
EffectiveWebSearchingonMobileDevices

Kerry Rodden,NatasaMilic-Frayling †,
Ralph Sommerer† & Alan Blackwell‡

InstrataLtd, 62KingstonStreet,CambridgeCB12NU, UK
Email: kerry@instrata.co.uk

² MicrosoftResearch Ltd, 7 J J ThomsonAvenue,
CambridgeCB30FB,UK
Email: {natasamf, som}@microsoft.com

‡Universityof CambridgeComputerLaboratory, 15 J J Thomson
Avenue, CambridgeCB30FD, UK
Email: Alan.Blackwell@cl.cam.ac.uk

Web pageswith complex layout do not display well on small screens,and
require extensive amounts of scrolling, both horizontally and vertically.
This quickly leads to disorientation within the page. In order to make
optimum use of the small displays on mobile devices for Web browsing
and searching, it is necessaryto enforceboth overview and detail concerns
of page viewing. However, this typically requires two differ ent visual
renderings. SmartView provides an overview in the form of a zoomed
out imageof the page,with outlines segmentingit into detail regions; the
user can selectany of theseregionsin order to view it separately fr om
the rest of the page. The content in the selectedregion is reformatted to
�t the display, reducing any scrolling to a single dir ection. SearchMobil
extendsthis approach with the aim of providing support for searching:
pagesretrieved by a search engine are displayed in an overview that is
annotated to show the locations of search terms. We carried out a user
study to compare SearchMobil' s pagerepresentationto the onecurr ently
usedin Pocket Inter net Explorer, with a specialemphasison exploring the
impact of pagestructur eand query term selectionon its effectiveness.

Keywords: PDA, handheld,mobile device, World Wide Web, searching,
browsing,overview plusdetail,pageviewer, evaluation.
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Figure 1: A Webpagewith complex design,asseenon a Pocket PC.Only a smallareacanbeshown in
detail,andtheoverview (therestof thepage)only becomesvisible throughscrolling.

1 Intr oduction
Mobile devices (suchas PDAs and smartphones)have small screens. Yet most
HTML pagesare designedwith the assumptionthat they will be displayedon a
standarddesktopscreen,meaningthat they can be dif�cult to view on a mobile
device(e.g.Figure1). Ideally, Webauthorscoulduseagenericdocumentdescription
formatthatwouldallow �e xible andadaptivelayoutof documentcontentonvarious
devices.Sucha formatdoesnot yet exist, however, soauthorsmustcreatedifferent
versionsof a pageto suit particular target devices (e.g. using WirelessMarkup
Language),or Web browserson mobile devices must be capableof dynamically
modifyingpageappearance.

1.1 OverviewPlus Detail
Genericsolutionsto theproblemof viewing largeamountsof informationin asmall
areaareknown asoverview plus detail displays[Card et al. 1999]. Theseenable
theuserto focuson a selectedregion, while maintaininga representationof his or
her context within the whole, andallowing navigation to otherregionsof it. Such
displayshavediagrammaticpropertiesthatintentionallyobscureor distortsomepart
of thecontentin orderto maketherelationshipbetweenoverview anddetailexplicit
[Carpendaleet al. 1997].Everysuchvisualrepresentationemphasizessomeaspects
of the structureor contentwhile obscuringothers[Greenet al. 1991; Petreet al.
1998].Theoverview anddetailmight bedisplayedsimultaneouslyin differentparts
of thescreen,or separately.

A very simpleexampleof anoverview plusdetailmechanismis thescrollbar,
which is usedmostwidely on mobiledevicesat present.However, the right trade-
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off betweenreadabilityof the contentand the amountof horizontaland vertical
scrollingrequiredto view apageisverydif�cult to achieve.Restrictedview andneed
for extensive scrollinghasbeenlinkedto impoverishedperformancein information
seekingtaskson small devicesin comparisonto deviceswith standardscreensize
[Joneset al. 1999,2002].

