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Web pageswith complexlayout do not display well on small screens,and
require extensive amounts of scrolling, both horizontally and vertically.
This quickly leadsto disorientation within the page. In order to make
optimum use of the small displays on mobile devicesfor Web browsing
and searching, it is necessaryto enforceboth overview and detail concemns
of page viewing. However, this typically requirestwo different visual
renderings. SmartView provides an overview in the form of a zoomed
out image of the page,with outlines segmentingit into detail regions;the
user can selectany of theseregionsin order to view it separately from
the restof the page. The contentin the selectedregionis 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 one curr ently
usedin Pocket Inter net Explorer, with a specialemphasison exploring the
impact of pagestructur e and 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 comple design,asseenon a Poclet PC.Only a smallareacanbeshavn in
detail,andthe overview (therestof the page)only becomewisible throughscrolling.

1 Intr oduction

Mobile devices (suchas PDAs and smartphones)have small screens. Yet most
HTML pagesare designedwith the assumptiorthat they will be displayedon a
standarddesktopscreen,meaningthat they can be dif cult to view on a mobile
device (e.g.Figurel). Ideally, Webauthorscoulduseagenericdocumentlescription
formatthatwould allow e xible andadaptve layoutof documentontentonvarious
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
modifying pageappearance.

1.1 OwerviewPlus Detalil

Genericsolutionsto the problemof viewing largeamountf informationin asmall
areaare known asoverviav plus detail displays[Card et al. 1999]. Theseenable
the userto focuson a selectedregion, while maintaininga representatiomf his or
her contect within the whole, andallowing navigation to otherregionsof it. Such
displayshave diagrammatigropertieghatintentionallyobscureor distortsomepart
of the contentin orderto make therelationshipbetweeroverview anddetailexplicit
[Carpendalestal. 1997]. Every suchvisualrepresentatioemphasizesomeaspects
of the structureor contentwhile obscuringothers[Greenet al. 1991; Petreet al.
1998]. The overview anddetailmight be displayedsimultaneouslyn differentparts
of thescreenpr separately

A very simpleexampleof an overview plus detail mechanisnmis the scrollbar
which is usedmostwidely on mobile devicesat present.However, the right trade-
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off betweenreadability of the contentand the amountof horizontaland vertical
scrollingrequiredto view apageis verydif cult to achieve. Restricted/iew andneed
for extensive scrolling hasbeenlinked to impoverishedperformanceén information
seekingtaskson small devicesin comparisorto deviceswith standardscreensize
[Jonesetal. 1999,2002].

When viewing Web contenton a mobile device, there are three common
situationsin which overview plusdetailconcernsanarise:

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

Thedetailregion is a pagewithin a site,andthe structureof the site provides
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 overvien
is the setitself.

In this paperwe concentrat®n the rst andthird of thesesituations.

1.2 Evaluation of Mobile Web Browsers

Given the wide range of possible Web page layouts and Web actvities,
representationsf overview plusdetailarealwaysmoresuitedto somecombinations
of thesethanthey areto others. This makesthe evaluationof novel Web browsers
ratherdif cult. Oneoptionis to run an evaluationexercisein which the browseris
evaluatedonly with respectto pagesandtasksthat are known in advanceto meet
the assumptionsf the browserdesignersThis type of studyis relatively common;
thereportedresultsmaybeimpressie, but they arenotinformative aboutthe wider
applicability of the new representation.

An alternatve is to explicitly recognizethatall representationalecisionswill
improve performanceon sometaskswhile reducingperformanceon others. The
ideal designis onein which relatively large improvementson somekinds of task
arebalancedy relatively small decrementglsavhere. But to establishthat this is
the case,it is necessaryo explicitly evaluatenew browserswith tasksor structures
wherethe representatiostratgyy is expectedto fare poorly, aswell aswith those
whereit is expectedto performwell. Thisis whatwe have donein this project,and
we presentt hereasa casestudyandrecommendatioffor otherteamsdeveloping
browsertechnologies.

