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Abstract Thepaperpresentsanapproachandanarchitecturesupportingtherepre-
sentationof awarenessinformationin cooperativeapplications.Theapproachis based
on thechoiceto make a cleardistinctionbetweentherepresentationof actorscurrent
focusandof thevariousdegreesof awarenessinformation.Thearchitectureis influ-
encedby thebasicchoiceto supportflexibility andadaptabilityof therepresentation
accordingto usersneeds.Thepaperillustratestheapproachthrougha prototypethat
servesasademonstratoranddiscussestheimprovementsthathavebeenderivedfrom
this experience.

1 Motivations and background

The recentevolution of cooperative applicationsshows a greatimprovementin their func-
tionality, interoperabilityandintegrationwith WEB technologies.Unfortunately, thedesign
of their interfacesdoesnotshow, in general,thesamedegreeof innovation.Mostof theappli-
cationinterfacesarestill basedonaparadigmbasedonwindows,buttons,etc.,which is often
adoptedin WEB interfacestoo. Of course,theseconsiderationscanbedonefor single-user
applicationinterfacesbut thelimits of theabove paradigmareespeciallyevident in thecase
of cooperative applications,at leastfor two reasons.First, the distributednatureof cooper-
ation increasesthecomplexity of thetypeof informationthathasto berepresented.In fact,
usersarenot only involvedin severalactivities at thesametime (like in single-userapplica-
tions) but they arealsopart of several cooperative environmentsin orderto performthem.
This meansthattheuserinterfacehasto take into accounttheco-existenceof theseenviron-
mentsnot only from the point of view of their specializedfunctionality anddataexchange
but also from the point of view of the co-existenceof several groupsof userscooperating
within or acrosstheseenvironments.Thisbringsto thesecondsourceof complexity, namely
therepresentationof theinformationthatis fundamentalfor aneffectivearticulationof those
cooperativeactivities. It is now recognizedthateffectivenessof cooperationis obtainedby a
mix of coordinationsupports(like protocolsandcoordinativeartifacts)andawarenessof the
stateof thecooperativework arrangementandfield of work. Both coordinativesupportsand
awarenessinformationhave to berepresentedin theinterface.In [1, 13] westressedthatthis
representationhasto be integratedasthe relatedsupportive technologiesshouldbe. In [2]



weproposedconceptualtoolstowardsthis integration,with aspecialemphasison protocols.
However, thesetools areuseful to elaboratecoordinationandawarenessinformationonly,
andleave completelyout any aspectof their representation.The latterareinsteadthe focus
of thepresentpaper.

Theinnovationof thecooperativeapplicationinterfacesis mainlybasedontheshift from
desk-toplike metaphorsto metaphorsdescribingaspectsof the broaderspacein which co-
operationhappens.Theseaspectsconcernthepresenceof theinvolvedactors,their location,
theiravailability, theircurrentactivities,andsoon.Hence,it is naturalto look at technologies
ableto representthespaceof cooperationandtake into accounttheabovementionedaspects.
For example,WEB-basedinterfacescanbe bent to transformthe typical navigation into a
journey in an emulatedthree-dimensionalworld. Typically, the discreteclicking on active
cues(like iconsandbuttons)is replacedby thecontinuousdisplacementof themouseon the
screento geta moredetailedvisualizationof somepartsof thespace;or thecombinationof
animationsandimagesrepresentthechangeof perspective during the journey. Theobvious
alternative is to use3D technologiesto simulatethe spacetrougha virtual representation.
Sincemany yearsthereis a lot of researchesin thefield of VR (Virtual Reality)whosemain
goal is to reproduceasmuchaspossiblerealisticenvironmentsthroughcomputergraphics.
With therecentphenomenonof Internettechnology, many approacheshave beenattempted
to combinethe VR technologieswith CSCWprinciplesbringing to what hasbeendefined
CVE (Collaborativevirtual environment).Themainideais to createasharedvirtual world in
which severalusers,representedthroughavatars,canmeetandinteractwith eachothervia
multi-modalcommunication[16].

This type of technologyhasbeenrecentlyapplied,with suggestive results,to interpret
artisticperformancesastheresultof acollaborationamongrealandvirtual characters,mem-
bersof theaudienceandaproductioncrew [3]. In general,CVE applicationsarebasedonsce-
narioscharacterizedby a tight collaborationamongthe involvedactorsin thevirtual world.
A crucial issuein this respectis therelationbetweenthis collaborationandtheconcomitant
collaborationin the real world. In otherwords,the generalquestionis: how canpeoplebe
simultaneouslyimmersedin the two worlds?How canthe latterbecoherent?Anotherfield
of applicationof specialtypesof CVEs is collaborative engineering:here,for example,the
possibilityto reproducedetailedfeaturesof productsallowsdesignersto performdistributed
simulationsin variousphasesof thedesignprocess,with theobviousadvantageto collabora-
tively anticipateandsolveemerging problems.