When viewing Web content on a mobile device, there are three common
situationsin whichoverview plusdetailconcernscanarise:

� The detail region is a portion of a Web page,and the structureof the page
providestheoverview for navigationwithin thepage.

� Thedetail region is a pagewithin a site,andthestructureof thesiteprovides
theoverview for navigationto otherpages.

� The detail region is a pagein a set of searchresults(of varying potential
relevance)that have beenreturnedfrom a searchengine,and the overview
is thesetitself.

In this paper, we concentrateon the�rst andthird of thesesituations.

1.2 Evaluationof Mobile Web Browsers
Given the wide range of possible Web page layouts and Web activities,
representationsof overview plusdetailarealwaysmoresuitedto somecombinations
of thesethanthey areto others.This makestheevaluationof novel Web browsers
ratherdif�cult. Oneoption is to run anevaluationexercisein which thebrowseris
evaluatedonly with respectto pagesandtasksthat areknown in advanceto meet
theassumptionsof thebrowserdesigners.This typeof studyis relatively common;
thereportedresultsmaybeimpressive,but they arenot informativeaboutthewider
applicabilityof thenew representation.

An alternative is to explicitly recognizethatall representationaldecisionswill
improve performanceon sometaskswhile reducingperformanceon others. The
ideal designis one in which relatively large improvementson somekinds of task
arebalancedby relatively small decrementselsewhere. But to establishthat this is
thecase,it is necessaryto explicitly evaluatenew browserswith tasksor structures
wherethe representationstrategy is expectedto farepoorly, aswell aswith those
whereit is expectedto performwell. This is whatwe have donein this project,and
we presentit hereasa casestudyandrecommendationfor otherteamsdeveloping
browsertechnologies.

2 SystemDescription
SmartView [Milic-Frayling & Sommerer2002a,b]is a prototypeapplicationthat
takesanovelapproachto theproblemof displayingWebpagesonmobiledevices.It
partitionsa documentinto a numberof regions,by analysingthelayoutstructureof
theunderlyingHTML . Theseregionsareindicatedto theuserby superimposedlines
on a thumbnailoverview of the document,from which he or shecanthenselecta
regionandreadits contentin adetailedview.
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Figure 2: SmartView — overview of the pagelayout,with logical regionsoutlinedin green(left), and
directaccessto thedetailregionsof thepage(right).

SearchMobilextendsthisapproachto supporttheuserin lookingfor aparticular
pieceof informationonthepage,by annotatingtheregionsto indicatehow well they
matchgivensearchterms,facilitatingrelevanceassessment.

We describebothof theseapplicationsin moredetail,andthenpresenta user
studythatfocusesontheeffectivenessof SearchMobil'spageannotations,exploring
theimpactof differentdocumentstructures(asdiscussedin theprevioussection).

2.1 SmartView
SmartView analysesthe structureof an HTML pagein order to segmentthe page
into meaningfullyseparatedetail regions,andpresentan overview of the structure
in thumbnailform. HTML doesnot explicitly describeconventionallayout features
suchasthe multiple columns,sidebars,etc., that arecommonlyusedin Web page
designs.Web authorsusuallyresortto HTML tableswith �x ed columnwidthsand
smallblankimagesto expresspagestructure.This resultsin rigid, in�e xible, �x ed-
sizeWeb pagelayoutsthat requirea certainminimal amountof screenspaceand
cannotbere-�owedto preservethelogicalstructurewhenviewedonsmallerscreens,
suchasthoseof mobiledevices.

Figure1 depictsthefront pageof a news site,showing theportionof thepage
that canbe seenusingInternetExploreron a Pocket PC.Note that the link bar on
the left occupiesmorethanhalf of thescreenwidth of thePocket PC,andthat the
scrollbarsindicatethatanextensiveamountof bothverticalandhorizontalscrolling
is requiredto seeotherpartsof thepage.Also, themaintext bodyof thepage(in the
centralcolumn)is too wide to �t on the screen,thusrequiringhorizontalscrolling
to readthe text. Suchoverview and detail restrictionsare inappropriatefor most
reading.

