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Abstract

Visual shaed workspacedor syntironousgroupwae
will be always staying on uses’ screensin the near fu-
ture. Users will be moving frequentlybetweentheir per
sonal spacesfor personal and asyn@ironous work and
shaed spacesfor communicatiorand syndironouscoop-
eration. For supportingsud situation,this paperproposes
a new techniqueto visualizeworkspacesas a set of lay-
ered virtual screensin pseudo-3-dimensiongraphics. In
this way, groups’ shaed workspacesare shownas badk-
groundof uses’ personalworkspacedike aslooking from
a top personallayer downto a bottompublic layer. This
3-dimensionaperspectivevisualizationis also suitablefor
transmittingeveryday awareness. Theefore, the visual-
ization has potentialto be the userinterfaceof integrated
groupwake platforms.

1. Intr oduction

Computersupportedcooperatie work (CSCW)will be
broughtinto your everydayworking stylesin the nearfu-
ture. Nowadaysmary workersarealreadyworking ontheir
personakomputersandthe computersare connectedvith
high-speedhetworks. After this, suchnetworkswill become
morehigh-speedthenusuallyyouwill beusingsomevideo
conferencingsystemfor a bit of communicationanddoc-
umentsandmaterialswill be managedn shareddatabases,
which mayhave somegraphicalinterfaces.

As CSCWor groupwaresystemdecomewidely usedin
your everydaywork like this, evolutions of userinterfaces
towardssupportingsuchsituationwill alsobe required.In
this situation, two types of software can exist simultane-
ously onyour computerspersonabpplicationsoftwareal-
readyusedfor mary yearsandgroupwaresupportingcoop-
erationand awarenessn variousnev ways. We think that
thesetwo typesof softwareshouldbe distinguishabldrom
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eachother andshouldalsoconsistseamlesandintegrated
ervironmentfor usability.

In orderfor usergo sharetheirinformationandtransmit
their own awarenesssynchronougroupwarerealizevisual
sharedvorkspacegstablishe@n thedisplayareasof com-
puter screend4, 9]. Suchsharedworkspaceswhich are
oftenimplementedvith windows of GUI (graphicaluserin-
terface),may hold someshareddocumentsandsharedcan-
vasesthenthe systemallows multiple userso accesshose
sharednformationsynchronouslyandmake awareof other
participantsbehaiors with somevisual effects.

In the future, visual sharedworkspaceswill be always
stayingon your desktop. You will beworking in your pri-
vate spacesfor personalwork, while working in shared
spacedor synchronousgollaborationand communication.
So, you will move betweenthesetwo kinds of spacedtre-
qguently This paperproposes new informationvisualiza-
tion techniquefor suchernvironmentof groupvwaresystems.

2.Visual Shared Workspaces

Previously in orderto realize synchronougroupware,
sharingof two visualworkspacemethodsin Figurel have
beenwidely used[1, 3, 5, 10, 16, 19].

Figure 1 (a) illustratesa type of tiling method. This
type of methodshaws bothusers personalvorkspacesnd
sharedworkspacesimultaneoushby dividing a screenor
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Figure 1. Conventional techniques for visual
shared workspaces: (a) tiling (b) windo wing.



awindow to severalregions. However, in this way, quitea
large areais usedfor shaving a sharedworkspace so the
sizeof the personalvorkspaces very restricted.

Although this methodcanbe adaptabldor the applica-
tions that needto shov sharedworkspacesnly on users’
request,this is not suitablefor the situation of our pro-
posal: the new collaboratve ervironment which shavs
sharedvorkspacesiwaysstayingon users’screerandthus
enablesusersto be aware of co-workers’ everydayactivi-
ties.

Ontheotherhand,Figurel (b)illustratesatypeof (over
wrapped)windowing method. In this way, eachshared
space,or applicationsoftware, are individually shavn as
a singlewindow. Therefore,eachwindow canbe moved
freely by users,and personakpacesandsharedspacesre
completelyintegratedandthusbecomeseamless.

This method, however, may bring some confusionto
users,sincetraditional personalapplicationsand new col-
laborative applicationsare hardly distinguishable.For ex-
ample,you may configureprivagy settingsonly concerning
your personalworkspacebut it canbe difficult for the sys-
temto provide visualinterfaceof intuitive configurationin
suchacompletelyseamlessisualaspect.