It not immediatelyevidenthow theoutcomesof theabove experiencescanhighlight the
designof interfacesfor lessspecializedCSCWapplications.We believe thateachsituation
requiresad hoc considerations,and that it is worthwhile to proceedin differentdirections
beforetrying any generalization.

The scenariowe aretaking into accountis characterizedby the presenceof distributed
autonomousactors,cooperatingin variouskindsof activities. Here,distributednessandau-
tonomy imply the articulationof local, autonomouschoicesto focuson different,concur-
rently executableactivities. In this scenario,cooperative actorsdo not primarily needfull
immersionin, nor exacerbatedrealismof, therepresentationof thecommonworking space.
As for the first aspectthe interfaceshouldgive cooperative actorsthe possibility to distin-
guishtheir currentlyfocusedworking spacefrom thespacegeneratingawarenessof therest
of the collaborative environment.As for the secondaspect,the representationof the latter
hasto reproducethe relevant information in a way that it is easyto graspandunderstand.
Hence,altogether, our approachis closerto the oneproposedin Nessie[6] andTower [7]
wherethefocusedworking spaceis keptseparatedfrom theawarenessspace.However, our



approachhassomedifferences.First, we do not aim, at this stage,to ’f acilitateencounters’
althoughthis featurecouldbepartof ourgoalsin thefuture.Second,theinterfacehasto give
cooperative actorsa view of theawarenessspacefrom their individual perspective. Finally,
the collaborative environmentis representedon the basisof spatialmetaphorsthat flexibly
combinefeaturesof thephysicalsettingwith featurescharacterizingthe logical structureof
thecollaborativeenvironment.

Accordingly, we want to usethecapabilitiesof thetechnologiesconstructingvirtual en-
vironmentsto createVirtually AugmentedCommonWorkingSpaces,revisiting theideasun-
derlyingtheapproachcalledAugmentedReality, whoseaim is to populateandenricha real
world with computergeneratedgraphics.An additional,long-termgoal is to realizethose
spacesso thatuserscanspecifythemaccordingto their preferencesin full integrationwith
thetechnologythey useto supportcooperation.

The paperis organizedas follows: the next sectionillustratesthe above goalsmore in
detail. Thenthe approachis exemplifiedin Section3 throughthe descriptionof an imple-
menteddemonstrator. Section4 illustrateshow thenew architecturegoesin thedirectionof
the abovementionedgoals.The concludingsectionidentifiesthe next stepsof this research
effort.

2 Basic principles and key concepts

Thegoalsmentionedin theprevioussectionrequirea morepreciseargumentationwhereto
groundthesolutionwewantto present.To thisaimwehave to betterspecifythescenariowe
wantto consider. Thenwe discussthethemeof theintegrationof thenew functionalitywith
thepossiblypre-exiting technology.

2.1 MoreabouttheconsideredCommonWorkingSpace

Wedescribedourmaingoalastheconstructionof aVirtually AugmentedCommonWorking
Space.This locution recallsthenotionof CommonInformationSpaceswidely discussedin
[4]. Thetwo notions,althoughsimilar in somerespect,show a differentemphasis:thelatter
emphasizesinformationwhile theformeremphasizeswork. Webelieve thattheemphasison
informationis toonarrow to captureall theaspectsweareinterestedin. In fact,thereference
metaphorandalmostall the field studiesusedto illustratethe conceptrefer to an enlarged
view of a repositoryof information.Instead,weaimataspacepopulatedby actors,activities
andall kind of resources,all consideredon the equalfoot. Hence,this spaceis dishomo-
geneousanddistributed.Moreover, its structureis dynamicsincethe above entitiescanbe
stronglyor looselyconnecteddependingon theevolutionof thestateof thecooperationhap-
peningin thespace.For us thetermwork is moreadequateto representtheabove richness.
The co-relatedcomplexity makesthis spacesometimesdifficult to be perceived by the co-
operatingactors.In fact,it is not identifiedthrougha singleor well recognizablephysicalor
logical space.The distributedactivities make partsof the spaceopaquefor someobserver:
thepertinentinformationis not reachableandcannotbeusedfor coordinationpurposes.But
weknow thattheawarenessof whatis goingon, in acloseor peripheralway, is thegluethat
makesthespaceexist, take a meaningfor theinvolvedactorsandplay a role in cooperation.
In this scenariothe useof a technologysupportingthe perceptionof the commonworking
spaceis especiallymotivatedsinceit providescoordinationcapabilitiesthat areotherwise
impossible[5].
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Figure1: Representationof thefocusedworking spaceandof theawarenessinformation.