In SmartView, we discover the logical structureof the page,so that it canbe
presentedto theuserin anoverview. This involvesanalysinglayoutfeaturessuchas
thetableformatusedto de�ne thepositionof pageelements.Thepageoverview is
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Figure 3: SearchMobil,showing the resultsfrom a searchfor `elementstypography',wheretheuseris
currentlyviewing result4. Theoverview (on theleft) shows thelogical segmentsof thepage,annotated
with thenumberof termhits; the region with mosthits is outlinedin red insteadof green.Thedetailed
view (on theright) shows aselectedsegment,with thequerytermshighlighted.

displayedwith superimposedoutlinesindicatingthesegments(Figure2, left). The
usercannavigateto a speci�c detail region by tappingon oneof theoutlinedareas
with the stylus. The correspondingsegmentis thenextractedandpresentedin the
browserwindow, re-�owedto accommodatethenarrow screenof themobiledevice
(Figure2, right). Theseindividual text units canbe presentedasmeaningfuldetail
regions,becausethey areusuallyHTML fragmentswith a simplestructure.

Currently, thepagestructureanalysisandthumbnailcreationareimplemented
asaproxyservice.However, it wouldalsobepossibleto performbothlocally onthe
device.

Most previous researchinto Web browsingon mobile deviceshasfocusedon
integratingoverview anddetail information into a single screen,using text-based
summaryrepresentationsof thepagecontent[Buyukkoktenetal. 2001;Trevor etal.
2001]. While therearemany bene�ts of this approach,we believe that thereis a
valuein delivering the contentof a pageasoriginally designedby the author, and
maintainingan overview that givesa consistentlook-and-feelof the pagesacross
differentdevices. The more recentsystemof Chenet al. [2003] presentsa page
overview thatis split intosections,butgreatlychangesthepage'soriginalappearance
by shadingthesectionsin differentpastelcoloursto differentiatethem.

2.2 SearchMobil
SearchMobilis intendedto supportthe userin looking for informationmatchinga
requirement,in particularwhenhe or shehassubmitteda query to a Web search
engine,andis browsingthroughtheresults.It doesthis in two ways:

� While the searchengineproducesa ranking accordingto its estimateof
whichdocumentsin theresultsetaremostrelevantto thequery, SearchMobil
providesanindicationof whichpart of aparticulardocumentis mostrelevant
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to the posedquery. It enhancesSmartView by addingannotationsto assist
usersin judgingtherelevanceof eachpageregionto therequirement,enabling
them to quickly direct their attention to the most promising parts of a
document.In theoverview of a page,smallsquaresareplacedin eachregion
to indicate the numberof query term hits it contains,and the region with
mosthits is outlinedin red insteadof green(Figure3, left). In the detailed
view of a selectedregion, the querytermsarehighlighted(Figure3, right),
as in previous systemsfor supportingdocumentreading[Graham1999] or
Web browsing [Milic-Frayling & Sommerer2001] on desktopcomputers;
thesetermswill often mark importantcontextual locationswithin the page.
Theseenhancementsarefacilitatedby local or proxy-basedprocessingof the
documentsretrievedby thesearchengine.

� The setof the top ten resultpagesis automaticallydownloaded,andis itself
presentedin an overview plus detail form: a tabbed`booklet', asshown in
Figure3. Thetabsalongtheright-handsideof thepageprovideanoverview
indicatorthatsharesthescreenwith thecurrentdetailregion,therebyallowing
directaccessto eachsearchresult. Whentheusertapson oneof thetabs,he
or sheis presentedwith the annotatedoverview of that document.The user
canalsochooseto betakendirectly from thebookletview to thebestscoring
logical unit on thegivenpage,insteadof theoverview.