2 SystemDescription

SmartVew [Milic-Frayling & Sommerer2002a,blis a prototypeapplicationthat
takesanovel approacto the problemof displayingWebpageson mobiledevices. It
partitionsa documeninto a numberof regions,by analysingthe layout structureof
theunderlyingHTML . Theseregionsareindicatedto theuserby superimposetines
on a thumbnailoverviewn of the documentfrom which he or shecanthenselecta
region andreadits contentin a detailedview.
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Figure 2: Smart\lew — overvien of the pagelayout, with logical regionsoutlinedin green(left), and
directaccesgo the detailregionsof the page(right).

SearchMobikxtendshisapproacho supportheuserin lookingfor aparticular
pieceof informationonthe page by annotatingheregionsto indicatehow well they
matchgivensearcherms facilitatingrelevanceassessment.

We describeboth of theseapplicationsn moredetail, andthenpresenta user
studythatfocuseon the effectivenesof SearchMobils pageannotationsexploring
theimpactof differentdocumenstructureqasdiscussedn the previoussection).

2.1 SmartMew

Smart\View analyseghe structureof an HTML pagein orderto sggmentthe page
into meaningfullyseparataletail regions,and presentan overview of the structure
in thumbnailform. HTML doesnot explicitly describecorventionallayoutfeatures
suchasthe multiple columns,sidebarsgtc., thatare commonlyusedin Web page
designs.Web authorsusuallyresortto HTML tableswith x ed columnwidths and

smallblankimagesto expresspagestructure.This resultsin rigid, in e xible, x ed-

size Web pagelayoutsthat requirea certainminimal amountof screenspaceand

cannotbere- o wedto preserethelogical structurevhenviewedonsmallerscreens,
suchasthoseof mobiledevices.

Figure 1 depictsthe front pageof a news site, shaving the portion of the page
that canbe seenusing InternetExploreron a Poclet PC. Note that the link baron
theleft occupiesmorethanhalf of the screenwidth of the Poclet PC,andthatthe
scrollbarsindicatethatanextensve amountof bothverticalandhorizontalscrolling
is requiredto seeotherpartsof the page.Also, themaintext bodyof thepage(in the
centralcolumn)is too wide to t on the screenthusrequiringhorizontalscrolling
to readthe text. Suchoverview and detail restrictionsare inappropriatefor most
reading.

In SmartMew, we discover the logical structureof the page,sothatit canbe
presentedo the userin anoverview. Thisinvolvesanalysindayoutfeaturessuchas
thetableformatusedto de ne the positionof pageelements.The pageoverview is



EffectiveWeb Seaching on Mobile Devices 5

Figure 3: SearchMobilshaving the resultsfrom a searchfor “elementsypography',wherethe useris
currentlyviewing result4. The overviev (ontheleft) shavs thelogical segmentsof the page annotated
with the numberof term hits; the region with mosthits is outlinedin red insteadof green. The detailed
view (ontheright) shawvs a selectedsegment,with the querytermshighlighted.

displayedwith superimposedutlinesindicatingthe segments(Figure 2, left). The

usercannavigateto a speci ¢ detailregion by tappingon oneof the outlinedareas
with the stylus. The correspondingegmentis thenextractedand presentedn the

browserwindow, re- owedto accommodatéhe narrav screerof the mobile device

(Figure 2, right). Theseindividual text units canbe presentedgsmeaningfuldetail

regions,because¢hey areusuallyHTML fragmentswith a simplestructure.

Currently the pagestructureanalysisandthumbnailcreationareimplemented
asaproxy service.However, it would alsobe possibleto performbothlocally onthe
device.

Most previous researchinto Web browsing on mobile deviceshasfocusedon
integrating overview and detail informationinto a single screen,using text-based
summaryrepresentationsf the pagecontenfBuyukkoktenetal. 2001; Trevor etal.
2001]. While thereare mary bene ts of this approachwe believe that thereis a
valuein delivering the contentof a pageasoriginally designedoy the author and
maintainingan overview that gives a consisteniook-and-feelof the pagesacross
differentdevices. The morerecentsystemof Chenet al. [2003] presentsa page
overview thatis splitinto sectionsput greatlychangeshepagesoriginalappearance
by shadinghesectiondn differentpastelcoloursto differentiatethem.

