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Abstract. Context-awaresystemsthatrely onmobiledevicesfor userinteraction
mustaddressthe low bandwidthof bothcommunicationsandmoreimportantly
the userÕs limited attention,which will typically be split betweenseveral com-
petingtasks.Contentdelivery in suchsystemsmustbeadaptedcloselyto usersÕ
evolving situationsandshifting priorities,in a way thatcannotbeaccomplished
usingstaticÞltering determineda priori . We proposea moredynamiccontext-
drivenapproachto contentdelivery, thatintegratesinformationfrom awiderange
of sources.We demonstrateour approachon a systemfor adaptive messagepri-
oritisationandforwarding.

1 Intr oduction

Rich sourcesof context dataareanintegral partof building intelligentpervasive com-
putingapplications.Centralto pervasive computingis thenotion thatÒtechnologyre-
cedesinto thebackgroundof our livesÓ[1]. Theclassicalview of human-computerin-
teractionneedsto beextendedto includebotha cloudof interoperatingheterogeneous
electronicdevicesandtheability to interactwith oneor many whenandwherever de-
sired.Thisextendedview requiresthatdisparatedevicesareableto interoperateeasily.
This supportsenhancedinteractionswith the userwhich breakaway from traditional
distribution channels,reachingtheuserthroughwhichever device they currently have
available.As small mobile deviceswith built-in wirelesscapabilitiessuchasmobile
phonesandPDAs becomemorewidespread,they presentanidealopportunityto afford
ubiquitouscommunicationservicesto theuser.

Advancesin technologyin recentyearshave meantthat computingdeviceshave
becomecheaper, smaller, andmorepowerful. Mobile devicesincludingmobilephones
and PDAs are constantlyincreasingin utility throughthe addition of extra sensory
equipmentlike gyroscopes,accelerometersandGPSreceivers.In addition,communi-
cationdevicesarebeginningto beembeddedinto everydayobjectssuchastoys,refrig-
eratorsandcoffee cups[2,3]. Eachof theseadvancesexpandsboth the opportunities
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for the delivery of ubiquitouscommunicationservicesbut also increasesthe system
complexity in coordinatingthis cloudof devices.

With thetremendousincreasein availablecontextual data,a context-awaresystem
candeterminemany factsfrom theenvironmentthatcaninform its behaviour e.g.,who
is present,or what task they areperforming.An exampleof this is a smartmeeting
room that managessharedprojectors[4], or a smartroom for elderly peoplewhich
detectsincidentssuchasfalls andreactsto themquickly [5]. Thesedecisionscanonly
bemadeif thereareenoughdata,of sufÞcientÞdelity, to supportthem.Thereforethere
must be many sensorydevices,eachproviding differing inputs, that eachcontribute
to the knowledgeof the systemasa whole. Thesedeviceswill oftengo unnoticedby
the user, but they provide valuableinformationaboutthe userÕs surroundingsandthe
context of their activities.

We deÞneÒcontextÓasany aspectof theenvironmentof a systemunderstoodsym-
bolically Ðor, moreconcretely, asa measurablecomponentof a given situation.By
ÒsituationÓwe meana certaincompositionof varioussimpleandderivedcontexts that
givesrise to pervasive services.Thesecontexts may be simplemetricswhich canbe
investigatedwith instruments,suchasa timecontext (e.g.18:48GMT), a locationcon-
text (e.g.CoffeeArea)or a usercontext (e.g.Bruce),but alsorangeto morecomplex
computationssuchasa userÕs currentsocialcontext, meaningtheotherusersthat they
aresharingaspacewith.

A centralchallengefor pervasive computingis to integratecontextual information
in orderto bestrecogniseandservicethechangingsituation.Sinceindividual sources
of context areinherentlyerror-prone,this cannotbeaccomplishedby focusingon any
onesourcebut insteadrequiresa fusion-basedapproachthatcanintegrateall available
information,giving dueweightto theÞdelityof eachsource.

