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Abstract Thepaperpresentanapproactandanarchitecturesupportingherepre-
sentatiorof awarenesiformationin cooperatie applicationsTheapproachs based
onthe choiceto make a cleardistinctionbetweerthe representatioof actorscurrent
focusandof the variousdegreesof awarenessnformation. The architectures influ-
encedby the basicchoiceto supportflexibility andadaptabilityof the representation
accordingto usersneedsThe paperillustratesthe approachtthrougha prototypethat
senesasademonstratoanddiscussetheimprovementghathave beenderivedfrom
this experience.

1 Motivationsand background

The recentevolution of cooperatre applicationsshavs a greatimprovementin their func-
tionality, interoperabilityandintegrationwith WEB technologiesUnfortunately the design
of theirinterfacesdoesnotshaw, in generalthesamedegreeof innovation.Most of theappli-
cationinterfacesarestill basedn aparadigmbasednwindows, buttons,etc.,whichis often
adoptedn WEB interfacestoo. Of course theseconsiderationganbe donefor single-user
applicationinterfacesbut the limits of the above paradigmare especiallyevidentin the case
of cooperatre applicationsat leastfor two reasonskFirst, the distributednatureof cooper
ationincreaseshe compleity of thetype of informationthathasto berepresentedn fact,
usersarenotonly involvedin severalactuities atthe sametime (like in single-userpplica-
tions) but they arealsopart of several cooperatre ervironmentsin orderto performthem.
This meanghatthe userinterfacehasto take into accounthe co-existenceof theseerviron-
mentsnot only from the point of view of their specializedunctionality and dataexchange
but alsofrom the point of view of the co-existenceof several groupsof userscooperating
within or acrosgheseenvironments.This bringsto the secondsourceof compleity, namely
therepresentatioof theinformationthatis fundamentafor aneffective articulationof those
cooperatre actwities. It is now recognizedhateffectivenesof cooperations obtainedby a
mix of coordinationsupportqlik e protocolsandcoordinatve artifacts)andawvarenes®f the
stateof the cooperatre work arrangemenandfield of work. Both coordinatve supportsand
awarenessnformationhave to berepresenteth theinterface.ln [1, 13] we stressedhatthis
representatiomasto be integratedasthe relatedsupportve technologieshouldbe. In [2]



we proposedconceptuatoolstowardsthis integration,with a specialemphasisn protocols.
However, thesetools are usefulto elaboratecoordinationand avarenessnformation only,
andleave completelyout any aspecf their representationlhe latter areinsteadthe focus
of thepresenpaper

Theinnovationof the cooperatre applicationinterfacess mainly basedn the shift from
desk-toplike metaphorgo metaphorglescribingaspectf the broaderspacein which co-
operationhappensTheseaspectxoncernthe presenc®f theinvolvedactors their location,
theiravailability, their currentactiities,andsoon. Hence|t is naturalto look attechnologies
ableto representhe spaceof cooperatiorandtake into accountheabore mentionedaspects.
For example,WEB-basednterfacescanbe bentto transformthe typical navigation into a
journgy in an emulatedthree-dimensionalorld. Typically, the discreteclicking on active
cues(likeiconsandbuttons)is replacedy the continuougdisplacementdf the mouseon the
screeno geta moredetailedvisualizationof somepartsof the spacepr the combinationof
animationsandimagesrepresenthe changeof perspectie during the journey. The obvious
alternatve is to use 3D technologiedo simulatethe spacetrough a virtual representation.
Sincemary yearsthereis alot of researchem thefield of VR (Virtual Reality) whosemain
goalis to reproduceasmuchaspossiblerealisticervironmentsthroughcomputergraphics.
With the recentphenomenorf Internettechnology mary approachesave beenattempted
to combinethe VR technologiesvith CSCW principlesbringing to what hasbeendefined
CVE (Collaboratve virtual ervironment).Themainideais to createa sharedvirtual world in
which several users representedhroughavatars,can meetandinteractwith eachothervia
multi-modalcommunicatiorj16].

This type of technologyhasbeenrecentlyapplied,with suggestre results,to interpret
artisticperformanceastheresultof a collaboratioramongrealandvirtual charactersmem-
bersof theaudienceandaproductioncrew [3]. In general CVE applicationsaarebasednsce-
narioscharacterizedy a tight collaborationamongthe involved actorsin the virtual world.
A crucialissuein this respecis the relationbetweerthis collaborationandthe concomitant
collaborationin the realworld. In otherwords,the generalquestionis: how canpeoplebe
simultaneouslymmersedn the two worlds?How canthe latter be coherentAnotherfield
of applicationof specialtypesof CVEsis collaboratve engineeringhere,for example,the
possibilityto reproducedetailedfeaturesof productsallows designerso performdistributed
simulationsn variousphase®f thedesignprocesswith the obviousadwantageo collabora-
tively anticipateandsolve emeging problems.