TheSearchMobilinterfacealsoprovidesa local searchfacility, sothattheuser
can carry out a re�ned searchover the set of documentsreturnedby the search
engine.If adocumentmatchesthelocalsearch,thecolourof its correspondingtabin
thebookletis changedto red. This facility maybehelpful if theuser's requirement
is initially vague,but becomesmorespeci�c asheor shereadsthroughsomeof the
results.

3 UserStudy
In orderto testourhypothesisthatquery-speci�coverview anddetailviewsof apage
(like thosein SearchMobil)would behelpful to users,wecarriedouta userstudyto
comparethemto PocketInternetExplorer'sdefaultpresentation.As wehavealready
discussed,certainusertasksandpageor sitestructuresarelikely to emphasizethe
bene�tsof particularrenderingandnavigationstrategiesfor overview plusdetail.

Studiesof Web usagehave found that thereis a wide rangeof differenttypes
of activity; Sellen et al. [2002], for example, identi�ed six main categories, of
which thoserelatedto Websearchingwere`�nding' (looking for somethingspeci�c
andwell-de�ned) and`informationgathering'(researchinga topic, e.g.to compare
alternativesandmakeadecision).As in previousstudiesof Webbrowsingonmobile
devices[Buyukkoktenetal. 2001;deBruijn etal. 2002;Jonesetal. 1999],weopted
for a�nding task(locatingtheanswerto asetquestion),asthisoffersmorecontrolto
theexperimenterthananopen-endedinformationgatheringtask. To further reduce
variability, we alsochoseto useasingleWebpagepertask.

As we mentionedin Section1.2, unlike previous researcherswe deliberately
chosesometasksthat did not suit our prototypesystem,aswell assomethat did,
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in order to explore the advantagesand disadvantagesof our overview plus detail
strategy. We hopedto �nd thattheimprovementin performancewith thefavourable
taskswasgreaterthanthedecrementwith theunfavourabletasks.

Whencarryingout a `�nding' taskusinga searchengine,theusermustenter
somequery terms,which form only a partial representationof his or her actual
requirement.Whenlookingataretrievedpagethatcontainsrelevantinformation,the
usermustbeableto identify andlocateit on thepage,andso theeffectivenessand
ef�ciency of thisprocessdependson thepositioningandprominenceof therelevant
information. Techniquessuchasqueryterm highlighting canbe helpful here,but
their usefulnessdependsonhow close(bothin termsof representationandlocation)
theuser'squeryis to theinformationthatsatis�eshisor heractualrequirement.The
sameappliesto the highlightson SearchMobil's pageoverview, andits indication
of the region containingmosthits; for theseto be helpful, thequerytermsandthe
relevant informationneedto co-occurwithin the samelayout elementof the page.
Thisobservationwasessentialto our experimentdesign.

Basedon thestructureof theWebpagecontainingtheanswerto thequestion,
andtheparticularsearchtermsused,we split thetasksinto threegroups:

Type X: Wherethe answerpagecanbe divided up into sectionsby SearchMobil,
andwherethe correctansweris in the sectionthat is outlined in red in the
overview (i.e. marked asmostrelevant,accordingto the searchtermsused).
We expectedSearchMobilto performbetterthanPocket IE in thesetasks.

Type Y: Where the answerpage has only a single section. We expectedthat
SearchMobilwould perform slightly worse than Pocket IE in thesetasks,
becausetheoverview addsnoadditionalinformationto thedetailview.

Type Z: Wherethe answerpagecanbe divided up into sectionsby SearchMobil,
and where the correct answeris not in the sectionthat is outlined in red
in the overview. One situation where this can arise is when the user has
enteredsearchtermsthataremoregeneralthanhis or heractualrequirement.
For example,the goal of taskZ2 is to �nd the postaladdressof the charity
`Shelter',but thesearchtermis simply `shelter',andthusin theSearchMobil
overview (shown in thebottomright of Figure4), themainpartof thepageis
markedasmostrelevant,not thesidebaron the left thatcontainstheaddress.
We felt thatbecausetheparticipantswerebeingdirectedto a sectionthatdid
not containthecorrectanswer, SearchMobilwould probablyperformslightly
worse.