This paperdescribesanapproachto situationawarenessbeingprototypedin a sys-
temwecall Scatterbox,aÒmoving letterboxÓthatdeliversrelevantmessagesto auserÕs
mobile device basedon the context derived from sensorswithin a pervasive comput-
ing environment.Thegoalof this systemis to take multiple,heterogeneoussourcesof
contextual data,andextrapolatethesituationsthat they mapto. Thecharacteristicsof
thesesituationsdeÞnewhetheranappropriateactionshouldbetakenÑ andsowhether
acertainmessageshouldbedeliveredto auserÕsphoneor PDA, limiting distractionby
only sendingmessagesthataretimely andrelevant.In accordancewith thestudydone
by Oulasdvirtaetal. [6] on theÒdrasticallyshorttermÓlimited attentionspanof mobile
users,Scatterboxprovidesshort,concisemessagesrequiringminimal attention.

The systemwe proposemonitorsa userÕs e-mail inbox anddynamicallyforwards
messagesto him, dependingon his situation.This meansthathewill benotiÞedof the
receiptof only importante-mailsor messagesrelevant to his currenttaskwhenhe is
in a certainsituation,while all othermessageswill be storedasnormal in his e-mail
inbox. This providesa tangibledemonstratorof a real-timepervasive systemwhich is
constantlyadaptingto changesin theuserÕs situation.

The remainderof the paperis organisedas follows. Section2 describesrelated
researchin the areaof contextual messageforwarding. Section3 containsa formal
descriptionof our approachto the compositionof context into situationalawareness.
Section4 describesour context acquisitionandreasoningmethodsusinga contextual



framework,while Section5describeshow ourScatterboxsystemhasbeenimplemented
to work in a physical location.Section6 outlinesour proposedevaluationthatwill be
performedto test the efÞcacy of Scatterboxusing real messages,real usersand real
context. In theÞnalsection,weoffer someconclusionsandplansfor futurework.

2 RelatedWork

Standardmessagedelivery systemssuchasemailandSMSdo not take theuserÕs con-
text into account,and can make it difÞcult for a userto prioritise inputs,as well as
leadto irritation dueto unnecessarydisruption.Context-awarenesscanbe usedasan
effective augmentationof existingmessagedelivery systems.Filtering messagesusing
context canbe usedasa meansto decreasethe disruptionthat messagedelivery can
causeto a user. This approachto messagedelivery hasthe potential to becomethe
cutting-edgein messaging,self-organisation,andcontentÞltering.

Multiple approachesto context-awaremessagedelivery have previously beenex-
plored.TheStick-enotearchitecture[7] is oneof theearliestof these.Stick-enotescan
bemessagesor otherobjectswhichhavecontextsattachedto them.Thisarchitecturein-
corporatestheuserÕs physicalenvironmentinto servicedelivery; theprinciplecontexts
usedarelocationandtime.Thenotesmaybestoredon a userÕs PDA or a staticdevice
like a desktopPC.Themessageor objectgetsdeliveredto a useronly whenthey enter
thecontext thatis attachedto theobject.For example,usersmayberemindedthatthey
have to returnabookto somebodywhenthey areat theirbookshelfandin thepresence
of thepersonfrom whomthey borrowedthebook.

Nakanishietal. [8] proposedtheContext AwareMessagingServicethatusessched-
ule information,locationinformationandavailablemediato sendanincomingmessage
(or call) to usersusinganappropriateprotocolanddevice.This systemusescontext to
determinewhetherthemessageshouldbesentusinge-mail,SMS,andsoon,andwhat
device it shouldbesentto. Theauthorsperformedanevaluationof a two monthexper-
iment in Tokyo. Theresultssuggestthat theuseof context to determinewhatdevice a
messageshouldbesentto madetheretrieval of messagesmoreconvenient.It alsomade
usersfeel comfortableto know thatanotheruserwould not bedisturbedby a message
if thetiming wasinappropriate.

Context-awareadaptationhasalsobeenintroducedto applicationswith thegoalof
reducingauserÕsdistractions.Miller etal. [9] leveragetheAuraContextualInformation
Servicein orderto build distraction-freecontext-awareapplications. In their example,
urgentmessagesshouldbesentusingSMSor IM dependingon thesituation.

