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ABSTRACT

The emergenceof networked context-aware mobile comput-
ing appliancespotentially offers opportunitiesfor remoteac-
cessto hugeonlineinformationresources.Informationaccessin
context-awareinformationappliancescanutilize existing tech-
niquesdevelopedfor effective informationretrieval and infor-
mationfiltering; however, practicalphysicalandoperationalfea-
turesof thesedevicesandtheavailability of context information
itself suggestthat the documentselectionprocessshouldmake
useof thiscontextual data.

1 INTRODUCTION

Thereis currentlyincreasinginterestin thedevelopmentof mo-
bile computingapplications.Until recentlythe role of mobile
devices was generallyconfinedto the provision of a rangeof
applicationsfor userswhile they wereaway from their normal
office environment. For example,PDAs (PersonalDigital As-
sistants)typically provide a diary, addressbookandbasicword
processing.However, theestablishmentof theWirelessApplica-
tion Protocol(WAP) [4] meansthatPDAs andotherdevicescan
easilybeconnectedto theInternet.WAP is currentlyappearing
on mobile phones,but looks setto be addedto any numberof
informationappliancesin thenearfuture. Themobiledelivery
of onlinematerialhasmany potentialbenefitsin enablingusers
to have immediatetimely accessto informationto assistthemin
their currentsituation.

An importantfeatureof many networkedmobileinformation
appliances1 in general,is thatthey havesomesenseof theircon-
text, e.g. their currentlocation, the currenttime, their current
operator, their directionof travel, or the ambienttemperature.
Context-awarenesscanpotentiallycombinea large numberof
context parameters,but in this discussionwe generallyrestrict

1In this discussionan informationapplianceis taken to be
any independentcomputingdevice. This maybea generalpur-
posePDA or aspecialiseddevice suchasadigital camera.
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ourselvesto the simplercaseof a singlecontext variable. Uti-
lizing context informationin theprovisionof onlineinformation
in theseenvironmentsgivesriseto theconceptof context-aware
informationaccess(CAIA).

In thispaperweexploretherelationshipbetweenestablished
information retrieval (IR) and information filtering (IF) tech-
niquesandCAIA, highlightingthenovel featuresof thisretrieval
environment,anddescribeour currentwork which is aimedat
beginning to addresstheseissues.We suggestthat the charac-
teristicsof context-awareappliances(CAAs)meanthateffective
CAIA should look beyond standardIR or IF techniques,and
explore methodsby which the featuresassociatedwith being
context-aware canbeincorporatedinto retrieval models.

2 BACKGROUND TO THE DEVELOPMENT OF
CONTEXT-AWARE INFORMATION ACCESS

In this sectionwe review thebackgroundto CAIA by outlining
pertinentexisting work, give definitionsfor IR andIF asused
in this discussion,and outline relevant detailsof the physical
characteristicsandoperationalenvironmentsof CAAs.

2.1 Existing Research in CAIA

Existingresearchin CAIA hasbeenrestrictedto smallscalepi-
lot studies,e.g.[2]. In theseapplicationsmatchingbetweenuser
interestsandavailabledocumentshasbeenrestrictedto simple
Booleanmatchingof fields. Thesemethodshave sufficed for
smallhomogeneousdatasets;however, webelieve thatthereal-
isationof CAIA in largescaleheterogeneousenvironments,such
asthosepotentiallyavailablein WAP applications,will require
moresophisticatedretrieval strategies.

2.2 Information Retrieval and Information Filtering

Beforeexploring CAIA we first outline the key featuresof IR
andIF asusedin this discussion.IR is generallyviewedasthe
interactive retrieval, in responseto a usersearchrequest,of po-
tentially relevant documentsfrom largely staticdocumentcol-
lections.Theoutputof an IR systemis usuallya ranked list of
documentswith brief summariesindicatingthecontentsof each
document.By contrast,IF is basedon theuseof profiles(long-
term requests)indicating long standingtopics of userinterest
to selectfor delivery to the userfrom amonga streamof new
documents.Usersarethuspresentedwith individualdocuments
which the IF system“believes” may be of interest. A detailed
comparisonof IR andIF is containedin [1].