On theotherhand,augmentingthecapabilityto perceive theabovecomplexity canover-
whelm the actorsandmake the relatedinformationpracticallyuseless.Hence,it shouldbe
possiblefor eachuserto accessexactly what is pertinentto her currentinterest.With the
conceptof focuswe denotesomeone’s attentionfor somespecificaspectsof thespace.For
example,althoughpeoplearenormally involved in several tasksat thesametime, however
nobodyis executingmorethanonetaskin any givenmoment.Hence,peopleswitch,moreor
lessfrequently, from onetaskto anotherandin sodoingthey changethepoint of view from
whichthey acquireawarenessfrom whatis goingonin thecommonworkingspace.Wewant
to usethenotionof focusfor twopurposes:first, to createaplacewhereactorscanconcentrate
on their currentdutyor interestandfind therelatedresources;second,astheperspective(the
sourceof thegeometricalaxes)from whichthebroadercooperationspaceis lookedat(repre-
sented).Thischoicehasin turn two implications.On theonehand,theinformationtheactor
is focusingon andtheawarenessinformationhave to beeasilydistinguishable.Theway in
whichwewantto obtainthis resultis to usedifferentsupports:typically, two screensdevoted
to containtherepresentationof thefocusedworkingspaceandof theawarenessinformation,
respectively (Figure1).

Thesameideais adoptedin [6, 7] andits effectivenesshasbeendiscussedin [12] on the
basisof afield investigation.On theotherhand,awarenessinformationhasto berepresented
by takinginto accountdifferentdegreesof ’proximity’ with thecurrentfocus:from veryclose
to fully peripheral.This helpsactorsto graspin an immediateway an importantfeatureof
awarenessinformation.To thisaimweconceivetheentitiespopulatingthecommonworking
spaceaslinkedby differenttypesof relations:from simplephysicalproximity upto purelog-
ical relations.Theserelationsdefinethetextureof thespaceandallow thedefinitionof what
we call logical distancebetweenentities.By taking the perspective of the observingactors
togetherwith their currentfocusandby combiningthemutualdistancesbetweenentities(a
sort of transitive closureon the graphdefinedby the texture) we cancomputethe distance
betweentheobserverandeachobservedentity.

While physicaldistancecan be univocally obtainedby a simplification or abstraction
of the real work setting,logical distanceis moredifficult to definesincethe relationscon-
structingthetextureof thelogical spaceare,in general,not readyat hand.This is wherethe
integrationof thetechnologysupportingcooperationwith theonepromotingawarenessplays
afundamentalrole.As illustratedin [13] theneededrelationscanbederivedfrom thelogical
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structureof theapplicationssupportingcooperation,possiblyaugmentedby adhocrelations
for sake of awareness.Thesamepaperdiscusseshow this canbedoneby differenttypesof
actors(playing therole of applicationdesignersand/orend-users)throughthe functionality
providedby a softwaremodule,calledAW-Manager. Obviously, this typeof solutionis not
mandatory:thelackof asimilar integratedfunctionalityrequiresotherstrategiesto determine
therelationsthatcanbemeaningfulfor sakeof awarenesspromotion.Theproposedapproach
hastheadvantageto capture,’at thesource’,theinformationrelatedto thecooperativeappli-
cationsconcerningarticulationwork aswell asthefield of work [14]. And moreimportantly,
it allows for the dynamicalupdatingof this informationaccordingto changesaffecting the
applicationsin thecourseof their execution.

2.2 Theinformationflow

For theabove reasonswe considerthescenarioillustratedin Figure2. Usersarethesource
and the destinationof the awarenessinformation.They play assourceby using the appli-
cationssupportingcoordinatedactivities. The relatedfactsarepassedto the componentin
chargeto transformtheminto awarenessinformation.Thelatteris interpretedby thecompo-
nentmanagingits representationandfinally presentedontheuserinterfaces.Theinformation
flowing throughthedifferentcomponentshasto becodifiedsothat thenext componentcan
elaborateit. To this purpose,the centralcomponent,in our casethe AW-Manager, playsa
pivotal role. The factsit is ableto interpretmainly concern:thecreation/deletionof entities
andof the involvedrelations(i.e., theevolution of thespace),andthechangeof stateof the
entitiesandof theirpositionin thelogicalspace(eventslikeanactorassumingarole or acti-
vatingataskor accessingaresourcechangetheproximity of therelatedentities).Thesefacts
aretransformedby the AW-Manager into awarenessinformationon the basisof the aware-
nessmodelit incorporates.Thelatter(calledMoMA) belongsto theclassof theSpace-based
Awarenessmodels[6, 7, 8, 9, 10,11] andis basedonareaction-diffusionmetaphor. TheAW-
Manager elaboratesthe incomingfacts in termsof modificationsof theawareness(logical)
spaceor of the proxiesof theapplicationentitiespopulatingthe spaceitself. In addition,it
generatesthe relatedawarenessinformationon thebasisof scriptsof primitivesthatdefine
theimplicationsof theabovemodifications.For example,a scriptcanestablishthatwhenan



actoractivatesa specifictaska notificationhasto begenerated.Thetargetentitiesaredeter-
minedon thebasisof the textureof thespace,their logical distancefrom thesourceentity,
thestrengthof themessageto benotified,thepropagationlaw associatedto thenotification
(for example,theoriginal strengthcandecreasewith thedistance),andfinally thethreshold
of sensitivity of thecandidatereceiving entities.Hence,theawarenessinformationto berep-
resentedconcernsthechangesof statesandpositionof theentities,andthetypeandstrength
of thenotificationreachingtheentitiesthatareproxy for anactor. The’values’of thenotifi-
cationto othertypesof entitiesarepossiblyusedto defineandelaboratethepropagationof
awarenessinformationbut arenot involvedin any representationat theuserinterfaces.