Ho etal. [10] alsoproposetheuseof context in orderto preventtheuserfrom being
interruptedby messages,calls,etc.at inappropriatetimes.They list 11 factorswhich
inßuencea personÕs interruptibility at a givenmomentandcompletea usertrial which
shows interestingresults.Peoplearelesslikely to bedisruptedwhenthey arebetween
activities (e.g.,betweenameetingandgoingto lunch).



3 Foundationsof Context-Awarenessand AdaptiveBehaviour

The notion of context is key to context-awarecomputing,anda universallyaccepted
deÞnitionhasbeendifÞcult to realise.Yau[11] deÞnescontext asÒany instantaneous,
detectableand relevant propertyof the environment,the systemor usersÓ,which is
similar to, but moregeneralthan,DeyÕs [12] deÞnitionthatcontext is Òany information
thatcanbeusedto characterizethesituationof anentity. An entity is aperson,place,or
objectthat is consideredrelevant to the interactionbetweena userandanapplication,
including the userandapplicationsthemselvesÓ.Henricksen[13] proposesto make a
distinctionbetweenthe conceptsof context andcontext modellingin orderto achieve
consensusandprecision:

Ð ÒThecontext of a taskis thesetof circumstancessurroundingit thatarepotentially
of relevanceto its completion.Ó

Ð ÒA context model identiÞesa concretesubsetof the context that is realistically
attainablefrom sensors,applicationsandusersandableto beexploited in theex-
ecutionof the task.Thecontext modelthat is employedby a givencontext-aware
applicationis usually explicitly speciÞedby the applicationdeveloper, but may
evolveover time.Ó

We aim to take a stepfurther andformalisethe notion of context basedon the above
deÞnitions.The motivation for sucha formalismis the needto derive an appropriate
meansto model context. From YauÕs mentionof the propertiesof the environment;
DeyÕs mention of informationaboutan entity; andHenricksenÕs mentionof the more
generaltermÒcircumstancesÓ,we proposeto capturethestructureof context in a tuple
containinga subject,predicateandobject.We canthenview a predicateasa meansto
relateproperties,information,or circumstancesto anentity. Thus,we canexpressany
detectableor realisticallyattainablefactsrelevantto thecompletionof a task.

DeÞnition1. A context is a tuplecontaininga subject,predicateandobject(s,p,o)that
statesa factaboutthesubject,where

1. Thesubjectis anentityin theenvironment.
2. Theobjectis a valueor anotherentity.
3. Thepredicateis a relationshipbetweenthesubjectandobjectthat deÞnesthedo-

mainof theobject.

A context maybe either a constantor a variable. A constantcontext musttake on a
singlevaluefroma domain.A variablecontext maytake on valuesfroma domain.The
valueof a variablecontext maychangeover time, while thedomainstaysthesame.

An environmentof a context-awaresystemcanbe viewed asa Þnitenumberof con-
stantandvariablecontexts. Thevaluesthata variablecontext mayattaincomefrom a
well understooddomainof variabletypesincluding nominalor categoricale.g.,times
of year{Summer, August,.. .}, ordinal, quantitative, interval e.g., temperaturerange
{-32, +32}, and ratios.The domainof an object capturesthe ÒtypeÓof information,
propertyor circumstancethat we may legally relateto the subjectusinga particular
predicate.



Context is very Þne-grainedfor usein developingcomplex adaptive applications,
asit is typically a low-level interpretationof raw sensordata.WhendeÞningadaptive
behaviour, we considera holistic view, usingsituations,ratherthanthecombinationof
individual bits of context data.A situationis a natural abstractionof context data,pro-
viding morerealisticpointsto associateadaptivebehaviour with. For example,imagine
thatauser, Bruce,in a lecturetheatre,hasaslidesetopenandthereare35otherpeople
in theroom.Bruceis at thefront of theroomandis talking.This presentsa lot of con-
textual datafor us to comprehendin parts,but a context-awaresystemshouldbeable
to condenseit andinfer that thecurrentsituationis a ÒpresentationÓ.Often individual
componentcontexts maychangebut thesituationwill bemaintained.Othersituations
will be labeledÒmeetingÓ,ÒlunchÓ,etc.This view of contexts andsituationsprovesto
bequiteversatile.

