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ABSTRACT

PagelLinkeris a browser extensionthat contextualises
navigation by linking web pagestogetherand allows
navigationthrougha network of relatedweb pageswithout
prior planning.The designis basedon extensiveinterviews
with biologists,which highlightedtheir difficulties finding
previouslyvisited web pages.They found currentbrowser
tools inadequateresultingin poorly organisedbookmarks
andrarely usedhistory lists. In a four-weekcontrolledfield
experiment,PageLinkersignificantly reducedtime, page
loads and mouseclicks. By presentinglinks in context,
PageLinkeifacilitatesweb pagerevisitation,is lessproneto
bookmark overload and is highly robust to change.
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INTRODUCTION

The World Wide Web has expandeddramaticallyin the
pastdecade with hugeincreasedn the numberof users,
web pagesand complexity of content.Unfortunately,at the
level of userinteraction,web browsershavenot kept pace.
Early useraids for finding previously visited pages.e.g.,
bookmarksand history, have evolved little since their
introduction in the early 19900s[3]. Even though
revisitation accountsfor half or more of visited pages
[6,9,25] studiesshowthat revisitationtools arerarely used
[6,2527].
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We havebeenstudyinga particularly web-intensivegroup
of users,researchbiologists, who have reorganisedheir
work around the internet. They treat the Web as an
enormous,constantly searcheddatabaseand also as an
analysistool. They repeatcollectionsof tasks,revisitingthe
same sets of pagesover and over again, browsing
sequentiallyand in parallel as they analysedatasetsand
pursue hypotheses.Unfortunately, their improvised,
fluctuating workflow is often poorly supportedby the
websitesthey use. The data pagesthey seekmay require
long navigationpathsthroughhugehierarchicaldirectories,
and are unlikely to contain direct links to the analysis
programsthey will apply to this data.For them, as others,
bookmarks and history pages are insufficient.

How canwe facilitate pagerevisitationtasks?Automation

tools that allow usersto build and play commonscenarios
offer one solution. Howeverthey usually requiretoo much

advanceplanning:Biologistsmustrethink their workflow at

each navigation step and each decision dependsupon

multiple situatedfactors [23], including time available,
knowledgeof serverloadsor difficult-to-articulatefactors
such as oneOséntuitions aboutwhethercertainresultsare

OnormalQvisualisation tools that graphically illustrate

previousnavigationstepsare anotherpossibility. However
theserequirea greatdeal of screenreal estateand focus

attention away from the primary navigation task.

Basedon theseproblems,observedwith currentbrowsers
and other navigationtools (visualization,automation) we
developedPagelLinker,a browser extensionthat allows
usersto contextualisetheir navigationby associatingveb
pagestogether,i.e. to createand presentlinks only on
specific pages or set of pages.

We describeour preliminary study of biologistsat several
researchinstitutions,with insightsgainedfrom interviews,
observationsprainstormingsessionsand workshops.We
then discussimplications for the design of contextual
bookmarks,including a review of the relevantliterature.
We next presenthe evolutionof PageLinkeranddescribea
controlledfield experimento evaluatet. We concludewith

an analysisof the resultsanddiscussmplicationsfor future
research.



PRELIMINARY STUDY

We havebeenworking closelywith researctbiologistsfor
the pasteightyears[15] in a variety of participatorydesign
projects.Although not necessariljcomputerprogrammers,
thesebiologistsare highly experiencednternetuserswho
havemodified their work practicesto takeadvantagef the
wealth of biological dataand analysisprogramsavailable
on the web. This study reported here focuseson the
problems they face when navigating the web.

We selected20 biologistswho had recently usedon-line

biological dataand analysisprogramsas an integral part of

their researchWe conductedvideotapednterviewsin their

labs and askedthem to replay, with their own data, their

latestanalysisusinga web application.We alsoaskedthem
to searchfor specified information in their research
institutionOnline documentationWe useda talk-aloud
protocol, asking them to explain their choicesand what
botheredthem, as they performedthesetasks. We also
organiseda video-brainstorming[19] workshop that
focusedon organisinganalysisworkflows, either by using
andpossiblyediting history dataor by assemblinganalysis
resources on the Web.

lllustrating the navigation problem

The following scenarioillustrates a typical navigation
sessionfor a biologist studying a protein. Ann needsto
explore alternativehypothesesefore conductinga time-
consuminglab experiment.Shebeginsby collecting data:
From the Biology departmentOsomepage she follows
links to the proteindatabas@age.Unfortunately,it doesnOt
offer links to relevantanalysistools and shemustbrowsea
huge,hard-to-navigatdierarchicaldirectorywith hundreds
of links spreadover many pages.Sheeventuallyfinds the
relevantpageand checksthe researchliiteratureto seeif
similar forms of the proteinappear.Shethenlooks for the
protein sequencén two different databaseso find out if
different DNA sequencesre associatedvith the protein.
She encounterancompatibledata formats, forcing her to
transform the data before using her chosen analysis
protocol.

The lack of relevantlinks in the data pagesmakesit

difficult for Ann to move from one stepto the next. Even
when shedoesfind appropriateonline resourcesshe has
trouble keepingtrack of them. Severalweekslater, when
shedecidegto analysea new setof data,shehasto recreate
her initial searchprocessin orderto find the samepages
again.Like othersin our study,Ann rarely usesbookmarks
or history pages,and insteadrelies on Post-it? notes,e-
mail and search engines to find previously visited sites.