2.2 SearhMobil

SearchMobilis intendedto supportthe userin looking for informationmatchinga
requirementjn particularwhen he or shehassubmitteda queryto a Web search
engineandis browsingthroughtheresults.lt doesthisin two ways:

While the searchengine producesa ranking accordingto its estimateof
whichdocumentsn theresultsetaremostrelevantto the query SearchMobil
providesanindicationof which part of a particulardocumenis mostrelevant
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to the posedquery It enhancesmartMew by addingannotationgo assist
userdn judgingtherelevanceof eachpageregionto therequirementenabling
them to quickly direct their attentionto the most promising parts of a
document.In the overview of a page smallsquareareplacedin eachregion

to indicatethe numberof query term hits it contains,and the region with

mosthits is outlinedin red insteadof green(Figure 3, left). In the detailed
view of a selectedregion, the querytermsare highlighted(Figure 3, right),

asin previous systemsfor supportingdocumentreading[Graham1999] or

Web browsing [Milic-Frayling & Sommerer2001] on desktopcomputers;
thesetermswill often mark importantcontectual locationswithin the page.
Theseenhancementarefacilitatedby local or proxy-basegrocessingf the
documentsetrievedby the searchengine.

The setof thetop tenresultpagess automaticallydownloaded,andis itself
presentedn an overview plus detail form: a tabbed booklet', as shovn in

Figure 3. Thetabsalongtheright-handside of the pageprovide an overvien

indicatorthatshareshe screerwith thecurrentdetailregion, therebyallowing

directaccesgo eachsearclresult. Whenthe usertapson oneof thetabs,he
or sheis presentedvith the annotatedverview of thatdocument. The user
canalsochooseo betakendirectly from the bookletview to the bestscoring
logical unit onthe givenpage insteadof the overview.

The SearchMobiinterfacealsoprovidesalocal searcifacility, sothatthe user
can carry out a re ned searchover the set of documentseturnedby the search
engine.lf adocumentnatcheghelocalsearchthecolourof its correspondingabin
the bookletis changedo red. This facility may be helpful if the users requirement
is initially vague but becomesnorespeci ¢ ashe or shereadsthroughsomeof the
results.

3 UserStudy

In orderto testour hypothesighatquery-speci coverview anddetailviews of apage
(likethosein SearchMobil\would be helpfulto userswe carriedout a userstudyto
compardhemto PocletInternetExplorer'sdefaultpresentationAs we have already
discussedcertainusertasksandpageor site structuresarelikely to emphasizehe
bene tsof particularrenderingandnavigationstrateiesfor overview plusdetail.

Studiesof Web usagehave foundthatthereis a wide rangeof differenttypes
of actwity; Sellenet al. [2002], for example, identi ed six main cateyories, of
whichthoserelatedto Websearchingvere™ nding' (looking for somethingspeci c
andwell-de ned) and informationgathering'(researching topic, e.g.to compare
alternatvesandmake adecision).As in previousstudiesof Webbrowsingon mobile
devices[Buyukkoktenetal. 2001;deBruijn etal. 2002;Jonesetal. 1999],we opted
for a nding task(locatingtheanswetto asetquestion)asthis offersmorecontrolto
the experimentetthanan open-endedhformationgatheringtask. To furtherreduce
variability, we alsochoseto usea singleWeb pagepertask.

As we mentionedin Sectionl.2, unlike previous researchersve deliberately
chosesometasksthat did not suit our prototypesystem,aswell as somethat did,
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in orderto explore the advantagesand disadantagesof our overview plus detall
stratgyy. We hopedto nd thattheimprovementn performancevith the favourable
taskswasgreatetthanthe decrementith the unfavourabletasks.