In orderto deÞnesituation,weÞrstlydeÞnesituationspace. Giventhateachpredi-
caterestrictsanobjectto aparticulardomain,wecandeÞnethesetof variablecontexts
A with commonsubjectsa andpredicatepa asA : 〈sa, pa, oi 〉 for all oi ∈ Di , where
Di is thedomainof oi . Giventwo or moresetsof contexts,wecandeÞnetheirsituation
spaceastheCartesianproductof thesetsasfollows.

DeÞnition2. Giventhesetsof contextsA : 〈sa, pa, o1〉, B : 〈sb, pb, o2〉 . . .Z : 〈sz ,
pz , on 〉 for all oi ∈ Di , where Di is the domainof oi , we can deÞnethe situation
spaceAB . . . Z as the set{(a1, b1 . . . , z1), (a1, b1 . . . , z2) . . . (am , bn . . . , zp)} where
a1 . . . am ∈ A, b1 . . . bn ∈ B . . . , andz1 . . . zp ∈ Z .

A situationspacethuscapturesall possiblecombinationsof two or morecontexts.We
canthusdeÞneaconcretesituationasasubsetof asituationspace.

DeÞnition3. A situationis a subsetof a situationspace.

Givena situationspaceAB deÞnedover thevariablecontext setsA andB , wecande-
ÞnethesituationAB 1 as{(a1, b1), (a3, b2)}. Situationsthemselvesmaybeusedin the
constructionof morecomplex situations.For completeness,a basebehaviour should
beprovidedin orderto cover all possible circumstances.For a moreconcreteexample,
imaginewehavethecontext setsover thedomainsM onths andW eather. Wecande-
Þnethesituationspacefor W eather×M onth anddeÞnesituationslikeSummer Sun
or SpringW ind .

Adaptive behaviour is achievedby creatingpointsin thesystemcalledadaptation
points. Whenoneof theseis reached,the systemexhibits a correspondingbehaviour.
An adaptationpointcouldbeassimpleasacontext variabletakingonacertainvalueor
ascomplex asanelaboratesituationcomposition.In general,we areselectingstatesof
thesystemwheresomethingusefulshouldhappen.We maywish to seta userÕs phone
proÞleto silentwhensheis in a meeting,for example,or setherInstantMessage(IM)
statusto awaywhensheis outon lunch.

4 Context Acquisition and Modelling

A context-awaresystemcollectsrelevant context datafrom the environmentandthen
actsappropriatelybasedon this information.Our context-awareapplicationsarebuilt



ontopof Construct[14], adistributedfully decentralisedopen-sourceplatformsupport-
ing thebuilding of context-aware,adaptive,pervasive andautonomoussystems1. Such
systemsinteractthroughmanipulationof acommondatamodelratherthanthroughthe
piecing togetherof services.Construct providesapplicationswith a uniform view of
context informationregardlessof how it wasderived.Constructtakescareof collating
anddistributingcontext dataaroundanetwork. Applicationscanthenquerythenearest
Constructnodefor datathattheir servicerelieson.

4.1 Sensors

Sensorsareusedto gathercontext datafrom theenvironment.Wehavecategorisedour
sensorsinto two types:physicalandvirtual. Physicalsensorsdirectly detectcharacter-
istics of the environmente.g.,sensorsfor locationdataobtainedfrom Ubisense2 and
Bluetoothspotters.Virtual sensorsobtaininformationfrom theInternet,local network
or local computer, e.g.,sensorsfor obtaining calendarinformation,monitoringcom-
puteractivity andcollatingsyndicateddatafeeds.