The12 questionswe usedarelisted in Table1; they weredrawn from TREC-9
andTREC-10[Voorhees2001],andarebasedon logs of Web searchengineusage.
We selectedthe searchterms ourselves and submittedthem to Google, and the
answerpageswereall taken from the top ten resultsfor thoseterms. We favoured
questionswhereit wasunlikely thattheparticipantswouldalreadyknow theanswer,
and adaptedsomeof the questionsto make them more suitedto a UK audience.
We favouredpageswheretheanswerwasstatedunambiguously, without requiring
interpretationby theparticipants.
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Pocket IE SearchMobil

X

Y

Z

Figure 4: Examplesof the threetypesof task,showing the portionof theanswerpagethatwasvisible
without scrolling, for both typesof browser. In theSearchMobiloverviews, the recommendedregion is
outlinedin red,with two yellow squaresin thetop right corner.
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Questionandsearchterms ID

How many hexagonsandpentagonsarethereona football? X1

hexagonspentagonsfootball
How tall is theSearsTower, in feet? X2

sears towerheight
In whichyeardid Hawaii becomeastateof theUSA? X3

hawaii becamestate
Who is creditedwith inventingthepaperclip? X4
paperclip invented

Whatis thesalaryof aUK memberof parliament? X5
uk mpsalary

How many milesis it from Londonto Plymouth? X6
mileslondonplymouth

How muchwasa third-classticket for theship`Titanic'? Y1

titanic ticket cost
Which polymeris usedto makebulletproofvests? Y2

polymerbulletproof
How long is theaverageelephantpregnancy? Y3

elephantpregnancy

Whatis thetelephonenumberof theUniversityof Sussex? Z1

university sussex
Whatis thepostaladdressof thecharity`Shelter'? Z2

shelter
Which metalhasthehighestmeltingpoint? Z3

metalhighestmeltingpoint

Table 1: Thequestions(andtheir associatedsearchterms)usedin theexperiment.

After pilot studies,we decidedto modify the indicationof searchtermhits on
thepageoverview. Theregionwith mosthitscontainstwo yellow squares,andother
regionswith hits containoneyellow square(insteadof usingoneyellow squareper
hit). We alsochoseto placethemin thetopright of theregioninsteadof thetop left,
asthismadethemlesslikely to obscureany text at thetopof theregion. Thechange
canbeseenby comparingtheoverviewsin Figures3 & 4.

3.1 Method
3.1.1 Participants
We used 24 participants, all with normal or corrected-to-normalvision (self-
reported).16 weremaleand8 female,andthey rangedin agefrom 20 to 42. As
in thepreviousstudiesby others,all of ourparticipantshadacomputingbackground
(themajority wereundergraduatestudentsin computerscience),andall considered
themselvesto beexperiencedWebusers.

3.1.2 Materials
The participantsuseda CompaqiPAQ 3760, running Microsoft Pocket PC. The
answerpageswereall cachedon the iPAQ, sono network connectionwasrequired,
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andthe experimentaltimings could not be affectedby network performance.We
generatedaquestionpagefor eachtask,whichpresentedthequestionin ahyperlink
to the answerpage,with the original searchtermsgiven in italics below it (as in
Table1). Wealsogeneratedanadditionalpagefor eachparticipant,whichcontained
onehyperlinkto eachof thequestionpages,in arandomorder. Weusedastopwatch
to recordthetime takento �nd theanswerto eachquestion.