Thelastcomponent,thatwecall ThreeDness, is in chargeof thegraphicalrepresentation
of theawarenessinformationreceivedfrom theAW-Manager. This componentis illustrated
in thefollowing sectionsfor whatconcernsits functionalityandinternalarchitecture.

3 The current prototype

In orderto checkthe feasibility of thebasicideasillustratedin theprevioussectionwe de-
velopedaprototypeto beusedasademonstrator. It doesnotcontainall thefeaturesfulfilling
our shortandlong term goals.However it servesasa test-bedfor the preliminaryversions
of the functionalandthearchitecturalsolutions.In thenext sectionwe will discussthe im-
provementswe areworking on, alsoin relationto this experience.In orderto constructthe
demonstratorwehaveto identify areferencescenario:it hasto begeneralenoughto describe
a wide rangeof working environments,andconcreteenoughto createa naturalmappingbe-
tweenlogical entitiesandgraphicalvisualization.Moreover, in orderto avoid, at this stage,
seriousintegrationproblemswith theAW-Manager (whoseimplementationis still underim-
provement)thedemonstratoris built asa stand-alonecomponentwhich receivesawareness
informationfactsconcerningpotentialcooperative applicationsfrom aninterfacedevotedto
simulatethis interaction.

3.1 Thereferencescenario

Thescenarioconsidersa work arrangementin which actorscooperatively accomplishtasks.
Tasksarestepsof a distributedprojectandrequireresources.This simplescenarioallowsus
to take into accountbothfocus(on thecooperationaroundasingletask)andvariousdegrees
of peripheral awarenessconcerningothertasksaswell asthe relatedactorsandresources.
Thescenariois describedin termsof entitiesandrelationsamongthemasfollows.

3.1.1 Thetextureof thelogical space

The referencelogical spaceis populatedby four typesof entities:Task, as the unit of the
cooperativework; Role, definingtheActor’s responsibilityfor TasksandtheResourcesused
in theaccomplishmentof Tasks.

Therearetwo typesof resources:informative resourcesandtools.Tools areall kind of
physicalresources,ascomputers,printersor desks.Informative resourcesareof a moreab-
stracttype,asaworkingdocument.

Theaboveentitiesarerelatedwith eachotherin thefollowing way:
Actors <-> Roles An actorcanplaydifferentrolesandviceversa.
Actors <-> Resources An Actor canusemoreresourcesat thesametime,but a resource

canbeusedat mostby oneactor.
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Roles <-> Tasks A role is responsiblefor a task.A taskcanhave just oneresponsible
role which canbeplayedby severalactors.Hence,therelationbetweenActorsandTasksis
mediatedthroughthenotionof Role.

Roles <-> Resources A role is responsiblefor a resource.A resourcecanhave just one
responsiblerolewhich canbeplayedby severalactors.

Tasks <-> Resources Theresourceis necessaryfor theaccomplishmentof a task.A task
may needseveral resources,anda resourcecanbe usedin the accomplishmentof several
tasks.

Task <-> Task A projectis describedasa partialorderamongtasksto expresspriorities
andconstraintsin their accomplishment.This relationis representedby anAND/OR graph.
Figure3 shows an example.T0, T1, ..., T5 aretasks.R0, R1, ..., R5 arethe rolesassigned
to their accomplishment.To develop the projectonecanchooseto startwith taskT5 or to
follow the alternative branch(OR). In this case,taskT0 hasto be finishedbeforetasksT1
andT2 canstart:thelattercanbedevelopedin parallel(AND). BeforetaskT4 is started,task
T1 andT3 have to beconcluded.ThesameholdsbetweentaskT3 in relationto taskT2.

3.2 TheresultingVirtually AugmentedCommonWorkingSpace

In thissectionwedescribehow ThreeDnessvisualisestheabovescenario.First,we illustrate
the representationof the backgroundscene.Then we describehow is it personalizedand
augmentedfor eachuser.

3.2.1 Thevisualizationof thebackgroundscene

Figure4 shows a snapshotof thethreedimensionalscenevisualizingthebackgroundscene.
Thevisualizationis basedona simplificationof thephysicalspace.

The leadingidea is to seethe latter as composedof rooms,eachcontainingthe work
placesof theActorsliving in it. A work placeis composedof anavatar, adesk,a tableandan
archive.TheavatarrepresentstheActor. Thedeskis its localworkingspace,thatis, theplace
theActor focuseson while working on a specifictask.Thetablerepresentstheplacewhere
theActor pilessuspendedtasks,thatis, tasksin whichit is involvedbut notcurrentlyworking



Figure4: Thebackgroundscene.

on. The archive representstheplacewherean Actor locatesits informationresources:they
will be part of the personalizedworking placediscussedin the next section.Tools canbe
locatedin commonspaces,like corridors,or bepartof a working place.Figure4 shows an
exampleof both cases.Thesamefigurecontainsemptyrooms.They representa portionof
the spacethat doesnot play any role in the consideredcooperationarrangement.However,
theirpresenceimprovestherepresentationof thephysicalsettingandcanhelpusersto move
moreeasilyin it.