In this projectweutilise thefollowing physicalandvirtual sensors:

Ð UbisenseLocation Sensorspoll a Ubisenselocation trackingsystemwhich has
beensetup throughoutour researchlab andtracksspecialtagsthatuserscancarry
aroundwith them.Thesensorcalculatesthex, y, andz coordinatesof anindividual
with apeakgranularityof 30cmin 3D space.

Ð Bluetooth Location Sensorspoll for auserÕsdesignatedBluetooth-enableddevice.
A numberof staticallypositionedÒbasestationsÓhave beenpositionedthroughout
thelab. Dueto BluetoothÕslimitedrange,thesetof staticdeviceswithin thesystem
whichcanconnectto amobileBluetoothdeviceallow usto infer arangeof possible
positionsfor thedevice.

Ð Calendar Sensorsmonitor a list of publishediCal and vCal calendarsfor data
abouta userÕs appointmentsandlocation(e.g.roomnumber)andavailability for a
periodof time (e.g.duringthenext week).

Ð Computer Activity Sensorsdeterminewhetheranindividual is locatedat a com-
puterby checkingif they arelogged-inandactiveat thatterminal.

Datafrom eachof thesesensorsis fed into aconnectedConstructnode,from where
it is disseminatedto other nodesin the system.The Constructmiddleware is being
complementedby the developmentof an uncertaintyframework [15]. This performs
aggregation of context and dealswith inconsistenciesthat may arisewhen the same
type of datais producedfrom differentsensors(e.g., locationsensorsproviding data
thatsaysapersonis in two placesatonce).

4.2 Modelling Context, Situationsand Behaviour

In orderfor theheterogeneousnodesrunningConstructto beableto interpretandcom-
municateaboutcontext andsituations,weneedameansto modelthem.

1 TheConstructhomepageis locatedathttp://construct-infrastructure.org/
2 LearnmoreaboutUbisenseathttp://www.ubisense.net/



We model context and situationsas ontologiesin the Web Ontology Language
(OWL)3. Our reasonfor choosingOWL is that it Þtsour mathematicaldescriptionof
context andsituationsfromSection3mostappropriately. Entitiesandcontext categories
aremodelledasOWL classes.Theirattributescorrespondto context variablesandcon-
stantsfrom the previous section.For example,the Personclasshasconstantssuchas
nameande-mailandvariablessuchaslocation.In orderto createaperson,aninstance
(or individual in OWL terminology)is madeof this classandvaluesareassignedto its
attributes.Variablecontexts maybechangedfrequentlyandtimestampedby sensors.

WecreatesituationspacesasOWL classesin asimilarway. Theirattributesarethe
context variablesor constantswhich thespaceencapsulates.In orderto createconcrete
situations,wecreateinstancesof thesituationspacesby assigningvaluesor intervalsto
thecontexts.This is similar to composingcontext variablesandcreatingasubsetof the
resultingsituationspaceasdescribedin theprevioussection.

Adaptationpointscanbe viewed asaugmentedvirtual sensorswhich consistof a
context or situationandacorrespondingbehaviour. Thevirtual sensorsasynchronously
poll Constructto monitorwhethertheirsituationshavebeenrealised.They thenexecute
their behavioursandpossiblyintroducemorecontextual informationinto thenetwork.
Theprescribedbehavioursmayrequirecontext informationto functione.g.,if wewish
to routea messageto a user, we mustÞrstchoosea device,usinglocationinformation,
to sendit to. As mentionedin Section3, for completenessadaptationpointsshouldbe
speciÞedfor all subsetsof a situationspace.Onemeansto approachthis requirement
is to introducea default behaviour on a subsetof a situationspaceandspecialisethe
behaviour for other, moresigniÞcantsubsets.

The expressivenessof our mathematicalmodel for situationsleadsto someprob-
lemsregardingconßict,however. By allowing situationsto becomposedof othersitua-
tions,andadaptationpointsto bedeÞnedonelementsasÞne-grainedasindividualcon-
texts, we mustdecidewhatbehaviour thesystemshouldexhibit in occurrenceswhere
situationdeÞnitionsoverlap.Somepossibleapproachesto thisproblemaregivenin Ye
etal. [16].

