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ABSTRACT

The emegenceof networked contet-aware mobile comput-
ing appliancesotentially offers opportunitiesfor remoteac-
cesgo hugeonlineinformationresourceslnformationaccessn
contet-aware informationappliancesanutilize existing tech-
niguesdevelopedfor effective informationretrieval and infor-
mationfiltering; however, practicalphysicalandoperationafea-
turesof thesedevicesandtheavailability of context information
itself suggesthatthe documenselectionprocesshouldmale
useof this contetual data.

1 INTRODUCTION

Thereis currentlyincreasingnterestin the developmentof mo-
bile computingapplications. Until recentlythe role of mobile
devices was generallyconfinedto the provision of a rangeof
applicationsfor userswhile they were away from their normal
office ervironment. For example,PDAs (Personal Digital As-
sistants)typically provide adiary, addres$ookandbasicword
processingHowever, theestablishmenf theWrelessApplica-
tion Protocol (WAP) [4] meanghatPDAs andotherdevicescan
easilybe connectedo the Internet. WAP is currentlyappearing
on mobile phones put looks setto be addedto arny numberof
informationappliancesn the nearfuture. The mobile delivery
of online materialhasmary potentialbenefitsin enablingusers
to haveimmediatetimely accesgo informationto assisthemin
their currentsituation.

An importantfeatureof mary networked mobileinformation
appliancesin generaljs thatthey have somesensef theircon-
text, e.g. their currentlocation, the currenttime, their current

operatoy their directionof travel, or the ambienttemperature.

Contet-awarenessan potentially combinea large numberof
contet parametershut in this discussiorwe generallyrestrict

1In this discussioran information applianceis taken to be
ary independentomputingdevice. This maybe a generapur
posePDA or aspecialisedlevice suchasa digital camera.
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ourselesto the simplercaseof a singlecontet variable. Uti-
lizing contet informationin theprovision of onlineinformation
in theseervironmentgyivesriseto theconcepbf context-awae
informationaccesgCAIA).

In this paperwe exploretherelationshipbetweerestablished
information retrieval (IR) and information filtering (IF) tech-
niguesandCAIA, highlightingthenovel featuref thisretrieval
ernvironment,and describeour currentwork which is aimedat
beginningto addresgheseissues.We suggesthatthe charac-
teristicsof context-awale appliance{ CAAs)mearnthateffective
CAIA shouldlook beyond standardR or IF techniquesand
explore methodsby which the featuresassociatedwvith being
contet-awale canbeincorporatednto retrieval models.

2 BACKGROUND TO THE DEVELOPMENT OF
CONTEXT-AWARE INFORMATION ACCESS

In this sectionwe review the backgroundo CAIA by outlining
pertinentexisting work, give definitionsfor IR andIF asused
in this discussionand outline relevant detailsof the physical
characteristicandoperationaervironmentsof CAAs.

2.1 ExistingResearchin CAIA

Existingresearclin CAIA hasbeenrestrictedto smallscalepi-
lot studiesge.g.[2]. In theseapplicationsnatchingbetweeruser
interestsandavailable documentdasbeenrestrictedto simple
Booleanmatchingof fields. Thesemethodshave suficed for
smallhomogeneoudatasets;however, we believe thatthereal-
isationof CAIA in largescaleheterogeneowsvironmentssuch
asthosepotentiallyavailablein WAP applicationswill require
moresophisticatedetrieval stratgjies.

2.2 Information Retrieval and Information Filtering

Before exploring CAIA we first outline the key featuresof IR
andIF asusedin this discussion.R is generallyviewed asthe
interactve retrieval, in responséo a usersearchrequestof po-
tentially relevant documentdrom largely staticdocumentcol-
lections. The outputof an IR systemis usuallya ranked list of
documentsvith brief summariesndicatingthe contentof each
documentBy contrast)F is basedn the useof profiles(long-
term requests)ndicating long standingtopics of userinterest
to selectfor delivery to the userfrom amonga streamof new
documentsUsersarethuspresentedvith individualdocuments
which the IF system“believes” may be of interest. A detailed
comparisorof IR andIF is containedn [1].