3.1.3 Design
As previously discussed,we chose6 taskswhere we expectedSearchMobilto
perform better than Pocket IE (Type X), and 6 wherewe expectedit to perform
worse(3 of TypeY, and3 of TypeZ). Becauseof thisanticipatedinteractionbetween
taskandinterfacetype,we useda between-subjectsdesign(half of theparticipants
usedPocket Internet Explorer alone, and half of them usedPocket IE with the
SearchMobiloverview of theanswerpage).All participantsdid thesame12 tasks,
whichwerepresentedin adifferentrandomorderfor eachparticipant.

3.1.4 Procedure
After readingthe instructionsand�lling in an initial questionnaire,theparticipants
wereshown how to usetheWebbrowseronthePocketPC,andwerewalkedthrough
an initial practicequestion. The participantswho wereassignedthe SearchMobil
view weregivenanexplanationof its featuresandwereshown how to useit. Then,
all of theparticipantsdid two morepracticequestionsontheirown. The�rst practice
taskwasof TypeX, thesecondof TypeY, andthethird of TypeZ.

In eachtask,theparticipantswereattemptingto locatetheanswerto a factual
question,on a single Web page. Participantsstartedeachtask from their own
index page,following a link to the questionpage,which they could look at for as
long asthey wanted. Then,whenthey wereready, they clicked on the link to the
pagecontainingtheanswer, andsaid`Go', promptingtheexperimenterto startthe
stopwatch.Whenthey hadfoundtheansweronthepage,they said`Stop',andtiming
stopped.

They weretold to imaginethat they hadalreadydonea Web searchto try to
answerthe question(using the query termsshown on eachquestionpage,as in
Table1), andthat the given pagewasoneof the resultsof the search.They were
alsotold thattheanswerwasalwayspresenton thegivenpage,andthatevenif they
knew theansweralready, they still hadto locateit on thepage.

If they wereunableto locatethe answerwithin 2 minutes,the experimenter
asked them to stop looking, and they moved on to the next question. In the
instructions,they wereasked not to rush throughthe task,despitethe time limit,
andto work at their normalWeb browsingspeed,makingsurethat they hadfound
theright answerbeforesaying`Stop'.

Whenthey haddoneall 12tasks,they �lled in apost-experimentquestionnaire,
containingbothclosedandopenquestions.

3.2 ResultsandDiscussion
Thedependentvariablewastime, thetimetakenbetweentheparticipantsaying`Go'
and`Stop'. Like most timing data,the distribution of this variablewaspositively
skewed (with a long tail to the right), and we thereforeapplieda log transform
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Figure 5: Theinverselog meantime for eachcombinationof taskandbrowser,
�
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mean.

to it (as is standard)to make the distribution more normal, before carrying out
further analysis. In threecases,the participanthad not found the answerwithin
the time limit, and thesewere regardedasmissingdata. We chosethe statistical
packageS-Plusfor dataanalysis,andusedits linearregressionfeaturesto construct
a linearmodel.Theresponsevariablewaslog(time), andthepredictor(independent)
variableswere: trial (thesequencenumberof the trial, from 1 to 12), task(the ID
of the task, with 12 levels), browser (either IE or SearchMobil),and participant
(12 levelsfor eachbrowser, asthedesignwasbetween-subjects).We alsoincluded
theinteractionbetweentaskandbrowser.

Then,we usedthe Analysis of Variance(ANOVA) function to extract results
from the �tted model. We found that therewas no main effect of browser type
(F(1,238)= 1.26, p = 0.23); overall, therewasvery little differencebetweenthe
two browsers,with a raw meanof 17.87secondsfor Pocket IE and18.13seconds
for SearchMobil (the inverse log mean was 14.37 secondsand 13.36 seconds
respectively).

As we expected,however, therewas a signi�cant differencein performance
betweentasks(F(11,238)= 25.0, p < 0.001), and also a signi�cant interaction
betweenbrowser and task (F(11,238)= 3.83, p < 0.001). Thesedifferencesare
enumeratedin Table 2, and illustrated in Figure 5; in the following sectionswe
analysethemin moredetail.