5 Scatterbox

In orderto demonstrateour approachto situation determinationanduseof context in
pervasive systems,we aredevelopingScatterbox,a context-awaremessageforwarding
platform.Scatterboxforwardscertainincominge-mailsto usersin apervasiveenviron-
mentbasedon their context. The userÕs context is found by trackinghis locationand
monitoringhisdaily schedule.Thiscontext datais accessedthroughConstruct,andsit-
uationsareidentiÞedbasedon thisdata.As messagesarrive,Scatterboxforwardsthem
to subscribedusersshouldtheir situationwarrantit.

We now describein detailhow Scatterboxis implemented.We illustratethesitua-
tionsandbehavioursthat theapplicationuses,describeour modeof messagedelivery,
andshow theuseof theapplicationwith anexamplecasestudy.

3 TheOWL speciÞcationis locatedathttp://www.w3.org/TR/owl-features/



5.1 Situationsand Behaviour

Thesituationspacesthatweusefor ScatterboxareEmailRelevance, Meeting, andPres-
enceAtInbox. EmailRelevanceis dependenton factorssuch asthesituationof theuser,
thesenderof thee-mail,thee-mailcontentandtheuserÕscalendarinformation.In order
for Scatterboxto know whena situationhasoccurred,it mustpoll Constructregularly
for newly acquiredcontext, andmatchthenew context to thesituationspaces.

For theScatterboxapplication,we needonly deÞneoneadaptationpoint, relevan-
tEmail, which reactsby sendinga summarymessageto the userÕs Bluetoothdevice.
This behaviour canbe deÞnedassendMessage(user, msg). This commandcanbe en-
teredinto Construct,distributed,andpicked up by a nodewithin rangeof the userÕs
Bluetoothdevice. An applicationrunningon the Constructnodethensendsthe mes-
sageto thedevice.

5.2 MessageDelivery

Bluetoothwirelesstechnologyis built into most devices that we carry aroundevery
day, like mobilephones,PDAs andotherportabledevices,which meansScatterboxis
transparent,reliable,andscalable.

Transmissionof messagesis accomplishedthroughBluetoothÕs Pushprotocol.The
Bluetoothcapabilitiesof mostmobile phonesandsimilarly-powereddevicesaretyp-
ically limited to a transmissionrangeof approximately10 metres.Eachdevice can
be uniquelyidentiÞedwithin the system.If a userÕs Bluetoothdevice is in rangeof a
Bluetooth-enabledConstructnode,a messagecanberoutedto thenodeandpushedto
the mobile device. The messagecanthenbe acceptedor rejectedby the user. In Sec-
tion 6 weshow how wewill usethisacceptanceor rejectionto driveourevaluations.

5.3 Usecase

Considerthecaseof Bruce,auserwhohasameetingscheduledafterlunchwith oneof
hisstudents.Themeetingis to takeplacein hisofÞce,andBruceis currentlyupstairsin
thecoffeeareahaving lunchwith oneof hiscolleagues.ThesystemÕscontextual inputs
at this pointare:

Ð Thecurrenttime of day.
Ð Scheduleinformationfrom BruceÕs calendarapplication(which includesboth the

time it takesplaceandtheroomit takesplacein).
Ð BruceÕs currentpositionin thebuilding.

Many calendaringapplicationswill offer the ability to e-mail the usera reminder
of an appointmentsuchasthis meetingbeforethe meetingis to take place.However,
in this casean e-mail reminderwill be of no use,asBruceis not nearhis computer.
Scatterboxroutesmessagesthatwould normallyarrive in a userÕs e-mail inbox to their
mobile device, if they are away from their computerand the messageis deemedto
becontextually relevantby thesystem.In thecaseof calendarappointments,it is not a
requirementthatane-mailwith anappointmentreminderis received;theuserÕscalendar
is sufÞcient,ascontextualdatacanbeextractedfrom it directly.