It notimmediatelyevidenthow the outcomesof the above experiencesanhighlight the
designof interfacesfor lessspecializedCSCW applications We believe that eachsituation
requiresad hoc considerationsandthatit is worthwhile to proceedin differentdirections
beforetrying any generalization.

The scenariowe aretaking into accountis characterizedy the presenceof distributed
autonomousctors,cooperatingn variouskinds of actwvities. Here, distributednessandau-
tonomyimply the articulationof local, autonomouschoicesto focus on different, concur
rently executableactuities. In this scenario,cooperatre actorsdo not primarily needfull
immersionin, nor exacerbatedealismof, the representationf the commonworking space.
As for the first aspecthe interfaceshouldgive cooperatie actorsthe possibility to distin-
guishtheir currentlyfocusedworking spacefrom the spacegeneratingawarenes®f therest
of the collaboratve ervironment.As for the secondaspectthe representatiomf the latter
hasto reproducethe relevantinformationin a way thatit is easyto graspandunderstand.
Hence,altogetherour approachs closerto the one proposedn Nessie[6] and Tower [7]
wherethe focusedworking spaces keptseparatedrom the awvarenesspace However, our



approachhassomedifferencesFirst, we do not aim, at this stage to 'facilitate encounters’
althoughthis featurecould bepartof our goalsin thefuture.Secondtheinterfacehasto give
cooperatre actorsa view of the awarenesspacefrom their individual perspectre. Finally,
the collaboratve ervironmentis representedn the basisof spatialmetaphorghat flexibly
combinefeaturesof the physicalsettingwith featurescharacterizinghe logical structureof
thecollaboratve ervironment.

Accordingly, we wantto usethe capabilitiesof the technologiesonstructingvirtual en-
vironmentgo createVirtually AugmentedCommonWorking Spacestevisiting theideasun-
derlyingthe approacttalled AugmentedReality, whoseaim is to populateandenricha real
world with computergeneratedyraphics.An additional,long-termgoal is to realizethose
spacesso that userscanspecifythemaccordingto their preferencesn full integrationwith
thetechnologythey useto supportcooperation.

The paperis organizedasfollows: the next sectionillustratesthe above goalsmorein
detail. Thenthe approachs exemplifiedin Section3 throughthe descriptionof animple-
menteddemonstratorSection4 illustrateshow the new architecturegoesin the directionof
the abovementionedyoals. The concludingsectionidentifiesthe next stepsof this research
effort.

2 Basicprinciplesand key concepts

The goalsmentionedn the previous sectionrequirea more preciseargumentatiorwhereto
groundthesolutionwe wantto presentTo this aim we have to betterspecifythescenariove
wantto consider Thenwe discusshe themeof the integrationof the new functionality with
the possiblypre-&iting technology

2.1 More aboutthe consideed CommonAbrking Space

We describedur maingoalasthe constructiorof a Virtually AugmentedCommonWorking
SpaceThis locutionrecallsthe notion of CommoninformationSpacesvidely discussedn
[4]. Thetwo notions,althoughsimilar in somerespectshav a differentemphasisthe latter
emphasizesmformationwhile the formeremphasizewsork. We believe thattheemphasi®n
informationis too narrav to captureall theaspectsve areinterestedn. In fact,thereference
metaphorand almostall the field studiesusedto illustrate the conceptreferto an enlaged
view of arepositoryof information.Insteadwe aim ata spacepopulatedoy actors actvities
andall kind of resourcesall considerecn the equalfoot. Hence,this spaceis dishomo-
geneousanddistributed.Moreover, its structureis dynamicsincethe above entitiescanbe
stronglyor looselyconnectedlependingn the evolution of the stateof the cooperatiorhap-
peningin the space For usthetermwork is moreadequateo representhe above richness.
The co-relatedcompleity makesthis spacesometimedifficult to be perceved by the co-
operatingactors.In fact, it is notidentifiedthrougha singleor well recognizablghysicalor
logical space.The distributedactiities make partsof the spaceopaquefor someobsenrer:
the pertinentinformationis not reachablendcannotbe usedfor coordinationpurposesBut
we know thattheawarenes®f whatis goingon, in a closeor peripheralway; is the gluethat
malkesthe spaceexist, take a meaningfor theinvolvedactorsandplay arole in cooperation.
In this scenaricthe useof a technologysupportingthe perceptionof the commonworking
spaceis especiallymotivatedsinceit provides coordinationcapabilitiesthat are otherwise
impossible5].
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Figurel: Representationf the focusedworking spaceandof the awareneséinformation.