2.3 Context-AwareAppliances (CAAS)

A key featureof CAAs is that their context will changeover
time. Thischangen context canexhibit variousfeaturesfor ex-
ampleit maybefrequentor infrequentrapidor slow, smoothor
erratic,andpredictableor unpredictableln addition,the porta-
bility of CAAs hassignificantimplicationsfor interactionin the
informationaccesgprocess.For example,the display of WAP
enablednobilephoneds amicrobrowserenablinguserso view
around6 shortlines of text and simple graphics. This small
browsermeanshat,by comparisorwith standardlesktopcom-
puterbasedR systemsit is difficult for userdo brovseamonga
longlist of retrieveddocumentsindpotentiallyfrustratingto ex-
aminemorethanafew documentgor relevantinformation.The
quality of this displayis likely to increaseapidly over the next
few years,includingtheintroductionof colour muchimproved
definition, andfull-motion video; however it will inevitably al-
waysbevery small.

2.4 Issuesfor CAIA

The physicallimitations of mary CAAs suggesthat CAIA ap-
plicationsshouldaim for high precisionin orderto reducethe
needfor browsing. Fortunately for interactve IR tasksin mo-
bile CAAs high precisionwill probablyoften be the mainre-
quirement.Theuseris likely to be seekingnformationrelevant
to their currentcontet, e.g. suitabledirectionsto a destina-
tion, and satisfyingthis immediateinformation needis proba-
bly more importantthan providing the userwith all available
relevant information. While the usermay often, in principle,
be hapyy to acceptary resultingreductionin overall recallthat
this stratgly may lead to, experiencewith existing searchen-
ginessuggestghat often the users searchrequestwill not be
sufiiciently detailedto yield suchhigh precision. Further the
small physicalsize of CAAs is unlikely to encouragdengthy
text entry althoughthey typically includevariousfeaturessuch
asdictionary-basedvord completionor speechrecognitionto
assistdataentry.

IF may appearbetter suited to CAIA than IR since de-
tailed profilesare often available enablinghigh precisionto be
achieved. However, in additionto the lossof interactiely, we
may encounteranothermracticalproblem. IF applicationsmay
oftenrequirehigh recall e,g. shareprice information;in order
to achieve this precisionis likely to suffer. While operatingin
anIF modea CAA is likely to be of secondanjinterestto the
userwhile they areengagedn someotheractivity. Experience
suggestghat they arelikely to becomefrustratedvery rapidly
if their attentionis repeatedlydravn to a CAA often providing
non-releantinformation[5] in orderto achieve highrecall.

Our currentresearchis exploring the augmentatiorof stan-
dardIR andIF in CAAs to take their currentcontextinto account
in theproces®of informationdelivery. Thefollowing sectionin-
troducessomemethodswve areexploringanddescribes simple
exampleillustrating oneapproactthatwe arecurrentlyinvesti-
gating.

3 CONTEXT-AWARE INFORMATION ACCESS

The currentcontext canbe usedin variouswaysin the infor-
mationaccesgrocess.A simple methodof usingcontet is a

Booleanfilter on potentiallyrelevantdocuments For example,
documentsnaybefilteredsothatonly thosewhosetime context
matchesa Booleanconstrainarepassedo a subsequerjuery-
documentmatchingstage. Alternatively, a more sophisticated
stratgly may be adoptedo take contet into accountaspart of
thecalculationof the query-documenmatchingscore.

Context-Aware M atching Functions In standardR andIF
the query-documentnatchingscoreis usually calculatedbased
on the termscontainedin the query and the document,often
with outputdocumentankdeterminedn partby termweighting
functions. In this caseall documentsretreatedas potentially
equallylikely to be relevant with the final ranking determined
only by thecontentsThusregardles®f thequerys (andusually
the users) contet or the context of individual documentsthe
samerankedlist will bereturnedn responseo aquery

Assumingthat the contets associatedvith the query and
documentsare correlatedwith relevance,this situationcanbe
extendedto take contet into accountin the matchingprocess.
Considerthe exampleshavn in Figurel. The useris currently
atlocationl, documentsareassociatedvith locations,perhaps
describinggeographicaleaturesor relevanthistoricalevents.If
the userissuesa queryto this documentarchie, it would be
reasonabléo take into accounthe valueof I andthe context of
eachdocumenin thecalculationof thematchingscore.