2.3 Context-Aware Appliances (CAAs)

A key featureof CAAs is that their context will changeover
time. Thischangein context canexhibit variousfeatures,for ex-
ampleit maybefrequentor infrequent,rapidor slow, smoothor
erratic,andpredictableor unpredictable.In addition,theporta-
bility of CAAs hassignificantimplicationsfor interactionin the
informationaccessprocess.For example,the displayof WAP
enabledmobilephonesis amicrobrowserenablingusersto view
around6 short lines of text and simple graphics. This small
browsermeansthat,by comparisonwith standarddesktopcom-
puterbasedIR systems,it isdifficult for userstobrowseamonga
longlist of retrieveddocumentsandpotentiallyfrustratingto ex-
aminemorethanafew documentsfor relevantinformation.The
quality of this displayis likely to increaserapidly over thenext
few years,includingtheintroductionof colour, muchimproved
definition,andfull-motion video; however it will inevitably al-
waysbeverysmall.

2.4 Issues for CAIA

Thephysicallimitationsof many CAAs suggestthatCAIA ap-
plicationsshouldaim for high precisionin orderto reducethe
needfor browsing. Fortunately, for interactive IR tasksin mo-
bile CAAs high precisionwill probablyoften be the main re-
quirement.Theuseris likely to beseekinginformationrelevant
to their currentcontext, e.g. suitabledirectionsto a destina-
tion, andsatisfyingthis immediateinformationneedis proba-
bly more importantthan providing the userwith all available
relevant information. While the usermay often, in principle,
behappy to acceptany resultingreductionin overall recall that
this strategy may lead to, experiencewith existing searchen-
ginessuggeststhat often the user’s searchrequestwill not be
sufficiently detailedto yield suchhigh precision. Further, the
small physicalsize of CAAs is unlikely to encouragelengthy
text entry, althoughthey typically includevariousfeaturessuch
as dictionary-basedword completionor speechrecognitionto
assistdataentry.

IF may appearbetter suited to CAIA than IR since de-
tailedprofilesareoftenavailableenablinghigh precisionto be
achieved. However, in additionto the lossof interactively, we
mayencounteranotherpracticalproblem. IF applicationsmay
often requirehigh recall e,g. shareprice information; in order
to achieve this precisionis likely to suffer. While operatingin
an IF modea CAA is likely to be of secondaryinterestto the
userwhile they areengagedin someotheractivity. Experience
suggeststhat they are likely to becomefrustratedvery rapidly
if their attentionis repeatedlydrawn to a CAA oftenproviding
non-relevant information[5] in orderto achieve highrecall.

Our currentresearchis exploring the augmentationof stan-
dardIR andIF in CAAs to taketheircurrentcontext intoaccount
in theprocessof informationdelivery. Thefollowing sectionin-
troducessomemethodsweareexploringanddescribesasimple
exampleillustratingoneapproachthatwe arecurrentlyinvesti-
gating.

3 CONTEXT-AWARE INFORMATION ACCESS

The currentcontext canbe usedin variousways in the infor-
mationaccessprocess.A simplemethodof usingcontext is a

Booleanfilter on potentiallyrelevantdocuments.For example,
documentsmaybefilteredsothatonly thosewhosetimecontext
matchesa Booleanconstraintarepassedto a subsequentquery-
documentmatchingstage. Alternatively, a moresophisticated
strategy maybeadoptedto take context into accountaspartof
thecalculationof thequery-documentmatchingscore.

Context-Aware Matching Functions In standardIR andIF
thequery-documentmatchingscoreis usuallycalculatedbased
on the termscontainedin the query and the document,often
with outputdocumentrankdeterminedin partby termweighting
functions. In this caseall documentsaretreatedaspotentially
equally likely to be relevant with the final rankingdetermined
only by thecontents.Thusregardlessof thequery’s(andusually
the user’s) context or the context of individual documents,the
samerankedlist will bereturnedin responseto aquery.