Ontheotherhand,augmentinghe capabilityto perceve the abore compleity canover-
whelmthe actorsand make the relatedinformation practically uselessHence,it shouldbe
possiblefor eachuserto accessexactly whatis pertinentto her currentinterest.With the
conceptof focuswe denotesomeones attentionfor somespecificaspectf the space For
example,althoughpeopleare normally involvedin severaltasksat the sametime, however
nobodyis executingmorethanonetaskin ary givenmomentHence peopleswitch,moreor
lessfrequently from onetaskto anotherandin sodoingthey changethe point of view from
whichthey acquireawarenes$rom whatis goingonin thecommonworking spaceWe want
to usethenotionof focusfor two purposesfirst, to createaplacewhereactorscanconcentrate
ontheircurrentduty or interestandfind therelatedresourcessecondasthe perspectie (the
sourceof thegeometricabxes)from whichthebroadercooperatiorspaceas lookedat (repre-
sented)This choicehasin turn two implications.On the onehand,theinformationthe actor
is focusingon andthe awarenessnformationhave to be easilydistinguishableThe way in
whichwe wantto obtainthis resultis to usedifferentsupportstypically, two screenslevoted
to containtherepresentatioof thefocusedworking spaceandof the awareneseformation,
respectrely (Figurel).

Thesameideais adoptedn [6, 7] andits effectivenesshasbeendiscussedn [12] onthe
basisof afield investigationOntheotherhand,awarenessnformationhasto berepresented
by takinginto accoundifferentdegreesof ‘proximity’ with thecurrentfocus:fromveryclose
to fully peripheral.This helpsactorsto graspin animmediateway animportantfeatureof
awarenessformation.To this aimwe conceve the entitiespopulatingthe commonworking
spaceaslinkedby differenttypesof relationsfrom simplephysicalproximity up to purelog-
ical relations.Theserelationsdefinethe texture of the spaceandallow the definition of what
we call logical distancebetweenentities.By taking the perspectie of the observingactors
togethemwith their currentfocusandby combiningthe mutualdistancedetweenrentities(a
sort of transitve closureon the graphdefinedby the texture) we cancomputethe distance
betweerthe obsererandeachobsenedentity.

While physicaldistancecan be univocally obtainedby a simplification or abstraction
of the realwork setting,logical distanceis moredifficult to definesincethe relationscon-
structingthe texture of thelogical spaceare,in generalnotreadyat hand.This is wherethe
integrationof thetechnologysupportingcooperatiorwith the onepromotingawarenesglays
afundamentaftole. As illustratedin [13] theneededelationscanbederivedfrom thelogical
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Figure?2: Informationflow.

structureof the applicationssupportingcooperationpossiblyaugmentedby ad hocrelations
for sale of awarenessThe samepaperdiscussefiow this canbe doneby differenttypesof
actors(playing the role of applicationdesignersand/orend-usersjhroughthe functionality
provided by a software module,called AW-Manager. Obviously, this type of solutionis not
mandatorythelack of asimilarintegratedfunctionalityrequiresotherstrategjiesto determine
therelationsthatcanbe meaningfulfor sale of avarenesgpromotion.Theproposedpproach
hastheadwantageo capture,at the source’ theinformationrelatedto the cooperatre appli-
cationsconcerningarticulationwork aswell asthefield of work [14]. And moreimportantly
it allows for the dynamicalupdatingof this informationaccordingto changesaffecting the
applicationgn the courseof their execution.

2.2 Theinformationflow

For the above reasonsve considerthe scenariallustratedin Figure 2. Usersarethe source
andthe destinationof the awarenessnformation. They play as sourceby usingthe appli-
cationssupportingcoordinatedactuvities. The relatedfacts are passedo the componenin
chageto transformtheminto awarenessnformation.Thelatteris interpretedby the compo-
nentmanagingts representatioandfinally presente@ntheuserinterfacesTheinformation
flowing throughthe differentcomponentiasto be codifiedsothatthe next componentan
elaboratet. To this purposethe centralcomponentjn our casethe AN-Manager, playsa
pivotal role. Thefactsit is ableto interpretmainly concernithe creation/deletiorof entities
andof theinvolvedrelations(i.e., the evolution of the space) andthe changeof stateof the
entitiesandof their positionin thelogical spacgeventslik e anactorassumingarole or acti-
vatingataskor accessingresourceehangehe proximity of therelatedentities).Thesefacts
aretransformedoy the AW-Manager into awarenessnformationon the basisof the aware-
nessmodelit incorporatesThelatter(calledMoMA) belonggo the classof the Space-based
Awarenessnodeld[6, 7, 8, 9, 10, 11] andis basedn areaction-difusionmetaphorThe AW-
Manager elaborateghe incomingfactsin termsof modificationsof the awarenesglogical)
spaceor of the proxiesof the applicationentitiespopulatingthe spaceitself. In addition, it
generateshe relatedawarenessnformationon the basisof scriptsof primitivesthat define
theimplicationsof the above modifications For example,a scriptcanestablishthatwhenan



actoractivatesa specifictaska notificationhasto be generatedT he targetentitiesaredeter
minedon the basisof the texture of the spacetheir logical distancefrom the sourceentity,
the strengthof the messagéo be notified, the propagatiodaw associatedo the notification
(for example,the original strengthcandecreaseavith the distance) andfinally the threshold
of sensitvity of thecandidataeceving entities.Hence theawarenesinformationto berep-
resentecdoncernghechange®f statesandpositionof the entities,andthetypeandstrength
of the notificationreachingthe entitiesthatareproxy for anactor The’values’of the notifi-
cationto othertypesof entitiesare possiblyusedto defineandelaboratehe propagatiorof
awarenessnformationbut arenotinvolvedin ary representatioattheuserinterfaces.