Lookingatthequestionnaireresults,for thestatement“It waseasyfor meto �nd
theanswersto thequestions”,participantsusingIE gave a medianagreementscore
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X1 X2 X3 X4 X5 X6 Y1 Y2 Y3 Z1 Z2 Z3

IE 9.67 25.2 12.7 9.67 18.3 18.1 8.25 29.3 18.3 9.58 31.2 24.3

SM 6.42 18.8 19.7 7.92 13.9 11.2 11.1 18.8 20.2 9.83 36.1 47.6

Table 2: Raw meancompletiontimes(in seconds)for eachcombinationof taskandbrowser.

Figure 6: The SearchMobiloverviews of the answerpagesfor tasksX3 (left) andZ3 (right), showing
only theportionthatwasvisible withoutverticalscrolling.Again,therecommendedregion is outlinedin
red,with two yellow squaresin thetop right corner.

of 3 (on a scaleof 0–6,where6 is `stronglyagree'),while thoseusingSearchMobil
gave a medianscoreof 5. This differencewassigni�cant (p < 0.05)in a Wilcoxon
rank-sumtest.

Participant 21 (Pocket IE), on what madea search easieror moredif�cult:
Having to scroll left to right aswell astop to bottommadeit moredif�cult.
Easiestwith just top to bottomscrolling.[It was]dif�cult to getanideaof the
structureof thedocument.

For the statement“I thought the Web browsing software was useful”, the
medianswere 4.5 and 5 respectively, but this difference was not signi�cant
(p = 0.25).

3.2.1 TypeX
As we expected,SearchMobilgenerallyoutperformedPocket InternetExplorerfor
thesetasks(wherethe answerto the questionwas in the sectionmarked as most
relevant). TaskX3 is the only exception;Figure6 shows that in the SearchMobil
view of task X3's answerpage, only a small part of the most relevant section
was visible (at the bottom of the screen)without vertical scrolling. Many of the
participantsdid not seeit andclickedon thetopsectioninstead.

3.2.2 TypeY
We expectedthat SearchMobilwould perform slightly worse than Pocket IE for
thesetasks,becausethe answerpagewas simply a single long document(which
SearchMobilcould not divide into sections). This was generallytrue, although
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in the caseof task Y2 (wherethe answerwasquite far down the page),it seems
that SearchMobil's term highlighting helpedparticipantsto �nd the answermore
quickly. In pagesof this type,theusershouldprobablybetakenstraightto asuitable
detailview, insteadof navigatingvia an intermediateoverview. In thefuture,asan
alternative visualizationof pagestructure,suchdocumentscould be segmentedat
theparagraphlevel.

3.2.3 TypeZ
Again,weexpectedthatSearchMobilwouldperformworsethanPocket IE for these
tasks.TaskZ1 wasrelatively easyin bothbrowsers,becausethepagewassmall,and
althoughin the SearchMobilview the answerwasnot in the red-outlinedsection,
therewereonly threeothersectionsto check,all of whichcontainedvery little text.

TaskZ2 (whoseanswerpageis shown at thebottomof Figure4) hada lot of
variability in performancein both browsers. With Pocket IE the answerwas just
below the portion of the pagethat was initially visible, and so thoseparticipants
who choseto scroll down �rst foundtheanswerimmediately, but thoseparticipants
who scrolledto the right �rst tendedto have to look aroundthewholepagebefore
�nding theanswer. With SearchMobil,someparticipantsguessedfrom theoverview
displaythat the red-outlinedsectionwould not containthe answer, andclicked on
thecorrectdetail region immediately, while otherswent to the red-outlinedsection
�rst, spendingsometimelookingthroughit beforereturningto theoverview display
andtrying again.In thequestionnaire,many participantscommentedon thefactthat
they hadmadeuseof theirknowledgeof Webpagedesignconventionswhenlooking
for certaintypesof information.