Whencarryingouta "~ nding' taskusinga searchengine,the usermustenter
somequery terms, which form only a partial representatiorof his or her actual
requirementWhenlookingataretrievedpagethatcontaingelevantinformation,the
usermustbe ableto identify andlocateit on the page,andsothe effectivenessand
efciency of this processlepend®n the positioningandprominenceof therelevant
information. Techniquessuchas queryterm highlighting can be helpful here,but
theirusefulnesslepend®n how close(bothin termsof representatioandlocation)
theusers queryis to theinformationthatsatis eshis or heractualrequirementThe
sameappliesto the highlights on SearchMobils pageoverview, andits indication
of the region containingmosthits; for theseto be helpful, the querytermsandthe
relevantinformationneedto co-occurwithin the samelayout elementof the page.
This obsenationwasessentiato our experimentdesign.

Basedon the structureof the Web pagecontainingthe answerto the question,
andthe particularsearchtermsused we split thetasksinto threegroups:

Type X: Wherethe answerpagecanbe divided up into sectionsby SearchMobil,
and wherethe correctansweris in the sectionthatis outlinedin redin the
overview (i.e. marked as mostrelevant, accordingto the searchtermsused).
We expectedSearchMobiko performbetterthanPoclet IE in thesetasks.

Type Y: Where the answerpage has only a single section. We expectedthat
SearchMobilwould perform slightly worse than Poclet IE in thesetasks,
because¢he overview addsno additionalinformationto the detail view.

Type Z: Wherethe answerpagecan be divided up into sectionsby SearchMobil,
and where the correctansweris not in the sectionthat is outlined in red
in the overview. One situation where this can ariseis when the user has
enteredsearchtermsthataremoregeneralhanhis or heractualrequirement.
For example,the goal of taskZ2 is to nd the postaladdresf the charity
“Shelter',but the searchtermis simply “shelter',andthusin the SearchMobil
overview (shavn in the bottomright of Figure4), themainpartof the pageis
marked asmostrelevant, not the sidebaron the left that containsthe address.
We felt thatbecausehe participantswvere beingdirectedto a sectionthatdid
not containthe correctanswey SearchMobilwould probablyperformslightly
worse.

The 12 questionave usedarelistedin Table1; they weredravn from TREC-9
and TREC-10[Voorhees2001], andarebasedon logs of Web searchengineusage.
We selectedthe searchterms ourselhes and submittedthem to Google, and the
answerpageswereall takenfrom the top ten resultsfor thoseterms. We favoured
guestionsvhereit wasunlikely thatthe participantsvould alreadyknow theanswey
and adaptedsomeof the questionsto make them more suitedto a UK audience.
We favouredpageswherethe answerwas statedunambiguouslywithout requiring
interpretatiorby the participants.
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PocletIE SearchMobil

Figure 4: Examplesof the threetypesof task,shaving the portion of the answemagethatwasvisible
without scrolling, for both typesof browser In the SearchMobiloverviens, the recommendedegion is
outlinedin red, with two yellow squaresn thetop right corner
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| Questionandsearchterms | ID |
How mary hexagonsandpentagonsrethereonafootball? | X1
hexagonspentaonsfootball
How tall is the SearsTower, in feet? X2
seas towerheight
In which yeardid Hawaii becomea stateof the USA? X3
hawaii becamestate
Whois creditedwith inventingthe paperclip? X4
paperclip invented
Whatis the salaryof a UK memberof parliament? X5
uk mpsalary
How mary milesis it from Londonto Plymouth? X6
mileslondonplymouth
How muchwasathird-classticket for the ship Titanic'? Y1
titanic ticket cost
Which polymeris usedto make bulletproofvests? Y2
polymerbulletproof
How longis the averageelephanpregnang? Y3
elephantpregnancy
Whatis thetelephonenumberof the University of Sussg? | Z1
univesity suss&
Whatis the postaladdres®f the charity “Shelter'? Z2
shelter
Which metalhasthe highestmeltingpoint? Z3
metalhighestmeltingpoint

Table 1: Thequestiongandtheir associatedearchterms)usedin theexperiment.