Thelastcomponentthatwe call ThreeDnessis in chage of the graphicalrepresentation
of the awarenessnformationreceved from the AN-Manager. This components illustrated
in thefollowing sectiongor whatconcernsts functionalityandinternalarchitecture.

3 Thecurrent prototype

In orderto checkthe feasibility of the basicideasillustratedin the previous sectionwe de-
velopeda prototypeto be usedasa demonstratoit doesnot containall thefeaturedulfilling
our shortandlong term goals.However it senesasa test-bedfor the preliminaryversions
of the functionalandthe architecturakolutions.In the next sectionwe will discusstheim-
provementswe areworking on, alsoin relationto this experienceln orderto constructthe
demonstratowe have to identify areferencescenarioit hasto begenerakenougho describe
awide rangeof working environments andconcreteenoughto createa naturalmappingbe-
tweenlogical entitiesandgraphicalvisualization.Moreover, in orderto avoid, at this stage,
seriousintegrationproblemswith the AN-Manager (whoseimplementationis still underim-
provement)the demonstrators built asa stand-alone&omponenihich recevesawareness
informationfactsconcerningpotentialcooperatre applicationdrom aninterfacedevotedto
simulatethis interaction.

3.1 Thereferencescenario

The scenariaconsidersa work arrangemenin which actorscooperatrely accomplishtasks.
Tasksarestepsof adistributedprojectandrequireresourcesThis simplescenariaallows us

to take into accountbothfocus(on the cooperatiorarounda singletask)andvariousdegrees
of peripheal awarenessconcerningothertasksaswell asthe relatedactorsandresources.
Thescenarids describedn termsof entitiesandrelationsamongthemasfollows.

3.1.1 Thetexture of thelogical space

The referenceogical spaceis populatedby four typesof entities: Task asthe unit of the
cooperatre work; Role definingthe Actor's responsibilityfor Tasksandthe Resoucesused
in theaccomplishmendf Tasks.

Therearetwo typesof resourcesinformative resourcesandtools. Tools areall kind of
physicalresourcesascomputersprintersor desks.Informative resourcesre of a moreab-
stracttype,asaworking document.

Theabove entitiesarerelatedwith eachotherin the following way:

Actors <-> Roles An actorcanplay differentrolesandvice versa.

Actors <-> Resources An Actor canusemoreresourcesitthe sametime, but aresource
canbeusedat mostby oneactor
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Roles <-> Tasks A role is responsibldor a task.A task canhave just oneresponsible
role which canbe playedby severalactors.Hence therelationbetweenActors and Tasksis
mediatedhroughthe notionof Role.

Roles <-> Resources A role is responsibldor aresourceA resourcecanhave just one
responsibleole which canbe playedby severalactors.

Tasks <-> Resour ces Theresourcas necessaryjor theaccomplishmenof atask.A task
may needseveral resourcesand a resourcecan be usedin the accomplishmenof several
tasks.

Task <-> Task A projectis describedasa partial orderamongtasksto expresspriorities
andconstraintdn their accomplishmentThis relationis representethy an AND/OR graph.
Figure 3 shovs anexample.TO, T1, ..., T5 aretasks.RO, R1, ..., R5 arethe rolesassigned
to their accomplishmentTo develop the projectone canchooseto startwith taskT5 or to
follow the alternatve branch(OR). In this casetask TO hasto be finishedbeforetasksT1
andT2 canstart:thelattercanbedevelopedn parallel(AND). BeforetaskT4 is startedtask
T1andT3 haveto beconcludedThesameholdsbetweertaskT3 in relationto taskT2.

3.2 TheresultingVirtually AugmentedCommonAbrking Space

In this sectionwe describenow ThreeDnesyisualisegshe above scenarioFirst, weillustrate
the representatiorof the backgroundscene.Thenwe describehow is it personalizecand
augmentedor eachuser

3.2.1 Thevisualizationof the badkgroundscene

Figure4 showns a snapshoof the threedimensionakcenevisualizingthe backgroundscene.
Thevisualizationis basedon a simplificationof the physicalspace.

The leadingideais to seethe latter as composedf rooms,eachcontainingthe work
placesof theActorslivingin it. A work placeis composedf anavatar adesk,atableandan
archive. Theavatarrepresentthe Actor. Thedeskis its localworking spacethatis, theplace
the Actor focuseson while working on a specifictask. The tablerepresentshe placewhere
theActor pilessuspendethsks thatis, tasksin whichit is involvedbut not currentlyworking
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on. The archve representshe placewherean Actor locatesits informationresourcesthey
will be part of the personalizedvorking placediscussedn the next section.Tools canbe
locatedin commonspaceslik e corridors,or be partof a working place.Figure4 showvs an
exampleof both casesThe samefigure containsemptyrooms.They represent portion of
the spacethat doesnot play ary role in the considereccooperatiorarrangementHowever,
their presencémprovestherepresentatioof the physicalsettingandcanhelpuserso move
moreeasilyin it.