Thereis a one-to-onecorrespondencebetweenThreeDnessusersandavatarsin thesce-
nario. Henceevery ThreeDnessuserseesboth the representationof himself andof all the
otherusers.The first time a useractivatesthe ThreeDnessapplication,a window pops-up
presentingthebackgroundscene,built of roomsandwork places.Thelatterareusedasbasis
for additionalgraphicalrepresentationof theawarenessinformationwe wantto promote.At
thispoint,eachusercansetsomeparametersthroughthepanel(shown in Figure4 ) in order
to definewhich typeof informationwill be addedto thebackground.This selectioncanbe
changedat any moment,throughthesamepanel.Fromnow on, eachuserinterfacewill be
different:partly becauseof the above choice,partly becausethebackgroundwill be shown
from thelogicalandphysicalperspectiveof eachuser, asillustratedin thenext sections.

3.2.2 Thefocusandits closerawarenessinformation

As discussedin Section2, we proposeto usetwo supports(typically, two screens)in order
to representthe currentfocusand the awarenessinformation aboutthe surroundingCom-
mon Working Space,respectively. In this view, thefirst screencontainsthe interfaceof the
applicationusedto perform the focusedtask.Possibly, this interfacecontainscuesrepre-
sentingawarenessinformationclosely relatedto the applicationitself: for example,in the
caseof a co-authoringsystemtelepointersor cuesrepresentingthe currentstateof portion
of thetext, andthelike.Thesecondscreencontainsthebackgroundsceneillustratedabove,
enrichedwith additionalinformation.In our referencescenarioa key informationconcerns
tasks:hencewedescribehow tasksarerepresentedandtheresourcesthey use(Figure5).

The Tasksan Actor is working on arerepresentedas little colouredboxeson the desk
or on the tableof that Actor. Boxesarelabelledwith the nameof the Taskthey represent.



Figure5: Therepresentationof Tasks.

Both their positionandcolourconvey ameaning.Boxeson thetablerepresentTasksthatare
alreadydone(grey) or thatwill beactivatedin thefuture(blue),accordingto thepartialorder
relationdescribedin Section3.1. Their mutualposition in the pile representsthe temporal
order by which they have beenor will be executed.Boxes over the deskrepresenttasks
thatarecurrentlyunderconsideration(red).TheparticularTaskwhosespecializedworking
environmentis thecontentof thefirst screen,is still representedwith a box on thedesk,but
with agreencolour.

Therepresentationof theResourcesrequiresa specificcomment.Recallthata Tool is a
physicalobjectwhile an Informative Resourcemay be not. Tools arerepresentedby three
dimensionalobjects,possiblyabstractingfrom details,thateveryonecanrecognizeassuch:
e.g.aprinter. InformativeResourcesaremoredifficult to represent:in fact,they canbeapiece
of paper, or a little book,or a text file in somecomputer. Besidethecontentit couldbeuseful
to representthemediausedto keepit. Hence,sucha representationis moresubjective that
in caseof Tools. In theconstructionof thedemonstratorwe adopta simplifiedsolutionand
representInformative Resourcesasfoldersin thearchive. Again, differentcoloursdescribe
their state(e.g.,in useor idle) anda labeldescribesits contents.We will comebackto this
solution in the concludingsection.The representationtakes into accountthe two possible
relationsbetweenanActor anda Resource.If theActor is responsiblefor a Tool, the latter
is placedcloseto its workingplace.If theresponsibilityconcernsInformativeResources,the
latter arelocatedin the lower part of the archive of the responsibleActor’s working place.
InformationResourcesin useof someActor arelocatedin theupperpartof its archive,while
Tools in usearelogically connectedto theTaskwherethey areused:this link is visualized
throughacontinuousline if therelatedoptionhasbeenselectedin theabovementionedpanel.

The representationof the focusedspaceis coherentwith the choiceto incorporatethe
Actor (avatar)representingtheuserin thebackgroundscenetogetherwith theotherActors.
We believe that this doublepresencenaturallyprovidesa continuity betweenthe contents
of the two screens.Moreover, theabstractrepresentationof the informationconcerningthe
focus(thegreentask)andtheuser’s avatardefinethepoint of view from which thespaceis
perceived,andthereforehelptheuserto keepthesenseof orientationin themoreperipheral



Figure6: TheSharedTasksrepresentationis differentfor differentusers.

awarenessspace:a sortof spottelling a "you arehere"information.

