsin Figure

7. In this example,an imageprocessingsoftware, a web
browseranda calendasoftwarearebeinglaunchedespec-
tively in the personaivorkspacetop front layer),thegroup
workspacgmiddle layer),andthe workspacesharedby all
groups(bottomlayer).

Visualization Techniques

In Figure7, theentireimagerepresents personadesk-
top screernandalsoanimageof computerscreenitself. In
otherwords, the mostfront layer (personalworkspace)s
realizedwith corventionalwindow systemsof GUI. Group
workspacesare shavn as virtual root windows, or back-
groundwallpaperspf personalvorkspacesthatis, the sys-
temdraws someanothemwindow systemsn thevirtual root
windows repeatedly

As well asin the top private layers,the systemallows
usersto performtransparentwindowing operationin back-
groundgrouplayer. It is doneby forwardingsystemevents
suchas mouseoperationto the virtual root windows. In
addition, sincewindows in group workspacesare shared
objectsof all userswho belongto correspondinggroups,
ary userconnectedsia network canalsoperformwindow-
ing operationsuchasopeningandmaoving.

In thisimplementationgroupworkspacesredravn 7/8
smallerand7/8 or 3/4 darker thanpersonalvorkspaceshy
processingmageof virtual screensn memories Similarly,
commonworkspacesare drawvn, aswell, 7/8 smallerand
7/8 or 3/4 darker thangroupworkspaces.Thesevisual ef-
fectsenableusersto comprehendn which workspacesach
window is shown.

Although recursve layering of workspacesmore than
threelevels are even possiblein the implementationsuch
excessve visualizationis probablylittle meaningfulfor or-
dinaryusers.As describedellow, this systemprovidesthe
featureof default workspacewith the UNIX file permis-
sion. Thisis anothereasonvhy we adoptthethree-leveled
workspace.

Viewing Background Information

We have also developedthe device that displayswin-
dows only with their framavorksfor usersto view andop-
erateotherwindows hiddenunderthem.Occasionallyusers
needto referto documentsn groupworkspaceswhich are
often hiddenbehindthe personalwindows. In this case,
userscanchangeobstaclewvindows to framewvork shapedo
manipulateobjectshiddenunderthewindows (Figure8).

Becausethis featuremakes windows only frameworks
truly, userscandirectly manipulatanformationobjectsthat
appeatinsidethe “holes” of the frameworks. Moreover, the
titte barsandtheresizehandlesof the framewnork windows
still remain,sowindowing operationsarestill possiblefor
users.We think thatthis featureis moreusefulthaniconifi-
cationto referbackgroundvorkspacesemporarily
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Furthermorethe systenmsupportsawarenesdy shawving
sharedworkspacesnsteadof screensavers. Userscansee
sharednformationhiddenundertheir personalvindows, if
they have not manipulatedary objectsfor tenminutes(this
termis configurable).

Inter- and Cross-Layer Manipulations

For intuitive and continuousswitching of workspaces,
the systemprovides three-dimensionamaoving operations
that have mentionedalready Userscan visually change
workspacesith the three-dimensionainoving operations
with visualfeedback.

If auserwantsto go forward one deeperayer suchas
from thepersonakpaceo agroupworkspacetheusermay
move the mousepointerto the top edgeof the screenand
click the button. Thenthe onelevel deeperdayer become
shawvn in the full screeninsteadof the currentworkspace
(Figure 9). Similarly, if a userwantsto go backward to
personalworkspacethe usermay click the bottomedgeof
thescreen.

Furthermore,if a userhas more personalworkspaces
thanoneor belongsto moregroupsthanone,the usermay
click the right edgeor theleft edgeof the screento move
betweertheworkgroupsof the samdevel.

Userscan also transferimagesof individual windows
amongworkspacesfor example,they canput copiedim-
agesof windows in their privateworkspaceontogroupand
public workspaces.The window imagesare updatedwith
synchronizingthe original windows, yet userscannotedit
or manipulatethem, becausecopiedwindows areimages.
By thisfeature thesystenprovidesaway for usergo bring
out their private windows for others,andto put copiesof
publicinformationontheir personakpaces.

Default Workspaces for UNIX Files

We have implementeda commandline program that
opensa documentaccordingto its default workspace.Al-
thoughrealizingthis featurerequiressupportof operating
systemsor databasesye utilize UNIX's SUID/SGID bits
in this prototype. In UNIX, eachfile hasthesetwo bits in
its permissionwhich arenot utilized for ordinaryfiles.

We utilize the two bits to indicatea default workspace
of a documenffile, thoughtheseare relatedwith security
sousingthesebits otherthanoriginal purposds notrecom-
mendedor pragmaticervironments.

If the SUID bit is set, the documentis openedin the
personalworkspace ptherwiseif the SGID bit is set, it is
openedn the groupworkspace.If neither it is openedn
public workspace.The executableprogramthat opensthe
file is determinedy its extension(suffix) suchasdoc,html,
andgif. Moreover, the programchecksreadpermissionof
thefile. Evenif its SGID bit is set, it is not openedn the
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groupworkspaceaunlesshegroupreadablébit is set,thenit
is openedn the personalvorkspace.