Thereis a one-to-onecorrespondencketweenThreeDnessisersandavatarsin the sce-
nario. Henceevery ThreeDnessaiserseesboth the representatiof himself and of all the
otherusers.The first time a useractvatesthe ThreeDnessapplication,a window pops-up
presentinghe backgroundcenepuilt of roomsandwork placesThelatterareusedasbasis
for additionalgraphicalrepresentatioof the awarenessnformationwe wantto promote At
this point, eachusercansetsomeparametershroughthe panel(shovn in Figure4 ) in order
to definewhich type of informationwill be addedto the backgroundThis selectioncanbe
changedat any moment,throughthe samepanel.From now on, eachuserinterfacewill be
different: partly becausef the above choice,partly becausehe backgroundwill be shovn
from thelogical andphysicalperspectie of eachuser asillustratedin the next sections.

3.2.2 Thefocusandits closerawarenessnformation

As discussedn Section2, we proposeto usetwo supporttypically, two screens)n order
to representhe currentfocusand the awarenessnformation aboutthe surroundingCom-
mon Working Spaceyespecitrely. In this view, the first screencontainsthe interfaceof the
applicationusedto performthe focusedtask. Possibly this interface containscuesrepre-
sentingawarenessnformation closely relatedto the applicationitself: for example,in the
caseof a co-authoringsystemtelepointersor cuesrepresentinghe currentstateof portion
of thetext, andthelike. The secondscreencontainsthe backgroundscenellustratedabove,
enrichedwith additionalinformation.In our referencescenarioa key informationconcerns
tasks:hencewe describehow tasksarerepresentedndtheresourceshey use(Figureb).
The Tasksan Actor is working on are represente@slittle colouredboxeson the desk
or on the table of that Actor. Boxesarelabelledwith the nameof the Taskthey represent.



Figure5: Therepresentatioof Tasks.

Both their positionandcolourcorvey ameaningBoxeson thetablerepresenfasksthatare
alreadydone(grey) or thatwill beactivatedin thefuture (blue),accordingo thepartialorder
relationdescribedn Section3.1. Their mutualpositionin the pile representshe temporal
order by which they have beenor will be executed.Boxes over the deskrepresentasks
thatarecurrentlyunderconsideratior(red). The particularTaskwhosespecializedvorking
environmentis the contentof thefirst screenjs still representeavith a box on the desk,but
with agreencolour.

Therepresentationf the Resourcesequiresa specificcomment.Recallthata Tool is a
physicalobjectwhile an Informative Resourcemay be not. Tools are representedby three
dimensionabbjects,possiblyabstractingrom details,thateveryonecanrecognizeassuch:
e.g.aprinter Informative Resourcearemoredifficult to representin fact,they canbeapiece
of paperor alittle book,or atext file in somecomputerBesidethe contentit couldbeuseful
to representhe mediausedto keepit. Hence,sucha representatioiis more subjectve that
in caseof Tools. In the constructionof the demonstratowe adopta simplified solutionand
representnformative Resourcessfoldersin the archive. Again, differentcoloursdescribe
their state(e.g.,in useor idle) anda label describests contents We will comebackto this
solutionin the concludingsection.The representatiotakes into accountthe two possible
relationsbetweenan Actor anda Resourcelf the Actor is responsibldor a Tool, the latter
is placedcloseto its working place.If theresponsibilityconcerngnformative Resourceghe
latter arelocatedin the lower part of the archive of the responsibléActor’s working place.
InformationResources useof someActor arelocatedin theupperpartof its archive, while
Toolsin usearelogically connectedo the Taskwherethey areused:this link is visualized
throughacontinuoudine if therelatedoptionhasbeenselectedn theabose mentionecanel.

The representatiomf the focusedspaceis coherentwith the choiceto incorporatethe
Actor (avatar)representinghe userin the backgroundscenetogethemwith the otherActors.
We believe that this double presencenaturally provides a continuity betweenthe contents
of the two screensMoreover, the abstractrepresentationf the informationconcerninghe
focus(the greentask)andthe users avatardefinethe point of view from which the spaceis
perceved,andthereforehelpthe userto keepthe senseof orientationin the moreperipheral



Figure6: The Sharedlasksrepresentatiois differentfor differentusers.

awarenesspacea sortof spottelling a"you arehere"information.

3.2.3 Repesentingperipheral awarenessnformation

All what (physicallyandlogically) surroundgshe focusedTaskscanbe sourceof avareness
information. However, the latter canbe of differentrelevancein relationto the (physically
andlogically) distancebetweernthe obsered entity andthe obsener. Hence,awarenessn-
formationhasto be represente@ccordingto differentdegreesof relevance.Herebelov we
discusgwo possibilitiesthatwe consideredn implementingthedemonstrator

An exampleof awarenessnformationthatis closeto the Actor andits focusedTaskcon-
cernsthe otherActorsinvolvedin it. Of course thisinformationcanbe partof theinterface
concerningthe focusbut the sameinformationin the representatioof the CommonWork-
ing Spacecan provide additionalinformation. Typically, this happensvhensomeActor is
not working on this Taskasthe obsener could expect. The representatiomf the Common
Working Spacecantell the obsener somethingaboutwhy thisis thecase.