Assumingthat the contexts associatedwith the query and
documentsarecorrelatedwith relevance,this situationcanbe
extendedto take context into accountin the matchingprocess.
Considertheexampleshown in Figure1. Theuseris currently
at location

�
, documentsareassociatedwith locations,perhaps

describinggeographicalfeaturesor relevanthistoricalevents.If
the userissuesa query to this documentarchive, it would be
reasonableto take into accountthevalueof

�
andthecontext of

eachdocumentin thecalculationof thematchingscore.
This conceptmaybecombinedinto a retrieval framework as

follows. Assumethat eachterm � in eachdocument� hasa
combinedweight �������
	��
� whichcombinesstandardconceptsof
collectionfrequency, termfrequency anddocumentlengthcom-
pensation[6]. The standardmatchingscore �������
� betweena
searchqueryandadocument� wouldbegivenby,
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In orderto take thecontext of thequeryanddocumentinto ac-
countwe canintroducea function ����� 	��
� representingthedif-
ferencein context � betweenthem. This functioncanbeincor-
poratedinto thecalculationof �������
� asfollows,

���
���
�!�"�����#	��
� � � �������
	��
�
In a simplecasedifferencein context couldbethedistancebe-
tweenthemasshown in Figure1 for examples$&% , $(' and $*) .

The mostappropriateform of ����� 	��
� would dependon the
application.Somepossibilitiesareasfollows:

if ��$,+-�.�0/*1324������ 	��
���5%76 8
else����� 	��
���"8(6 8

where �9/*132 is themaximumdistancefrom thecontext of the
querythatrelevantdocumentsarebelievedto belocated.Alter-
natively adecayingfunctionmightbeused,e.g.

����� 	��
�!�5:<;>=?$A@B;*C
or

�����#	��
���D; =>E�F(GIH&J @K; C
where;>= and ;*C areempiricallydeterminedconstants.
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Figure1: Exampleof locationandmotionbasedcontext-awareinformationretrieval.

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

An important practical aspectof context is that it usually
changesgradually, and frequentlypredictably;henceit is of-
ten possibleto forecastthe next context [3], andpotentiallyto
incorporatethis informationinto thequery-documentmatching
process.Thus the weightingof a documentassociatedwith a
likely next context couldbeincreased,whereasthatof acontext
which is becomingmoreremotemight be reduced.This is il-
lustratedin Figure1 by thearrow � illustratingthedirectionof
motionwhich canbeusedto predictthemostlikely next loca-
tions.

A Multiple Context Example Consideraslightlymorecom-
plex example. A usermay wish to enquireaboutconvenient
restaurantsbasedon their currentlocation.In orderto providea
bestanswerto thisenquirythesystemcouldidentify potentially
suitablerestaurantsby comparingmenus,pricing, reviews, etc
with the preferencesof the user. Taking into accountcontext
thesystemwould furtherinvestigatethedistanceto eachpoten-
tial restaurantandthepossiblemeansof transportwith associ-
atedtimetables,giving anindicatingof timeto travel whichwill
dependon the currenttime. It could further take into account
detailssuchas the weather, if it is raining it may be betterto
travel furtherandfor longerviapublictransportthanto walk to a
nearbyrestaurant.Someof thecontextual datausedin deciding
the informationto deliver to the userwill be continuouswhile
otherswill be discrete. Clearly realizingsystemsof this type
would enquireonlineaccessto a varietyof informationsources
andeffective integrationof theinformationobtained.

Context-Aware Documents In orderto makeCAIA systems
work, documentsmusthave a notionof context associatedwith
them,e.g. a locationor time with which they aremostclosely
associated.This context might be assignedmanually, e.g. in
thecaseof a map,or automaticallyby a processof shallow in-
formationextraction,e.g.extractingpropernounssuchasplace
names.In thelattercasephysicalproximity of locationcontexts
might be found usinginformationextractedfrom a map. This
needfor context informationrequiresmore“intelligence” in the
indexing processthanis usuallyadoptedfor IR andIF.

Relevance Feedback While mobile CAAs may have very
limited scopefor browsing, the applicationof basicrelevance
feedbackmethodsis fairly straightforward.Userscanbeoffered
theopportunityto markdocumentsasrelevant.Thisinformation
canbe usedin a standardway to modify term weightsandex-
pandthesearchquery, andpotentiallymodify valuesassociated
with context functionssuchas ;>= and ;*C .
4 CONCLUSIONS AND CURRENT WORK

The work describedin this paperis part of our ongoingwork
in context-aware informationmanagement.Our currentwork
is concentratedon further explorationof the CAIA paradigm,
investigatingtheretrieval requirementsof mobileusersandthe
developmentof suitablequery-documentmatchingmodels.An
importantaspectof thisworkwhichwearekeento developis the
establishmentof anevaluationframework andtestsetto explore
CAIA applications.
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