After pilot studieswe decidedto modify the indicationof searchterm hits on
the pageoverview. Theregionwith mosthits containgwo yellow squaresandother
regionswith hits containoneyellow squareg(insteadof usingoneyellow squareper
hit). We alsochoseto placethemin thetopright of theregioninsteadof thetop left,
asthis madethemlesslik ely to obscureany text atthetop of theregion. Thechange
canbeseenby comparingheoverviewsin Figures3 & 4.

3.1 Method

3.1.1 Participants

We used 24 participants, all with normal or corrected-to-normaision (self-
reported). 16 were male and 8 female,andthey rangedin agefrom 20 to 42. As
in thepreviousstudieshy others all of our participantdhadacomputingbackground
(the majority wereundegraduatestudentdn computerscience)andall considered
themselesto be experiencedVebusers.

3.1.2 Materials
The participantsuseda CompagiPAQ 376Q running Microsoft Poclet PC. The
answerpageswereall cachedon theiPAQ, sono network connectiorwasrequired,
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andthe experimentaltimings could not be affectedby network performance.We

generate@ questionpagefor eachtask,which presentedhe questionn a hyperlink
to the answerpage,with the original searchtermsgivenin italics below it (asin

Tablel). We alsogenerate@nadditionalpagefor eachparticipantwhich contained
onehyperlinkto eachof thequestiorpagesin arandomorder We useda stopwatch
to recordthetimetakento nd theanswerto eachquestion.

3.1.3 Design

As previously discussedwe chose6 taskswhere we expectedSearchMobilto

perform betterthan Poclet IE (Type X), and 6 wherewe expectedit to perform
worse(3 of TypeY, and3 of TypeZ). Becaus®f thisanticipatednteractionbetween
taskandinterfacetype, we useda between-subjectdesign(half of the participants
usedPoclet Internet Explorer alone, and half of them usedPoclet IE with the

SearchMobiloverview of the answerpage).All participantdid the samel2 tasks,
whichwerepresentedn adifferentrandomorderfor eachparticipant.

3.1.4 Procedue

After readingthe instructionsand lling in aninitial questionnairethe participants
wereshavn how to usethe Webbrowseronthe Poclet PC,andwerewalkedthrough
aninitial practicequestion. The participantswho were assignedhe SearchMobil
view weregivenan explanationof its featuresandwereshavn how to useit. Then,
all of theparticipantglid two morepracticequestion®ntheirown. The rst practice
taskwasof Type X, the secondof Type Y, andthethird of TypeZ.

In eachtask,the participantswvereattemptingto locatethe answerto a factual
guestion,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
pagecontainingthe answey andsaid "Go', promptingthe experimenteito startthe
stopwatch.Whenthey hadfoundtheansweionthepagethey said  Stop', andtiming
stopped.

They weretold to imaginethatthey hadalreadydonea Web searchto try to
answerthe question(using the query terms shavn on eachquestionpage,asin
Table 1), andthat the given pagewas one of the resultsof the search. They were
alsotold thatthe answemwasalwayspresenpnthegivenpage andthatevenif they
knew theansweralreadythey still hadto locateit onthe page.

If they wereunableto locatethe answerwithin 2 minutes,the experimenter
asled them to stop looking, and they moved on to the next question. In the
instructions,they were asked not to rushthroughthe task, despitethe time limit,
andto work at their normalWeb browsing speed makingsurethat they hadfound
theright answerbeforesaying  Stop'.

Whenthey haddoneall 12tasksthey lled in apost-experimentguestionnaire,
containingbothclosedandopenquestions.

3.2 Resultsand Discussion

Thedependentariablewastime thetime takenbetweertheparticipantsaying Go'
and"Stop'. Like mosttiming data,the distribution of this variablewas positively
skewed (with a long tail to the right), and we thereforeapplieda log transform
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Internet Explorer

40

------ SearchMobil

30

Time (seconds)

10
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Task ID

Figure 5: Theinverselog meantime for eachcombinationof taskandbrowvser 1 standarderrorof the
mean.