3.2.3 Representingperipheral awarenessinformation

All what (physicallyandlogically) surroundsthefocusedTaskscanbesourceof awareness
information.However, the latter canbe of differentrelevancein relationto the (physically
andlogically) distancebetweenthe observedentity andtheobserver. Hence,awarenessin-
formationhasto berepresentedaccordingto differentdegreesof relevance.Herebelow we
discusstwo possibilitiesthatweconsideredin implementingthedemonstrator.

An exampleof awarenessinformationthatis closeto theActor andits focusedTaskcon-
cernstheotherActors involvedin it. Of course,this informationcanbepartof theinterface
concerningthe focusbut thesameinformationin the representationof theCommonWork-
ing Spacecanprovide additionalinformation.Typically, this happenswhensomeActor is
not working on this Taskasthe observer could expect.The representationof the Common
WorkingSpacecantell theobserversomethingaboutwhy this is thecase.

Thegraphicalvisualizationof theTasksallows thesceneto containseveralboxesrepre-
sentingthe sameTask,eachover a differentdesk(or table)becauseeachTaskcaninvolve
differentActors.To make this factevident,boxesrepresentingthesameTaskareconnected
with a little colouredtube.Figure6 showsanexampleof thevisualizationof theinformation
aboutsharedTasks:they areconnectedby tubessuspendedin theair, crossingwallsandfur-
niture,to highlight thefact that thetwo boxesat their endsstandproxy for exactly thesame
Task.Thecolourandpositionof thetaskinstancestogetherwith thecurrentfocusof eachvis-
ible Actor givetheadditionalinformationwementionedbefore:aboutwhichTaskeachActor
currentlyconsidersof higherpriority (its focus) andthepriority of theTaskssharedwith the
observer (their mutualpositionin thepilesof theworking placeof eachvisible Actor). This
informationcannotbelongto or begeneratedby theapplicationexecutingthefocusedTask
of theobserver. Theabovevisualizationcanbedonefor all Tasksin theworkingspaceof the
observerby pointingthemwith themouse.Theusercanchooseif thevisualizationhasto be
permanentor transient(i.e., disappearingwith thedisplacementof themouse).Notice that,
sincethedrawing algorithmis stronglydependingon theidentity of theobserver, everyuser
interfaceshowsadifferentvisualizationof the(potentially)sameawarenessinformation.

In theabovesituation,thevalueof thedistancebetweentheconnectedTasksis one,that
is they areimmediatelyconnectedby the (derived) relation:beingan instanceof the same
Task.In themoregeneralcase,thelogical distancedefinesseveraldegreesof proximity. We
chooseto representdistancein termsof the dimensionof the involved object.The farer is



Figure7: TheLogical Distancerepresentationis modifying thesizeof theroomsin thescenario.

an object,the smallerit is represented.This is coherentwith the physicalrepresentationof
thebackgroundscene.However, actingat the level of singleobjectwould beconfusingfor
theobserver: in fact,eachroomcancontaindifferentobjectswith differentdimensions.We
tried this solutionandrealizedimmediatelythat it wasunacceptable.Hence,we decidedto
apply the changeof sizeto the roomsof the scenario.For every room a resizingalgorithm
performsan evaluationof the logical distancebetweenthe userof the applicationandthe
contentof theroom.Thealgorithmbasestheresizingon thelogical distanceof theelements
containedin theroom.A roomcloseenoughis kept in its original size,while the(logically)
farer is a room, the moreit is shrunk.Hence,if the contentof a room is logically closeto
theobserver, theroomis big enoughsothat its contentis clearlyvisible. On thecontrary, if
a roomis logically far, it is shrunkto make its contenthidden.Figure7 shows thedifference
betweenan interfacewherethe logical distanceis visualizedandanotheronewhereit does
not. Thepictureon the left is thenormalscenario,theoneon theright is showing thesame
scenariomodifiedby theresizingalgorithm.Thevisualizationis changingfrom anobserver
to anotherone.First,everyusercanchoosethroughthementionedpanelwhetherto activate
thelogicaldistancerepresentationor not.Secondly, thecomputationof thelogicaldistanceof
theroomsis differentfor eachobserverbecauseit is dependentoneachusercurrentfocus.So
thetopologyof thebackgroundsceneis thesame,but thesizeof theroomscanbedifferent.
Noticethatif ashrunkroomcontainsatasksharedwith theobserver, thepreviouslydescribed
tubesentertheroomwithout any additionalprecision.Again,by pointingtheroomit canbe
zoomedandthemoredetailedinformationwill appear.

4 The ThreeDness architecture

We describenow theinternalarchitectureof ThreeDnessin thegeneralcontext describedin
Figure2. As for thetechnologiesusedfor its implementation,thecodeis written in Java,the
network communicationsareRMI basedandthe3D graphicsengineis basedonthestandard
Java3Dextension.