Thegraphicalvisualizationof the Tasksallows the sceneto containseveralboxesrepre-
sentingthe sameTask, eachover a differentdesk(or table) becauseeachTask caninvolve
differentActors. To make this factevident, boxesrepresentinghe sameTaskareconnected
with alittle colouredtube.Figure6 shavs anexampleof thevisualizationof theinformation
aboutsharedTasks:they areconnectedy tubessuspendeth theair, crossingwalls andfur-
niture,to highlight the factthatthe two boxesat their endsstandproxy for exactly the same
Task.Thecolourandpositionof thetaskinstancesogethemith the currentfocusof eachvis-
ible Actor givetheadditionalinformationwe mentionedefore:aboutwhich TaskeachActor
currentlyconsidersof higherpriority (its focug andthe priority of the Taskssharedwith the
obsenrer (their mutualpositionin the piles of the working placeof eachvisible Actor). This
informationcannotbelongto or be generatedy the applicationexecutingthe focusedTask
of theobsenrer. Theabove visualizationcanbedonefor all Tasksin theworking spaceof the
obsenrer by pointingthemwith the mouse Theusercanchoosef thevisualizationhasto be
permanenbr transient(i.e., disappearingvith the displacemenof the mouse).Notice that,
sincethe drawing algorithmis stronglydependingon theidentity of the obserer, every user
interfaceshaws a differentvisualizationof the (potentially)sameawarenessnformation.

In theabove situation,the valueof the distancebetweerthe connectedrasksis one,that
is they areimmediatelyconnectedy the (derived) relation: being aninstanceof the same
Task.In themoregeneralkase the logical distancedefinesseveraldegreesof proximity. We
chooseto representistancein termsof the dimensionof the involved object. The fareris



Figure7: TheLogical Distancerepresentatiois modifying the sizeof theroomsin the scenario.

anobject,the smallerit is representedThis is coherentwith the physicalrepresentatiomf
the backgroundscene However, actingat the level of single objectwould be confusingfor
the obsenrer: in fact,eachroom cancontaindifferentobjectswith differentdimensionsWe
tried this solutionandrealizedimmediatelythatit wasunacceptableHence,we decidedto
apply the changeof sizeto the roomsof the scenarioFor every room a resizingalgorithm
performsan evaluationof the logical distancebetweenthe userof the applicationandthe
contentof theroom. The algorithmbasegheresizingon the logical distanceof the elements
containedn theroom. A room closeenoughis keptin its original size,while the (logically)
fareris a room, the moreit is shrunk.Hence,if the contentof a roomis logically closeto
the obsener, theroomis big enoughsothatits contentis clearly visible. On the contrary if
aroomis logically far, it is shrunkto make its contenthidden.Figure7 shavs the difference
betweenaninterfacewherethe logical distances visualizedandanotheronewhereit does
not. The pictureon theleft is the normalscenariothe oneon the right is shaving the same
scenariamodifiedby theresizingalgorithm. The visualizationis changingfrom anobsener
to anotherone.First, every usercanchoosethroughthe mentionedpanelwhetherto activate
thelogical distancaepresentationr not. Secondlythe computatiorof thelogical distanceof
theroomsis differentfor eachobsenerbecausd is dependenbn eachusercurrentfocus.So
thetopologyof the backgroundscenes the same put the sizeof theroomscanbe different.
Noticethatif ashrunkroomcontainsatasksharedwvith theobsenrer, the previously described
tubesentertheroomwithout ary additionalprecision.Again, by pointingtheroomit canbe
zoomedandthe moredetailedinformationwill appear

4 TheThreeDness architecture

We describenow theinternalarchitectureof ThreeDnessn the generalcontext describedn
Figure2. As for thetechnologiesisedfor its implementationthe codeis writtenin Java, the
network communicationgareRMI basedandthe 3D graphicsengineis basednthestandard
Java3Dextension.

In this sectionwe first describethe client/sener architectureof ThreeDnessThen,we
give adeepetook atthe Plugin systema generaburposesoftwarearchitecturghathasbeen
incorporatedn ThreeDness



ThreeDness d i ent

G aphi cal
User

Interface

User
Paranet er s

Setting
Plugin dient . .
3D AWInfo to 3D Directives 3
conversion al gorithns G aphic

Pl UgrA=
Net wor k stanti ati o
Connect or
Di nami cal | y
downl oad Plugin with
fprloungltnhse | O;SIA\X/C?’)I* OOf Plugin  Plugin Plugin Plugin
server 1 2 c N

P s 3Dr gfo ThreeDness Server
forthe

cl ifent

u d

Plugin Server
Conver si on
from

facts
o
Cont ai ns

t
3D- Avar eness AW Manager
informations
the |ist
of
connect ed
clients
Pl ugi ns
for the
dient

(Plugin 1..N

Plugin with
Avar eness

dients I nf or mation

Handl er

]

Figure8: Client/Sener Architectureof ThreeDness

4.1 TheServerandtheClientsin ThreeDness

ThreeDnesgs composeaf two distinctmodulesthesenerandtheclient,asshavnin Figure
8. Thebottompartshovsthe senersidearchitecturewnhile thetop partshovstheclientside.
The dottedline in betweenrepresentshe network communicationbetweenthe two sides.
Following the standardclient/serer paradigm thereis a single machinerunningthe sener
applicationwhile severalclientsestablisha network connectiorwith the sener.