Thus workspacesshouldbe divided accordingto shar
ing levelsof information,lik e realworld officesthatconsist
of privatespacessuchasworkers’ privaterooms,andpub-
lic spacessuchasmeetingroomsandlibrary rooms. Such
spatialdivision andvisual effectsareconsidered/ery com-
prehensie to provide users’securityandprivacy [8].

3. New WorkspaceVisualization

In this sectionwe proposeanew visualizationtechnique
to shav sharedworkspacentelligibly. This new visualiza-
tion shavs multiple workspacesslayeredvirtual screens,
andit is inspiredfrom the layeredarchitectureof CSCW
datamanagement.

3.1 Multi-Lay ered Ar chitecture

Before describingour newv proposalon workspacevi-
sualization we describethe layeredarchitectureof CSCW
managementyhich we have proposedn [15, 2], in order
to realizean effective managemensf the resourcesn col-
laborative work ervironments.In the architecturecollabo-
rative workspacesrein formsof multi-layeredstructures.

In collaboratve work environments theregenerallyex-
ist personalresourceswhich is relatedto individuals,and
workgroup resourceswhich is sharedby group workers.
More generallyspeakingaworkgroupmaybelongto abig-
gerworkgroup,so theserelationshipscan constructa kind
of hierarchy

Although users are often working in their personal
workspacethey sometimeseedo referto informationalso
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Figure 2. Multi-la yered architecture .

in theworkgroupgshatthey belongso. Moreover, they may
needto referto the informationalsoin larger groupsthat
their groupsbelongto. For simplifying the problem,here-
after, we go with the exampleof this three-leveledlayered
workspaceand call eachlayer, respectiely, personal(pri-
vate)layer, grouplayer, andcommon(public) layer.
Fromtheseconsiderations;ollaboratve workspacesan
be representeds multi-layeredstructureslike asin Fig-
ure 2. In this architecture Jayersare virtual locationsto
manageaesourcen a CSCWsystemandit canbeconsid-
eredthattheremay be several layersin a system. Private
resourcesand sharedresourceghat we mentionedearlier
existonapersonalayerandworkgrouplayersrespectiely.
Of course ik e relationshipf workgroupresourcessome
workgrouplayerscanbelongto commonlayer.

3.2 Perspective Layered Workspace

We proposea new visualizationtechniquebasedon the
conceptionof the layeredworkspace. This methodvisu-
alizesa workspacefrom the viewpoint of eachworker in
Figure3thatit constructvisualizationlike aslooking from
atop personalayerdown to a bottompublic layer. In this
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Figure 3. The conception of visualizing multi-
layered workspaces.




Figure 4. The perspective layered visualiza-
tion; 1: on personal layer, 2: on group layer,
3: on common layer.

visualization personabpplicationsoftware whicharemost
frequentlyused,areshown in front positionon the screen,
while softwaresupportinggroupwork areshavn behindthe
personabnes.Thereforethe multi-layeredworkspacesre
shavn aslayeredvirtual screendn 3-dimensionadisplay
(Figure4).

In otherwords, this visualizationutilizes the visual pa-
rameterof depthon a screenfor representinghe sharing
level of information,sincethe morewidely sharednforma-
tion arevisually locatedon thefurtherpositionsfrom users.
Althoughit is considereda 3-dimensionalisualization,it
can be implementedwith pseudo-3-dimensionajraphics
usingcombinationof shrinkingandoverwrappingof screen
images.

Displayinginformationthatis frequentlyaccessedr re-
ferredby usersat successiely closerpositionsis a known
techniqueof 3-dimensionalinformation visualization[6,
17). In thatfield, various methodsfor shaving informa-
tion spaceson limited sizedscreenshave beenproposed.
In 3-dimensionaVisualization the perspectie techniques
mostly utilized for representingdegreesof referenceand
interest[7, 13, 14], andthe visualizationthat we propose
alsoutilizesit. Personalvorkspacesill be morereferred
andmanipulatedy ownersthansharedvorkspacessoit is
naturalto visualizepersonainformationcloserthanthat of
group.

3.3 Supporting Awareness

The conceptionof degreesof referenceandinterestand
its utilization for informationvisualizationarefoundto be
useful for transmissionof users’ awarenessnformation.
The awarenesss, in the field of CSCW a conceptionof
beingunconsciouslyaware of otherpersons behaior and
actiities. Awarenessftennaturallybringsaboutconscious
communication.