Platform and Utiliz ed Software

This software is developed by modifying the UNIX
clientof VNC [2] (Virtual Network Computing)whichis a
multi-platformscreersharingprogram.Thereforethesoft-
warealsosupportsalmostall VNC features.For example,
sharedvorkspacegeeptheir statussvenwhenno usersare
connecting so userscancontinuetheir work in their desk-
topswhenever they reconnectheworkspaces.

We alsoutilized Window Maker[12], awindow manager
of X11. We have modifiedit to realizeframewvork windows
with the X11 shapeaxtension.Userscanenablethis feature
by selectingthe new item “Skeltonize” in eachwindow’s
titte menu.

In addition, we implementedndividual programssuch
as copying images of windows betweendifferent X11
screensglisplayingcertainwindow imageasascreersaver,
andopeningdocumentsn its properworkspace.

RELATED WORK

In this section,we compareour techniqueto therelated
work andarguetheir features.

Our proposalis considereda newn basic techniqueof
userinterfaceplatformssuchaswindow systemsatherthan
pragmaticcollaboratve systemsuchasinterlocug16]. Al-
thoughtheprototypesystenprovidesbasicvisualinterfaces
at present,we think that variousapplicationsoftware and
add-onprogramsareexpectedon top of this platform.

Room Metaphor s

Many groupware supportroom metaphorsto manage
multiple workspaces,for example, Rooms [9], Teem-
Roomg[17], DIVA [23]. Wethink roommetaphoraresuit-
ablefor switchingworkspaceshatdonotintimatelyinterre-
late, but not suitablefor referringandfocusingworkspaces
thatintimatelyinterrelatein differentsharinglevels.

Room metaphorsmight also bring abouta little con-
fusion for usersto handleprivate informationin a visual
sharedworkspace.If the systemopenprivateinformation
in a sharedroom, the information canbe shovn by others
andpersonalcustomizatiorof room views is not possible.
If thesystenmale privateinformationviewableonly by the
owner, the merit of usingmetaphorof multi-userroomsis
reduced.

On the other hand, our visualizationallows usersboth
to refer sharedworkspacesand to customize personal
workspacesn the consistentsemantics,and also allows
usersto be aware of sharinglevels of work. Furthermore,
our techniqueprovidesthe featureto switch amonggroup
workspacesvith horizontalmovementin three-dimensional

space.So, similar interfacesto roommetaphorsanbeim-
plementedy this feature.

Shared Window Systems

Marny software,suchas XTV [1], XMX [3], VNC [2],
have beendevelopedto shareapplication windows and
desktopscreensn existingwindow systemsuchasX Win-
dow System. However, thesesoftware have problemsde-
scribedin Section2. Our techniquefeaturesntelligibly in-
dicationof sharinglevels of informationand utilization of
thedesktopbackgroundlt enableso-existenceof personal
desktopsand shareddesktopsandalsoenablessupportof
users’awareness.

Although currentversionof XMX shavs a shareddesk-
top asavirtual root window, this featureis not intendedto
supportcooperatie work and everydayawareness.More-
over, XMX shows a shareddesktopwithoutarny imagepro-
cessingsoall windows havethesameappearancandusers
canfeeloperationatonfusion.Indeed|f auserclicksatitle
barof arandomwindow, it maybe poppedup or maynever
be poppedup. Which resultis producedis hardly known
beforeclicking. In contrast,our visualizationmakesusers
understangharinglevelsof windows by visualeffects.

FurthermoreMicrosoft's Active Desktoptechnologyal-
lows usergto pasteor hangarbitrarywebdocument®n the
backgroundHowever, it is hardlyusedasaworkspacevith
editing capability We think thatinformationontheWebis
notintimatelyrelevantwith ordinaryusersandnot updated
frequently On the otherhand,groups’sharedinformation
arequiteintimatelyrelevantwith themembersandoftenup-
datedvery frequently Thuslearningmodificationof shared
workspaceshroughawarenesss moreusefulthanrandom
webdocumentsn thelnternet.

Graphical and Visual Effects

The three-dimensiongberspectie projectionappliedto
GUI was mentionedby Staples[24] and implementedin
MaWws3 [13] and Web Forager[7]. We have proposedto
utilize thatfor collaboratve workspace®f CSCW Further
more, the presto-three-dimensionaffect by layering two-
dimensionaldisplaysis more intelligible to showv sharing
levels of hierarchicalinformation,yetlessflexible thanthe
truly three-dimensionalisplay

Although three-dimensionainterface have pointedout
several problemssuch as users’ disorientationand over-
wrappingof objects[22], our visualizationoffersthe clear
meaningto the third dimensionto amelioratethem. We
think that offering a propermeaningto eachspatialdirec-
tion keepusersfrom operationaldisorientationand confu-
sion[18, 19, 21]. We have alsoproposedhenew inter- and
cross-layemanipulationsuchascopying accordingto the
meaning.