Server side(bottom): Duringits executionthesenercommunicatewith the AN-Manager,
the applicationin chage of collectingfactsaboutusersactvities andtransformstheminto
Awarenesdnformation A deeperdiscussioraboutthe AN-Manager andits underlyingar
chitecturecanbefoundin [13].

The ThreeDnessener is mainly composedf threeparts: A PluginServer an Aware-
nessinformationto 3D-Awarenesdnformationcorversionmoduleanda Pluginsrepository
The corversionmodule containsa setof algorithmsto transformthe Awarenessinforma-
tion, comingfrom the AW-Manager, into a datastructuressuitableto dealwith its graphical
representationn fact, the AW-Manager is a sourceof datafully unavare of ary graphical
representationWe call the corvertedinformation 3D-Awarenesdnformation The Plugin-
Serverfunctionalitiesandthe Plugin systenmanaginghemwill bediscussedn Sectior4.2.
ThePluginServercontainsa Plugindedicatedo collect3D-Awarenesdnformationfrom the
cornversionmoduleandsendtherelatedupdateddatato all the connectedlients.

Finally, the Pluginsrepositorycontainsthe Pluginsdevotedto the representationf the



3D-Awarenessnformation they areloadedby the PluginServerandsentto the clientswhen
they connect.Moreover, whenthey are updatedfor somereasonthe PluginServermreloads
themandall the connectecatlientsareforcedto downloada copy of the new Plugins.

Client side(top): TheThreeDnesslientis composeaf threeparts:ThePluginContainer
the 3D graphicengineandthe graphicaluserinterface As before,the detailsof the Plugin-
Clientwill bediscussedn Section4.2.Whenthe ThreeDnesglient establishes connection
with the sener, the PluginClientdownloadsfrom the sener all the neededPlugins. They
constitutethe main partof the coderunningon the client. Oneof thesePlugins,named‘Lo-
cal copy of awarenessnformations”is dedicatedo managethe copy of the 3D-Awareness
Informationreceved from the sener. The latter is elaboratedy the other Pluginsthat are
responsiblgo converttheminto 3D Directivesfor the 3D GraphicEnginethatgenerateshe
graphicgfor the graphicaluserinterface.

As anticipatedin Section3.2.1, userscan setsomeparameterso customizetheir 3D
interface. Theseparametersffect the abose mentionedPlugins.Notice that customization
is local to every client, thatis, every client recevesthe same3D-Awarenesdnformationbut
visualizegt differentlydependingonthe userspreferences.

4.2 ThePluginsSystem

ThePlugin systems a peculiarcharacteristiof ThreeDnessFirst we give the basicmotiva-
tionsanddescribehow it fits into the ThreeDnessrchitectureThenwe give sometechnical
detail.

4.2.1 Pluginsusaein ThreeDness

Theideaof having remotelydownloadablePluginscameout from two needsthe customiza-
tion of the visual representatiomndthe efficient managemenof clientsupdatesSincethe
combinationof thesetwo needspamelycustomizatiorandefficiengy, is typical of mary ap-
plications,we developeda generalpurposePlugins systenthat can be usedirrespectve of
thetypeof functionality providedby themanagedPlugins.Of coursethereareready-at-hand
solutiong(like, e.g.,Javabeand17]) but generallythey show two problemsthey aretoocom-
plex to manageandmoreimportantlythey cannotbe usedasgeneralRMI objects.In order
to fulfill the needof customizationin our framework, it is necessaryo provide every client
with acopy of thealgorithmtranslating3D-Awarenessnformationinto 3D Directivedor the
3D GraphicEngine Thechoiceto let the sener computethe 3D scenaricandthendistribute
it to the clientshastwo disadwantagesalthoughsimpler, this architecturemakescustomiza-
tion moredifficult andover-chagesthe senerwith heary andcomplex 3D calculationsThe
needof customizationmpliesalsoa modulararchitecturghatfacilitatesthe modificationof
partialfunctionalitiesandtheir integrationin the overall application. All theabove consider
ationsmotivatethe choiceto organizeall the exchange®f codeanddatastructurebetween
thesenerandtheclientsin termsof Plugins.