In synchronougroupware, like environmentalinforma-

tion of the realworld, transmittingusers’awvarenessnfor-
mationwith properintensityis effective for collaboration
andcommunicatior11]. In therealworld, whenusersare
centeringon somethingmportant,they might not be aware
of others’gazesor auras. Furthermore pulletin boardsor
televisionsin public spacesare shaving suchbackground
informationin relatively weakintensity

The visualizationthat we proposeis very suitablefor
purposeof suchawarenessgransmissionlt appliesthe con-
ceptionof degreesof referenceandinterestto showv users’
awarenessThecorventionalvisualizationsshav sharedn-
formationonly whenusersrequest. We proposethe visu-
alizationthat canshav sharedinformationandtheir mod-
ification alwaysin the backgroundindeedasscreerback-
ground).

3.4. Traveling in 3D Workspaces

A worker often belongsto more than one workspaces
including the personal space and at least one group
workspace,so generally workers may belongto several
workgroupssimultaneously CSCW environmentsshould
supportusers’intelligible switching from one workspace
to anothey and in the user interfaces of visual shared
workspacesthe switching operationshould be done also
with visualandgraphicaloperations.

In our perspectie visualization,usersare able to intu-
itively changeworkspacewith 3-dimensionamaoving op-
erationssuchasforward, backward, rightwardandleftward
movementfrom their positions. We think thattheseopera-
tions are very intuitive for users,becausepn their screen,
these operationscan be performedwith effective visual
feedback.

As the Figure 5 shaws, whenuserswantto mainly deal
with their group level information, they may move for-
ward in the 3-dimensionalspace. Then, their personal
workspacedecomeinvisible on computerscreensandthe
groupworkspacesreshavn 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,3-dimensionarightward and
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Figure 5. 3-dimensional moving operations.
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event—generation mechanisms and renders the component accordingly.

For example, both a menu item and a toolbar button could access a CU L action object. The text associated
with the ohjectis specified as "Cut”, and an image depicting a pair of scissors is specified as its icon. The
Cu t action-object can then be added to a menu and to a toolbar, Each container does the appropriate
things with the object, and invekes its ac t 1 onPer f ormed method when the component
associated with itis activated. The application can then disable or enable the application object without
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Figure 6. Overview of the system.

leftward shifts of usersare metaphorsof switching group
workspaceshatthey belongto. Userscanvisually change
workspacesvith these3-dimensionamoving operations.

4. Implementation of the Prototype

In orderto examine the availability of the pseudo-3-
dimensionalworkspacevisualizationillustratedabove, we
have beendeveloping the systembasedon this concep-
tion [18]. This sectiondescribeghe implementatiorof the
softwarewith severalscreerimages.

4.1 Overview of the System

Figure 6 shovs an exampleof how the systemis used.
In this example, there are two layers of sharedspaces,
workspacesfor a group and for all groups, behind the

layer of the personalspace. The personalspaceexists
on top of the screenand transparentlyoccupiesthe entire
screen,and the sharedworkspacesare shavn in perspec-
tive accordingto their sharinglevels. Figure4, mentioned
above, also shows in which layer eachwindow exists in

Figure 6. An image processingsoftware (GIMP), a web
browser (Netscapepnd a calendarsoftware (Plan) are be-
ing launchedrespectiely in the personalworkspace(top

front layer), the group workspace(middle layer), and the
workspacesharedoy all groups(bottomlayer).

4.2 Visualization Techniques

In Figure6, theentireimagerepresents personatesk-
top screernandalsoanimageof computerscreenitself. In
otherwords, the mostfront layer (personalworkspace)s
realizedwith corventionalwindow systemsof GUI. Group



workspacesare shavn as virtual root windows, or back-
groundwallpaperspf personailvorkspacesthatis, the sys-
temdraws someanothemwindow systemsn thevirtual root
windows repeatedly

As well asin the top private layers, the systemal-
lows users'transparenvindowing operationin background
grouplayerby forwardingsystemeventssuchasmouseop-
erationto the virtual root windows. In addition,sincewin-
dows in group workspacesre sharedobjectsof all users

who belongto correspondinggroups,ary userconnected

via network canalsoperformwindowing operationsuchas
openingandmaoving.