Participant 18 (SearchMobil), describinghis search strategy:
Addressesandthe like usuallylocatedat edgeof page,so look there�rst for
those.Othercontent,checkmainbodyof page,top to bottom,if information
not found, try anotherpart of the page. Very easy to move around the
documentand focus in on particularsections. Having an overview, with a
little practice,allows you to guesswherethecontentyou wantmaybe fairly
well — especiallyfor addressesetc.

Therewas a lot of variability in performancewith task Z3, but only in the
SearchMobilview, shown on theright of Figure6. Theanswerpagecontainsa table
with threecolumnsand� verows,andtheansweris in thecell atthebottomleft of the
table,but theinformationindicatingthis is in thecell to its right (asoutlinedin redin
theSearchMobilview). TheparticipantsusingSearchMobilthereforehadto notice
that thepagewasa table,andinfer thelocationof thecorrectanswer, after looking
at thered-outlinedsection.Somedid this immediately, andthereforeansweredvery
quickly, while otherswerepuzzledandspenta lot of timeclicking onall of theother
sections— this accountsfor boththepoorperformanceandhighvariability.

Participant 14 (SearchMobil), describinghis search strategy:
If the searchwords were quite speci�c, look carefully in the box highest
recommended.If they weren't, look there�rst but thenbackout quickly to
theoverall formatandguesswherethey wouldplacethatinformation.
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Participant 20 (SearchMobil):
Occasionallyit would fragmentthe pagetoo muchso that a lot of repeated
zoominsandzoomoutswereneededto �nd data.

4 Further Work
In selectingtasksfor this experiment,it wasmucheasierto �nd thoseof Type X
thanof Type Y, and�nding tasksof Type Z wasespeciallydif�cult. We take this
as informal evidencethat the SearchMobilstrategy is appropriateto the relative
frequenciesof thesedifferentpagetypes,but we plan to carry out a more formal
survey of Webpagesin orderto investigatethis further.

We also intend to carry out moreuserstudies,to testSearchMobil's booklet
interface, and investigatethe trade-offs of alternative designsfor presentingan
overview of a setof searchresultson a mobiledevice (asin thework of Woodruff
et al. [2001] in the desktopcontext). For example, in this study the participants
always knew that the answerwas presenton the given page; in more realistic
searchtasks,theuserhasto continuallymakejudgementsaboutthelikelihoodthata
particularpagewill yield usefulinformation,andit would bevery interestingto see
how well thedifferentinterfacessupportthis activity.

As well asone-off queries,SearchMobilcouldalsoannotatepagesbasedon a
prede�nedsetof topicsof interestto the user[Graham1999], or a more implicit
indication of the user's evolving interest,basedon his or her browsing path (as
discussedby Lieberman[1997]andothers).

As analternative to theyellow squares,searchtermscouldbeenlargedon the
overview, asin PopoutPrism[Suhet al. 2002]; thesewould have theadvantageof
providing theuserwith readabletext beforeheor shehasselecteda region, but the
disadvantageof distortingthepage'sappearance.

5 Conclusions
In order to make optimum useof the small displayson mobile devices for Web
searching,it is necessaryto separateoverview anddetailconcernsof thesearchtask
into differentvisual renderings.We have discussedthreedesignsthat achieve this
in differentways.SmartView usesa compressedoverview visualizationto facilitate
navigationto structurallysigni�cant regionsof a page.SearchMobilannotatesthat
overview to show thelocationof searchtermsof interest.TheSearchMobilbooklet
view presentstheoverview of asetof retrievedpagesin acache,orderedaccordingto
relevance.As with all overview plusdetailvisualizations,thesesolutionssuit some
tasksand informationstructuresbetterthanothers. Our evaluationhascon�rmed
this dependency, andhighlightsthekind of tasksthatSmartView andSearchMobil
canfacilitate.
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