In thisway, we obtainatthe sametime: modularity mobility andanefficientmanagement
of the3D computationsln factthe ThreeDnessenerdoesnotneedto dealwith 3D graphics
andto have ary 3D library installed.This bringsanotheradwantage With mostof the code
downloadeddynamicallyat boot time, the needof reinstallinga client on every machine,
whensomecodechangeoccurs,is significantlyreduced By the way, this makeseasierthe
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incrementaldevelopmentof ThreeDnesswhere changesare quite frequent.Moreover, all
clientsdo not needto sharethe same3D libraries.

Onemayamuethatacompleteuploadof all Pluginsmaybeheary from the point of view
of the network load. Currentlythe applicationhasbeendevelopedfor local areanetworks,
wheretransferspeeds fastenoughanddoesnotcreateary problem.Anyway, we believethat,
if band-withbecomes problemin somesituation,acachemechanisnmightbeimplemented
to reducethe datatransferby preventingthe client from the uploadofPluginsthat are not
changedn thesenerrepository

4.2.2 Componentandfeatues

The purposeof the Plugin systemis to give supportfor a flexible and easyexchangeof
Plugins.Figure9 shavsthethreemostsignificantclasse®f thesystemThePluginContainer
at thetop of Figure9 is a classproviding the basicfunctionalitiesthat arecommonto both
thePluginClientandthePluginServesubclassethottomof thefigure). Thesefunctionalities
handlethe collectionof Pluginsin orderto:

e Insertandremove Pluginsto andfrom the container This is the basicfeaturethatallows
thedesigneto decidewhich Pluginareavailablein ThreeDness

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

e RealizePluginsintercommunicationWith this mechanisnevery Plugin hasthe list of
all theotherPluginsinsertedn the containerandcaninteractwith them.

The two sub-classeslerived from this classadd networking functionalitiesto the Plugin-
Container Normally, wheninstantiateda PluginContaineris empty The PluginClientis a
specialcaseof a PluginContainerwith the additionalcapabilitiesto dynamicallydownload



Pluginsfrom the specifiedsener. The PluginServeris a specializedPluginContainerwith
the additionalcapabilityto uploadPluginsto a client requestinghem.Note thatthe Plugins
containedn the sener aredifferentfrom the Pluginsthatwill be sentto the client. In fact
the sener is containingtwo setsof Plugins:onesetfor itself, asextensionof a stand-alone
containey anotherone of Pluginsthat will be uploadedto the clients.In addition,the Plu-
gin systemhasthe possibility to force all clients,at run-time,to de-initializeandremove the
containedPluginsandto reloada new setfrom thesener.

5 Conclusions

Thepapermresentednapproachandanarchitecturesupportingthe representationf aware-
nessinformationin cooperatre applicationsThe approachs basedon the choiceto make a
cleardistinctionbetweertherepresentationf the focusandof thevariousdegreesof aware-
nessinformation. The architectureis basedon the choiceto supportflexibility and adapt-
ability of the representatiormccordingto usersneeds.The presenteddemonstratosened
asa test-bedfor theinitial solutionsaswell asa meansto collectinitial impressiondrom
peoplewith differentinterests;potentialusersandinteractiondesignersirrespectve of the
evidentlimits of the demonstratqrThreeDnessvasperceved asan original approacho the
problem.By the way, it sened asa vehicle bringing the themesconcerningthe promotion
of awarenessnformationto professionalsnvolvedin single-useinterfacesdesign:they are
almostunavareof thecompleity inherentto cooperatre applicationsThey recognizedt as
a quite challengindfield of researclwhereconsolidatedechniquesareof little help. More-
over, they pointedto someapplicationareaqtypically, remoteprocessontrol)wheresimilar
ideascould be profitably applied.Perhapsan interestingoutcomewasthat they recognized
thatalsothe designof single-useapplicationscould profit from our approach.

The new versionof ThreeDnesss basedon the architecturgpresentedn Sectiond. The
flexibility it providesis currently at the infrastructurallevel as a fundamentakteptoward
flexibility attheapplicationlevel, wherewe aim atthe highestdegreeof customizationThis
means customizationis not only basedon tuning parametersut more substantiallyon the
choiceof theappropriatametaphoto representhe backgroundsceneaswell asthe person-
alizedawarenesinformation.Thechoiceto let therepresentatiobe constructedttheclient
side,underusercontrol, realizesthis approachwithout creatinginterpretationproblems.In
fact,thebasicinformationis the sameat eachsite, theonly differencebeinghow it is filtered
and representedWhen information goesfrom a site to another it is representedhereac-
cordingto thelocal customizationMoreover, thevirtual spaces usedfor sale of avareness
promotionandnot necessarilyasanarenawhereto performcooperatre actities.

Finally, thedistinctionbetweerfocusandawarenesspaceseemso openthepossibilityto
applytheproposeapproachn thecasan whichthefocusinterfaceis incorporatedn objects
distributedin the physicalspaceln this case the avarenessnformationrepresentedn the
'second’screencan help to reconstructan even more distributed spacewhoseperception
depend®n boththelogical andphysicalpositionof the currentfocusof the obsenrer.
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