Shortlybeforea meetingis scheduledto occur, thesystemwill queryBruceÕs loca-
tion. Whenit noticeshe is not in theprescribedlocation,a messagewill bepushedto
his phoneto remindhim of themeeting.

Variantsof this situationthatwouldnot leadto amessagebeingsentwouldbe:

Ð hadBrucebeenin his ofÞceat thetime themeetingwasto start.
Ð hadthestudentthatBrucewasto meetalsobeenup in thecoffeeareaat the time

themeetingwasto start.In this casea messagewill not besent,asBruceÕs social
context overridesthelocationinformation.

5.4 Situations in Scatterbox

To demonstrate how contextual informationcanbecollectedaboutBruce,we will use
thesensorsmentionedin Section4.1.Eachsensoris modelledusinganontology, which
describeshow thatsensorÕsdatashouldbeinterpreted.Thisgivesuniformity to thedata
within the system,so in the event of a query like: ÒWhatroom is Bruce in?Ó,it is a
simple matterof making a single query basedon the location ontology, rather than
multiple queriesfor eachseparatetypeof sensordata.

Scatterboxcontinuouslyseekscontext datausingqueriessuchasthefollowing:

Ð Selectlastlocationof Bruce.
Ð Selectupcomingentriesfrom BruceÕs calendar.
Ð Selectsensorreadingsfrom BruceÕs computeractivity sensor.

BruceÕs situationcanbedeterminedfrom theresponsesto thesequeries.For exam-
ple,aConstructnodecouldreturn:

Ð ÒBoardroom,3.02pmÓ
Ð ÒMeetingwith headof school,Boardroom,3.00pmÓ
Ð ÒInactiveÓ

Fromtheseresults,it is inferredthatBruceis in a meetingandnot in his ofÞce.He
thereforeshouldonly besenta messageif it is classiÞedasbeingimportant,relative to
his situation.

Every situationis deÞnedby the following criteria: the valuescontext datamust
hold for thesituationto be realised,andthe resultantbehaviour. We allow theuserto
deÞnetheir own messageÞlters,which take theform of standarde-mailÞlters,suchas
Þlteringby sender, recipient,or keywords.For messageclassiÞcation,Scatterboxtakes
an approachbasedon commonspamÞltering techniques,suchaswhite-lists,black-
lists, andsimplekeyword classiÞcation.TheseÞltersareenteredinto Constructin the
form of RDF. From that point on, they are viewed by Constructas being additional
context data.

Thedatagoing into Constructis checkedagainsta set of ontologies.This pieceof
datacanthenbeassociatedwith somethingin theenvironment.In thecaseof a Blue-
toothreading,thedatumis seento beanattributeof aBluetoothdevice. ThisBluetooth
device ontologyis associatedwith thePersonontologywith thehasCellPhone rela-
tion. Theserelationsallow Scatterboxto seewhethera personis in the environment,



Fig. 1. An exampleof how ontologiesaretraversed.

wherethey are,andconsequentlydeterminetheir situation.This traversalof ontologies
is illustratedin Figure1.

Following on from the exampleabove, Bruce must deÞnehow Scatterboxis to
decidewhich messagesareappropriatefor eachsituation.This involvesnaminga sit-
uationandstatingwho hewould acceptmessagesfrom in thatsituation.An emptylist
impliesno messagesshouldbedelivered.Secondly, hehastheoptionof deÞninga set
of keywordswhichhaveto appearin incomingmessagesfor themto bedeemedimpor-
tant enoughfor delivery. Finally, BrucedeÞneswhich criteria indicatea situation.He
doesthisby creatinginstancesof situationspacesin anontologyeditor, for example,as
describedin Section5.1.

Fromthispointon,Scatterboxscansincominge-mailsand,usingkeywordclassiÞ-
cation,assignse-mailsto particularsituations.It is assumedthat theuserwill already
have adequatespamprotectionpreventingunwantedmessagesfrom reachingtheir e-
mail inbox.