Overlayingmultiple informationcanberealizedalsoby
transpareng or translucenceandit wasalreadyappliedto
CSCWsystemd11, 4]. Thesetechniquegprobablycanbe
usedwith our visualization.However, transpareng causes
visualconfusionwhenthesystenoverlaysthreeor morein-
formationlayers. Onthe otherhand,perspectie anddark-
nesscanmoreclearlytell hierarchicalevelsof information
andpreventoperationatonfusionof users.

FEEDBACK

This systemis a prototypeand able to work on only
UNIX systemsin certain settingssuch as full-color dis-
play. So, it is still difficult to evaluatethe systemin the
realworking ervironmentsthat consistof variouskinds of
hardware and software, such as notebook-sizecomputers
runningWindows and256-colorUNIX workstations.

We thussetup threemachineasevaluationsystemsand
could be answeredaboutthe following questionnaireby
elevenusers.They usedthe systemat least10 minutesand
asled the questiondby rating on a five-pointscalefrom 5
for “l think so”to 1 for “I don't think so”. Figure10 shavs
theresultof thequestionnaireNotethatquestiorQ is asked
aboutthefeaturenotyetimplemented.

1. Did you think thatit wasusefulto alwaysshav desk-
topsbeingsharedwith co-workers?

2. If installing this software in your computer do you
think thatyou will be aware of changesn the shared
desktopson the background?

3. Did youeasilyfind thatthemiddlelayerwindowswere
ondeepelplaceshantop layerwindows?

4. Did youeasilyfind thatthebottomlayerwindowswere
ondeepeplaceshanmiddlelayerwindows?

5. Did youthink thatit wasanapplicateoperatiorto click
thetop edgeor thebottomedgeof thescreerto switch
the desktopsas forward or backward movementsin
threedimension?

6. Did you think that this systemwas more easyto op-
eratethan virtual desktopsystemsto switch several
workspaces?

7. Did you think that it was usefulto shaov the back-
groundworkspacdike a screersaverin idle?

8. How mary layersareenoughdo you think?

9. Do you think thatit will be usefulto shaw live video
or similarimagesalwaysonthe background?

FUTURE WORK

This systemprovidesa basicinformationsharingmech-
anismanda visualizationplatformof workspacesWe plan
not only impraovementof the systemitself but alsoporting

W1 @m2030405]
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Figure 10: The questionnairedata(numbersin the paren-
thesesarethe averagepoints).

to otheroperatingsystemsandvariousapplicationson the
system.

We are continuously improving the software perfor
mance becauseahe loadsof imageprocessingo make the
perspectie visual effect and screenimagetransferon net-
works causesometimesincomfortablébehaiors. And, we
think thatit is neededhatsimplerandmoreintelligible op-
erationsto movementin three-dimensionalvorkspacesto
selectandlaunchapplicationsoftware,andvariousinterac-
tive operations.

We have someideasof applicationsof this visualization
andareimplementinghem. For example Figurellis ade-
signof integrationof portholesandwho-wherelist. In this
idea, eachuserhashis/herwindow on the group layer to
opentheir awarenessnformationin his/herpreferredway,
while the systemshaws all groups’workerswho-wherein-
formationon the commonlayer. We think thatthe system
will provide variouslevelsof awarenessike NYNEX Port-
holes[14] in moreflexible andconfigurableapproach.

CONCLUSION

This paperhasdescribeda new visualizationtechnique
that copeswith the problemsof visual sharedworkspaces
on corventionalsynchronougjroupware. Thevisualization
shavs sharedvorkspacesslayeredscreensf window sys-
temsin perspectie three-dimensionajraphics.

In the near future, sharedworkspaceswill be always
stayingon users’computerscreenanduserswill bework-
ing in their private spacedor personaland asynchronous
work, while working in sharedspacesor communication
and synchronouscooperation. The visualization allows
usersto frequently move amongseveral workspaceghat
they belongto.

There have been few researchesn visualization of
sharedworkspacesuitablefor suchnew situationandre-
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Figure11: Designof portholes who-wherdlist.

quirementsln this paperwe have clarifiedthesituationand
usageof sharedvorkspacesandintroducedthe conception
of the layeredarchitecturethendescribedmplementation
of thenew visualizationof sharedvorkspaces.

Thesystemconstructsisualizationlik e aslooking from
atop personalayerdown to a bottompublic layer. In this
visualization personahpplicationsoftware, whicharemost
frequentlyused,are shavn in front positionon the screen,
while software supportinggroupinformationareshown in
backgroundf thepersonabnes.

Thevisualizationis alsosuitablefor transmittingvarious
everydayawarenessnformation. It appliesthe conception
of information visualizationto supportusers’ awvareness,
andcanshav sharednformationandtheir modificational-
waysin the background. Therefore,the visualizationhas
potentialto be the userinterface of integratedgroupware
platforms.
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