In this sectionwe first describethe client/server architectureof ThreeDness. Then,we
giveadeeperlook at thePluginsystem, ageneralpurposesoftwarearchitecturethathasbeen
incorporatedin ThreeDness.
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4.1 TheServerandtheClientsin ThreeDness

ThreeDnessis composedof twodistinctmodules:theserverandtheclient,asshown in Figure
8.Thebottompartshowstheserversidearchitecture,while thetoppartshowstheclientside.
The dottedline in betweenrepresentsthe network communicationbetweenthe two sides.
Following the standardclient/server paradigm,thereis a singlemachinerunningthe server
application,while severalclientsestablishanetwork connectionwith theserver.

Server side (bottom): Duringitsexecutiontheservercommunicateswith theAW-Manager,
the applicationin charge of collecting factsaboutusersactivities andtransformstheminto
AwarenessInformation. A deeperdiscussionaboutthe AW-Manager andits underlyingar-
chitecturecanbefoundin [13].

The ThreeDnessserver is mainly composedof threeparts:A PluginServer, an Aware-
nessInformationto 3D-AwarenessInformationconversionmoduleandaPluginsrepository.
The conversionmodulecontainsa set of algorithmsto transformthe AwarenessInforma-
tion, comingfrom theAW-Manager, into a datastructuressuitableto dealwith its graphical
representation.In fact, the AW-Manager is a sourceof datafully unawareof any graphical
representation.We call the convertedinformation3D-AwarenessInformation. The Plugin-
ServerfunctionalitiesandthePluginsystemmanagingthemwill bediscussedin Section4.2.
ThePluginServercontainsaPlugindedicatedto collect3D-AwarenessInformationfrom the
conversionmoduleandsendtherelatedupdateddatato all theconnectedclients.

Finally, the Pluginsrepositorycontainsthe Pluginsdevotedto the representationof the



3D-Awarenessinformation: they areloadedby thePluginServerandsentto theclientswhen
they connect.Moreover, whenthey areupdatedfor somereason,the PluginServerreloads
themandall theconnectedclientsareforcedto downloada copy of thenew Plugins.

Client side (top): TheThreeDnessclient is composedof threeparts:ThePluginContainer,
the3D graphicengineandthegraphicaluserinterface. As before,thedetailsof thePlugin-
Client will bediscussedin Section4.2.WhentheThreeDnessclientestablishesaconnection
with the server, the PluginClient downloadsfrom the server all the neededPlugins.They
constitutethemainpartof thecoderunningon theclient.Oneof thesePlugins,named“Lo-
cal copy of awarenessinformations”is dedicatedto managethe copy of the3D-Awareness
Information received from the server. The latter is elaboratedby the otherPluginsthat are
responsibleto convert theminto 3D Directivesfor the3D GraphicEnginethatgeneratesthe
graphicsfor thegraphicaluserinterface.

As anticipatedin Section3.2.1,userscan set someparametersto customizetheir 3D
interface.Theseparametersaffect the above mentionedPlugins.Notice that customization
is local to every client, that is, every client receivesthesame3D-AwarenessInformationbut
visualizesit differentlydependingon theuserspreferences.

4.2 ThePluginsSystem

ThePlugin systemis a peculiarcharacteristicof ThreeDness. First we give thebasicmotiva-
tionsanddescribehow it fits into theThreeDnessarchitecture.Thenwe givesometechnical
detail.

4.2.1 Pluginsusage in ThreeDness

Theideaof having remotelydownloadablePluginscameout from two needs:thecustomiza-
tion of the visual representationandthe efficient managementof clientsupdates.Sincethe
combinationof thesetwo needs,namelycustomizationandefficiency, is typicalof many ap-
plications,we developeda generalpurposePluginssystemthat canbe usedirrespective of
thetypeof functionalityprovidedby themanagedPlugins.Of course,thereareready-at-hand
solutions(like,e.g.,Javabeans[17]) but generallythey show two problems:they aretoocom-
plex to manageandmoreimportantlythey cannotbeusedasgeneralRMI objects.In order
to fulfill theneedof customizationin our framework, it is necessaryto provide every client
with acopy of thealgorithmtranslating3D-AwarenessInformationinto 3D Directivesfor the
3D GraphicEngine. Thechoiceto let theservercomputethe3D scenarioandthendistribute
it to theclientshastwo disadvantages:althoughsimpler, this architecturemakescustomiza-
tion moredifficult andover-chargestheserverwith heavy andcomplex 3D calculations.The
needof customizationimpliesalsoa modulararchitecturethatfacilitatesthemodificationof
partialfunctionalitiesandtheir integrationin theoverall application.All theaboveconsider-
ationsmotivatethechoiceto organizeall theexchangesof codeanddatastructurebetween
theserverandtheclientsin termsof Plugins.

In thisway, weobtainatthesametime:modularity, mobility andanefficientmanagement
of the3D computations.In facttheThreeDnessserverdoesnotneedto dealwith 3D graphics
andto have any 3D library installed.This bringsanotheradvantage.With mostof thecode
downloadeddynamicallyat boot time, the needof reinstallinga client on every machine,
whensomecodechangeoccurs,is significantlyreduced.By the way, this makeseasierthe
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Figure9: Thehierarchyof thePluginContainersclass.

incrementaldevelopmentof ThreeDness, wherechangesare quite frequent.Moreover, all
clientsdonot needto sharethesame3D libraries.