6 Evaluation

In orderto evaluateScatterboxÕseffectivenessin usingcontext to determinewhichmes-
sagesto forward,andtheaccuracy andusefulnessof thesemessages,wehavedesigned
a usertest. This is a morecomplex problemthanstandardspamÞlteringaswe assume
thatcontext determinesthelevel of tolerancea userhasat any time for readinga mes-
sage.We believe that given the situation,the willingnessof a userto reada message
changesin a predictablemanner[10]. Thereforeanevaluationof this systemmustac-
countfor thecontext thatwasusedto supportthedecisionto passtheuseramessage.

We will performthe evaluationwith a numberof real usersandtheir real e-mail.
Thetransactionstake thefollowing form: messagesaresentto theuservia BluetoothÕs
Pushprotocol.The userÕs phonethengivesthemthe option of acceptingthe message
or rejectingit. This userfeedbackis loggedby theScatterboxapplicationrunningon a
Constructnode.Thefeedbackis thenusedto determinetheappropriatenessof Scatter-
boxÕs decisionto sendthemessageto theuser.

Ourevaluationwill estimatetheutility of context-awaremessageÞlteringby quan-
tifying both thenumberof unwantedmessagesthataresentto a user(falsepositives),
andthe numberof importantmessagesthat arenot sentto the user(falsenegatives).
Feedbackelicitedfrom rejectionof unwantedmessagesindicatesfalsepositives,but an
alternative approachis neededto accountfor falsenegatives(messageswhich should
have beensentbut werenot). For the purposesof evaluationwe capturethis form of



feedbackby occasionallysendingmessagesto theuserthatScatterboxdoesnotbelieve
the userwill want to see.Our evaluationwill count rejectionsof thesemessagesas
true negatives(andthusappropriatebehaviour) andacceptancesof thesemessagesas
falsenegatives(i.e., inappropriate).We believe that it is moreimportantfor Scatterbox
to avoid falsepositivesthanfalsenegativesÑ sincethe userwill alwayschecktheir
inbox eventuallyÑ andthatour evaluationwill bearthis out. (Interestinglythis is the
oppositeof whatonewouldexpectfrom theperspectiveof spamÞltering.)

Furtherto performinga live evaluation,we proposeto amassa datasetof realcon-
text andbehavioursover thecourseof this usertestandusethis to performa number
of ofßineevaluations.By gatheringall relevant context featureswith ScatterboxÕs de-
cision to sendmessagesandtheuserÕs feedback,we will beableto investigatewhich
featuresweremostimportantin predictingcorrectbehaviour usingsimplefeaturese-
lection [17]. By examininghow changesin context affect situationandbehaviour, we
will beableto examinetheability of Scatterboxto consistentlyandsmoothlyrespond
to its environment.

7 Conclusionsand Futur eWork

We developeda system,Scatterbox,that determinesa userÕs situationby composing
numeroussourcesof contextual data.This systemcanthenintelligently forwarduseful
messagesto a userÕs mobile device basedon their currentsituation.Thesemessages
comprisebothimportante-mailsthattheuserhasreceivedwhile they wereaway from
their computer, andalsocontextual notiÞcationsof importantevents,suchasmeeting
remindersderived from the userÕs calendar. The systemnoticeschangesin a userÕs
situation,andreactsaccordingly.

Scatterboxwascreatedusinga context infrastructure(Construct), which hasbeen
usedfor context reasoningin many otherapplicationareas,suchasin locationaware-
nessfor healthcare[18], smarthomes[19], andrecommendersystems[20].

Wehavealsodesignedanevaluationof thissystem,whichusestherateof rejection
of messagesto determinewhetherthesystemclassiÞedthesituationcorrectlyandif it
actedappropriately.

Thenext stepin ScatterboxÕsdevelopmentis theadditionof MachineLearningtech-
niquesto correctits distribution algorithmsin a similar way to that doneby intelligent
spamÞlteringtechniques.Researchis alsoongoingregardingtheuseof truth mainte-
nanceto reducethe needfor continually resolvingrecurringinconsistencieswithin a
datastore.
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