This conceptmay be combinednto aretrieval framevork as
follows. Assumethat eachterm ¢ in eachdocumentj hasa
combinedveightcw(z, ) which combinesstandardonceptof
collectionfrequeng, termfrequeng anddocumentengthcom-
pensatior{6]. The standardmatchingscorems(j) betweena
searchgueryandadocumeny would begivenby,

ms(j) = _ ew(i, )
3
In orderto take the contet of the queryanddocumeninto ac-
countwe canintroducea function f(c, j) representinghe dif-
ferencein contet ¢ betweerthem. This functioncanbeincor-
poratednto the calculationof ms(j) asfollows,

ms(j) = f(c,5) Y _ cw(i, j)

In asimplecasedifferencein context could be the distancebe-

tweenthemasshavn in Figurel1 for examplesd1, d2 andd3.
The mostappropriateform of f(c, j) would dependon the

application.Somepossibilitiesareasfollows:

if (d <= mazD)

f(e,5) =10
else
fe,j) =0.0

wheremaz D is the maximumdistancerom the contet of the
querythatrelevantdocument@rebelievedto belocated.Alter-
natively adecayingfunctionmightbeused.e.g.

fle,3) = —kid + k2
or
fle,3) =k exp_d +ko

wherek; andk. areempiricallydeterminedonstants.



Figurel: Exampleof locationandmotionbasedcontect-awareinformationretrieval.

By incorporatingcontet into the matchingscore using a
function of this type precisionmay be improved without pre-
cluding the retrieval of documentswith high query-document
matchingscoresfor which thereis a mismatchin contet. In
orderto exploretheeffectsof context userscouldbeofferedthe
opportunityto entera given context manuallyto simulatea re-
trieval result.

An important practical aspectof contet is that it usually
changegradually and frequently predictably; henceit is of-
ten possibleto forecastthe next context [3], and potentiallyto
incorporatethis informationinto the query-documentatching
process. Thusthe weighting of a documentassociatedvith a
likely next context couldbeincreasedwhereaghatof a context
which is becomingmore remotemight be reduced. This is il-
lustratedn Figurel by thearrov m illustratingthedirectionof
motionwhich canbe usedto predictthe mostlikely next loca-
tions.

A MultipleContext Example Considemaslightly morecom-
plex example. A usermay wish to enquireaboutconvenient
restaurantbasecdn their currentlocation.In orderto provide a
bestanswetto this enquirythe systencouldidentify potentially
suitablerestaurantdy comparingmenus pricing, reviews, etc
with the preference®f the user Taking into accountcontext
the systemwould furtherinvestigatehe distanceo eachpoten-
tial restauranaindthe possiblemeansof transportwith associ-
atedtimetablesgiving anindicatingof time to travel which will
dependon the currenttime. It could further take into account
detailssuchasthe weather if it is raining it may be betterto
travel furtherandfor longervia publictransporthanto walk to a
nearbyrestaurantSomeof the contextual datausedin deciding
the informationto deliver to the userwill be continuouswhile
otherswill be discrete. Clearly realizing systemsof this type
would enquireonline accesdo a variety of informationsources
andeffective integrationof theinformationobtained.

Context-Aware Documents In orderto make CAIA systems
work, documentsnusthave a notion of context associategavith
them,e.g. alocationor time with which they aremostclosely
associated.This context might be assignednanually e.g. in
the caseof a map,or automaticallyby a procesof shallaw in-
formationextraction,e.g. extractingpropernounssuchasplace
namesln thelattercasephysicalproximity of locationcontets
might be found usinginformation extractedfrom a map. This
needfor contet informationrequiresmore“intelligence”in the
indexing procesghanis usuallyadoptedor IR andIF.

Relevance Feedback While mobile CAAs may have very
limited scopefor browsing, the applicationof basicrelevance
feedbacknethodss fairly straightforvard. Userscanbeoffered
theopportunityto markdocumentsisrelevant. Thisinformation
canbe usedin a standardvay to modify term weightsand ex-
pandthe searchquery andpotentiallymodify valuesassociated
with context functionssuchask; andks.

4 CONCLUSIONSAND CURRENT WORK

The work describedn this paperis part of our ongoingwork

in contet-aware information management.Our currentwork

is concentratean further exploration of the CAIA paradigm,
investigatingthe retrieval requirement®f mobile usersandthe
developmentof suitablequery-documentatchingmodels.An

importantaspecbf thiswork whichwe arekeento developis the
establishmemf anevaluationframavork andtestsetto explore
CAIA applications.
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