In thisimplementationgroupworkspacesredravn 7/8
smallerand20% darker thanpersonalworkspacesby pro-
cessingimage of virtual screendn memories,and more,
commonworkspacesare dravn, aswell, 7/8 smallerand
20% darker than group workspaces. Thesevisual effects
enableusersto comprehendn which workspacesachwin-
dow is shavn.

Although recursve layering of workspacesnore than
threelevels are even possiblein the implementationsuch
excessve visualizationis probablynot meaningfulfor ordi-
naryusers.

4.3 Operationsin Workspaces

Moving operationsn 3-dimensionakpacedor intuitive
switchingof workspace$iave beenalsoimplemented.f a
userwantsto go forwardfrom his personakpaceo agroup
workspacethe usermay move the mousepointerto a top
edgeof the screenandclick the button, thenthe usercan
moveto onemoredeepetayer. Similarly, if auserwantsto
gobackwardto personaivorkspacetheusermayclick bot-
tom edgeof the screen.Furthermorejf the userhasmore
thanonepersonakpace®r belongto morethanonework-
groups,the usermay click right edgeor left edgeof the
screento move betweertheworkgroupsof samelevel.

Userscanalsotransferimagesof individual application
windows amongworkspacesso they can put copiedim-
agesof windows in their privateworkspaceontogroupand
public workspaces By this feature,the systemprovidesa
way for usersto bring out their privatewindows for others,
andto putthe copy of publicinformationon their personal
spaces.

We have also developedthe device that displayswin-
dows only with their framewnorks to provide capability for
usersto view otherwindows hiddenunderlarge windows
(Figure7). Occasionallyusersneedto referto documents
in groupworkspaceswhich are hiddenunderthe personal
windaws. In this case,userscan changewindows frame-
work shapesvith anoperationlik e iconification.
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Figure 7. Framework windo ws for referring
deeper layers.

4.4 Platform and Utilized Software

This softwareis developedon the UNIX client of VNC
(Virtual Network Computer)[2], which is a multi-platform
screersharingprogram.VNC cantransferthe desktopim-
agesof window systemssuchasX Window System(X11)
andMicrosoft Windows, andprovide a network-transparent
operationervironment,so the software also supportsvari-
ousVNC features.

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

In addition, we implementedndividual programssuch
as copying images of windows betweendifferent X11
screensglisplayingcertainwindow imageasascreersaver,



andopeningdocumentsn its properworkspace.

5. Future Work

At thispoint,thesystenprovidesbasicinformationshar
ing mechanismand visualizationof workspaces.We plan
thefollowing work to realizeanintegratedervironmentfor
collaboratie work.

Providing New Application Software: Now, the sys-
tem provides an ervironmentto showv existing X11-based
applicationsoftware. We will developnew applicationsoft-
warefor utilizing the varioustechniqueghatwe have pro-
posedmoreeffectively.

Toward an Integrated Groupware Platform: More-
over, we wantto adapta databasenginebasedon the lay-
eredarchitectureo this system. This will realizean inte-
gratedgroupware platform covering form databaséo user
interface.Thus,usabilityevaluationin therealervironment
will bepossible.

Mor e Intelligible Operations: It is neededthat sim-
pler and more intelligible operationsto movementin the
workspacesto selectandlaunchapplicationsoftware,and
variousinteractive operations.

Impr ovementof Performance: Theloadsof imagepro-
cessingo make the perspectie visualeffectandscreerm-
agetransferon networks causesometimesuncomfortable
behaior. So,we arecontinuouslyimpraoving the software
performance.

6. Conclusion

This paperhasdescribeda new visualizationtechnique
that copeswith the problemsof visual sharedworkspaces
on corventionalsynchronougjroupware. Thevisualization
shavs sharedvorkspacesslayeredscreensf window sys-
temsin perspectie 3-dimensionagraphics.

In the nearfuture, sharedworkspacedor collaboration
will bealwaysstayingon users’computerscreenandusers
will be working in their private spacedor personalwork,
while working in sharedspacedor groupwork. Thevisu-
alization enablesusersto frequentlymove amongseveral
workspaceshatthey belongto.

The visualizationis alsosuitablefor supportingvarious
everydayawareness.It appliesthe conceptionof degrees
of referenceandinterestto shav users’awarenessandcan
shav sharedinformation and their modificationalwaysin
the background.Therefore the visualizationhaspotential
to betheuserinterfaceof integratedgroupwareplatforms.
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