Onemayarguethatacompleteuploadof all Pluginsmaybeheavy from thepointof view
of the network load.Currentlythe applicationhasbeendevelopedfor local areanetworks,
wheretransferspeedis fastenoughanddoesnotcreateany problem.Anyway, webelievethat,
if band-withbecomesaproblemin somesituation,acachemechanismmightbeimplemented
to reducethe datatransferby preventingthe client from the uploadofPluginsthat arenot
changedin theserver repository.

4.2.2 Componentsandfeatures

The purposeof the Plugin systemis to give supportfor a flexible and easyexchangeof
Plugins.Figure9 showsthethreemostsignificantclassesof thesystem.ThePluginContainer
at the top of Figure9 is a classproviding thebasicfunctionalitiesthatarecommonto both
thePluginClientandthePluginServersubclasses(bottomof thefigure).Thesefunctionalities
handlethecollectionof Pluginsin orderto:

� InsertandremovePluginsto andfrom thecontainer. This is thebasicfeaturethatallows
thedesignerto decidewhichPluginareavailablein ThreeDness.

� Initialize anddestroy a Plugin onceit’ s insertedin the container. Every Plugin hasthe
responsibilityto initialize itself after beinginsertedin the containerandto de-initialize
itself beforebeingremoved.

� RealizePluginsinter-communication.With this mechanismevery Plugin hasthe list of
all theotherPluginsinsertedin thecontainerandcaninteractwith them.

The two sub-classesderived from this classaddnetworking functionalitiesto the Plugin-
Container. Normally, wheninstantiated,a PluginContaineris empty. ThePluginClient is a
specialcaseof a PluginContainerwith theadditionalcapabilitiesto dynamicallydownload



Pluginsfrom the specifiedserver. The PluginServeris a specializedPluginContainerwith
theadditionalcapabilityto uploadPluginsto a client requestingthem.NotethatthePlugins
containedin the server aredifferentfrom the Pluginsthat will be sentto the client. In fact
theserver is containingtwo setsof Plugins:onesetfor itself, asextensionof a stand-alone
container, anotheroneof Pluginsthat will be uploadedto the clients.In addition,the Plu-
gin systemhasthepossibility to forceall clients,at run-time,to de-initializeandremove the
containedPluginsandto reloadanew setfrom theserver.

5 Conclusions

Thepaperpresentedanapproachandanarchitecturesupportingtherepresentationof aware-
nessinformationin cooperativeapplications.Theapproachis basedon thechoiceto make a
cleardistinctionbetweentherepresentationof thefocusandof thevariousdegreesof aware-
nessinformation.The architectureis basedon the choiceto supportflexibility andadapt-
ability of the representationaccordingto usersneeds.The presenteddemonstratorserved
asa test-bedfor the initial solutionsaswell asa meansto collect initial impressionsfrom
peoplewith differentinterests:potentialusersandinteractiondesigners.Irrespective of the
evident limits of thedemonstrator, ThreeDnesswasperceivedasanoriginal approachto the
problem.By the way, it served asa vehiclebringing the themesconcerningthe promotion
of awarenessinformationto professionalsinvolvedin single-userinterfacesdesign:they are
almostunawareof thecomplexity inherentto cooperativeapplications.They recognizedit as
a quitechallengingfield of researchwhereconsolidatedtechniquesareof little help.More-
over, they pointedto someapplicationareas(typically, remoteprocesscontrol)wheresimilar
ideascouldbeprofitablyapplied.Perhaps,an interestingoutcomewasthat they recognized
thatalsothedesignof single-userapplicationscouldprofit from our approach.

Thenew versionof ThreeDnessis basedon thearchitecturepresentedin Section4. The
flexibility it provides is currentlyat the infrastructurallevel asa fundamentalsteptoward
flexibility at theapplicationlevel, whereweaim at thehighestdegreeof customization.This
means,customizationis not only basedon tuning parametersbut moresubstantiallyon the
choiceof theappropriatemetaphorto representthebackgroundsceneaswell astheperson-
alizedawarenessinformation.Thechoiceto let therepresentationbeconstructedat theclient
side,underusercontrol, realizesthis approachwithout creatinginterpretationproblems.In
fact,thebasicinformationis thesameateachsite,theonly differencebeinghow it is filtered
and represented.When information goesfrom a site to another, it is representedhereac-
cordingto thelocal customization.Moreover, thevirtual spaceis usedfor sakeof awareness
promotionandnotnecessarilyasanarenawhereto performcooperativeactivities.

Finally, thedistinctionbetweenfocusandawarenessspaceseemsto openthepossibilityto
applytheproposedapproachin thecasein whichthefocusinterfaceis incorporatedin objects
distributedin thephysicalspace.In this case,theawarenessinformationrepresentedon the
’second’screencan help to reconstructan even more distributed spacewhoseperception
dependson boththelogical andphysicalpositionof thecurrentfocusof theobserver.
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