to it (asis standard)to make the distribution more normal, before carrying out
further analysis. In three casesthe participanthad not found the answerwithin
the time limit, andthesewere regardedas missingdata. We chosethe statistical
package5-Plusfor dataanalysisandusedits linearregressiorfeaturego construct
alinearmodel. Theresponse&ariablewaslog(time), andthepredictor(independent)
variableswere: trial (the sequenceaumberof thetrial, from 1 to 12), task(the ID
of the task, with 12 levels), browser (either IE or SearchMobil),and participant
(12 levelsfor eachbrowser asthe designwasbetween-subjects)Ve alsoincluded
theinteractionbetweertaskandbrowser

Then, we usedthe Analysis of Variance(ANOVA) function to extract results
from the tted model. We found that there was no main effect of browsertype
(F(1,238)= 1.26, p = 0.23); overall, therewas very little differencebetweenthe
two browsers,with a raw meanof 17.87seconddor Poclet IE and18.13seconds
for SearchMobil(the inverselog meanwas 14.37 secondsand 13.36 seconds
respectiely).

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
betweenbrowserandtask (F(11,238)= 3.83, p < 0.001). Thesedifferencesare
enumeratedn Table 2, andillustratedin Figure 5; in the following sectionswe
analysehemin moredetail.

Lookingatthequestionnaireesults for thestatementlt waseasyfor meto nd
the answergo the questions” participantsusinglE gave a medianagreemenscore
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| | X1 X2 X3 x4 X5 x6| yr Yy2 v3| z1 z2 73|

IE 9.67 252 127 9.67 183 181 | 825 293 183 | 958 31.2 243
SM | 642 188 197 792 139 11.2| 11.1 188 20.2| 983 36.1 47.6

Table 2: Rav meancompletiontimes(in secondsjor eachcombinatiornof taskandbrowser

Figure 6: The SearchMobiloverviews of the answerpagesfor tasksX3 (left) andZ3 (right), shaving
only the portionthatwasvisible without vertical scrolling. Again, therecommendedegion is outlinedin
red,with two yellow squaresn thetopright corner

of 3 (onascaleof 0-6,whereé is “stronglyagree'),while thoseusingSearchMobil
gave amedianscoreof 5. This differencewassigni cant (p < 0.05)in a Wilcoxon
rank-sumtest.

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

For the statement‘l thoughtthe Web browsing software was useful”, the
medianswere 4.5 and 5 respectiely, but this difference was not signi cant
(p=0.25).

3.2.1 TypeX

As we expected,SearchMobilgenerallyoutperformedPoclet InternetExplorerfor

thesetasks(wherethe answerto the questionwasin the sectionmarked as most
relevant). Task X3 is the only exception; Figure 6 shavs thatin 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
participantdid not seeit andclickedonthetop sectioninstead.

3.2.2 TypeY
We expectedthat SearchMobilwould perform slightly worse than Poclet IE for

thesetasks,becausdhe 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 answerwas quite far down the page),it seems
that SearchMobils term highlighting helpedparticipantsto nd the answermore

quickly. In pagesf thistype,the usershouldprobablybetakenstraightto a suitable
detail view, insteadof navigating via anintermediateoverview. In thefuture,asan

alternatve visualizationof pagestructure,suchdocumentsould be segmentedat

theparagraphevel.

3.2.3 TypeZz
Again, we expectedhatSearchMobilwould performworsethanPoclet |E for these
tasks.TaskZ1 wasrelatively easyin bothbrowsers becaus¢he pagewassmall,and
althoughin the SearchMobilview the answerwas not in the red-outlinedsection,
therewereonly threeothersectiongo check,all of which containedverylittle text.
TaskZ2 (whoseanswerpageis shavn at the bottomof Figure4) hada lot of
variability in performancean both browsers. With Poclet IE the answerwas just
belov the portion of the pagethat was initially visible, and so thosepatrticipants
who choseto scrolldown rst foundthe answelimmediately but thoseparticipants
who scrolledto theright rst tendedto have to look aroundthe whole pagebefore
nding theanswer With SearchMobilsomeparticipantguessedrom theovervien
displaythat the red-outlinedsectionwould not containthe answey andclicked on
the correctdetail region immediately while otherswentto the red-outlinedsection
rst, spendingsometime looking throughit beforereturningto the overview display
andtrying again.In thequestionnairemary participantcommentean thefactthat
they hadmadeuseof theirknowledgeof Webpagedesignconventionswhenlooking
for certaintypesof information.

Participant 18 (SearchMobil), describing his search strategy:
Addressesndthelik e usuallylocatedat edgeof page,solook there rst for
those.Othercontent,checkmainbody of page top to bottom,if information
not found, try anotherpart of the page. Very easyto move aroundthe
documentand focusin on particularsections. Having an overview, with a
little practice,allows you to guesswherethe contentyou wantmay be fairly
well — especiallyfor addressestc.

Therewas a lot of variability in performancewith task Z3, but only in the
SearchMobiliew, shavn ontheright of Figure6. Theanswempagecontainsatable
with threecolumnsand verows,andtheansweis in thecell atthebottomleft of the
table,but theinformationindicatingthisis in thecell to its right (asoutlinedin redin
the SearchMobiliew). The participantsusingSearchMobilthereforehadto notice
thatthe pagewasa table,andinfer thelocationof the correctanswey afterlooking
atthered-outlinedsection.Somedid thisimmediately andthereforeansweredrery
quickly, while otherswerepuzzledandspentalot of time clicking on all of theother
sections— this accountdor boththe poorperformanceandhigh variability.

Participant 14 (SearchMobil), describing his search strategy:
If the searchwords were quite speci ¢, look carefully in the box highest
recommendedIf they werent, look there rst but thenbackout quickly to
theoverall formatandguessvherethey would placethatinformation.
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Participant 20 (SearchMobil):
Occasionallyit would fragmentthe pagetoo muchsothata lot of repeated
zoomins andzoomoutswereneededo nd data.

4 Further Work

In selectingtasksfor this experiment,it wasmucheasierto nd thoseof Type X
thanof TypeY, and nding tasksof Type Z wasespeciallydif cult. We take this
as informal evidencethat the SearchMobilstrateyy is appropriateto the relative
frequenciesf thesedifferentpagetypes, but we planto carry out a more formal
suney of Web pagesn orderto investigatehis further,

We alsointendto carry out more userstudies,to test SearchMobils booklet
interface, and investigatethe trade-ofs of alternatve designsfor presentingan
overview of a setof searchresultson a mobile device (asin the work of Woodruf
et al. [2001] in the desktopcontect). For example,in this study the participants
always knew that the answerwas presenton the given page; in more realistic
searchaskstheuserhasto continuallymake judgementsboutthelik elihoodthata
particularpagewill yield usefulinformation,andit would bevery interestingio see
how well thedifferentinterfacessupportthis activity.

As well asone-of queries,SearchMobilcould alsoannotatgpageshasedon a
prede nedsetof topics of interestto the user[Graham1999], or a moreimplicit
indication of the users evolving interest,basedon his or her browsing path (as
discussedby Lieberman1997]andothers).

As analternatve to the yellow squaressearchtermscould be enlagedon the
overview, asin PopoutPrism[Suh et al. 2002]; thesewould have the advantageof
providing the userwith readablaext beforehe or shehasselectedaregion, but the
disadwantageof distortingthe pages appearance.

5 Conclusions

In orderto make optimum use of the small displayson mobile devices for Web
searchingit is necessaryo separat@verview anddetailconcernf thesearchask
into differentvisual renderings.We have discussedhreedesignsthat achieve this

in differentways. Smart\iew usesa compressedverview visualizationto facilitate
navigationto structurallysigni cant regionsof a page. SearchMobilannotateshat
overview to show thelocationof searchtermsof interest. The SearchMobibooklet
view presentsheoverview of asetof retrievedpagesn acacheprderedaccordingo

relevance.As with all overview plus detail visualizationsthesesolutionssuit some
tasksand information structuresbetterthan others. Our evaluationhascon rmed

this dependeny, andhighlightsthe kind of tasksthat SmartMew and SearchMobil
canfacilitate.
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