Observations
Severalrecurrentthemesemergedrom our interviewsand
the workshop on online data management:

Habits: Most biologists:
¥ havebookmarksbut often preferto usesearchengines,
email and physical Post-it? notes;

¥ reachpreviouslybookmarkedsitesvia searchengines,
because their bookmarks are difficult to browse;

¥ save temporary results or alternative data formats; and

¥ rarely customize web forms, even when possible.

Softwarestrategies:Biologists are conservativesoftware
users.They prefera stableand predictableset of tools [18]
and tend to use techniquesthey already know rather
learning a new, potentially better one. Most stay with a
singleWeb serverif it providesall thetoolstheyneed,even
though better tools might exist on other servers.Most
biologists are usually skeptical of pipelining and
automatiortools that supportbiological protocols,sincethe
learning curve is often steepand the benefitsare usually
limited.

Interaction: Biologists' purposesand procedureschange
rapidly. Unlike programming,constructinga biological

online protocolis not fully algorithmicandrequireshuman
judgmentalong the way. Biologists checkthe accuracyor

significanceof resultsanddecidewhetherandhow to carry

out an analysis using complex criteria that would be

difficult to automate.A biologist might decide to use
differentprocessesproceedwith full dataor extractsubsets
dependingupon on the characteristicof the dataand her

current research goal.

Equivalent objects: Data formats are often incompatible:
the output of onetool may not be interpretableasinput by
anothertool. Biologistsarethusforcedto edit intermediate
resultsand end up managingcollections of OequivalentO
data objects, including:

¥ same data in different formats needed by different tools
¥ different versions of the same data, e.g., two versions
of an annotated genome.

Data flows: Biologists creatediversedataflows, piping the
outputof one programinto anotheraswell asreformatting,
transforming,filtering and extractingdata[22]. They use
copy-pasteo chainthesesteps,which is not supportedby
automatedtools. Like Tauscher& Greenberg[25], we
found that they preferredto replaya pathratherthanusing
history to access a specific page.

Related work

Our observationgnatchfindings in the researcHiterature
with respectto re-visiting web pagesand recordingand
connecting resourcesover the internet. Tauscher &
Greenberglefinethe Web asa Orecurrergystem@24] and
reportthat 58% of pagesarerevisited.Weinreichet al. [27]
reported46% and Cockburn& McKenzie[9] reported81%
in their respective studies.

Unfortunately, the history and bookmarks mechanisms
providedby browsersarenot sufficientto supportweb page
re-visitation[6, 25, 27]. Web browsersprovide both short-
term (back and forward buttons)and long-term history
mechanismgglobal history lists). Although back is used
relatively frequently (14% of navigationactions),global



historylists arerarelyused[6, 7, 24], only about0.2%of all

pagerequestg27]. Storedhistory information is usually
very limited, capturingonly the lasttime (and possiblythe
first) a URL wasvisited. This makesit difficult for usersto

find a pageaccessedrom a well-known site at a specific
date.For example,if a biologist follows a paththrougha
seriesof websitego fulfill a protocol,andoneof thosesites
is visited later, the earlierpathwill nolongerappeaiin the
history file.

Studiesof navigationpathsshowthat bookmarksare not a
panacedor solving the problemof pageaccesq1]. The
changingnatureof the web and users@hanginginterests
[20, 25] often causeclassificationand relevanceproblems.
Pagetitles areoften obscureor too long to be displayedin a
menu[20]. Bookmarklists tendto grow over time asusers
add new pages without removing unused ones [9],
providing Oneithera reminding function nor a contextof
relevanceO[13]f usersdo not constantlyedit and prune
their lists, they end up with inappropriateand uninteresting
URLSs, little better than no bookmarks at all [24].

Graphs of navigation history provide an alternative to

history lists [12], situatingcurrentactivity within previously
used paths. However, graphsrequire additional screen
space and force usersto shift betweentheir primary
browsing tasks and a secondarylocation task. An

interesting alternative is WebView [8], a browser
enhancementhat integratesseveralrevisitationcapabilities
into a single display, resultingin a compactrevisitation
tool. While WebView is promising, it focusesmainly on

providing a better interaction with the global history.

Another trend in revisitation tools is to automate
navigation.However,the instability of the Web introduces
problems:changesn pagecontent,URLs, anddataformats
can Obreak@rmerly correctautomationsequencesOther
commonproblemswith automatingcomplexworkflows are
the lack of transparencyas userssearchfor the causeof

unexpectedesults,and the lack of interaction,whenthey

need to explore possible changesto a sequence.For

example,one biologist commentedhat he Oneedso redo
the protocol step by step becausehereis no convenient
way to accesghe problemsourcedirectlyO The processof

navigating through various websitesacquaintsbiologists
with change®n the server,new programsandnew layouts
that might provide easieraccessto some pages,helping
themto gatherknowledgeabouttheir virtual environment.
Teevanet al. [26] argue,in anothercontext,that directed
situatednavigationreduceghe quantity of informationthat
usersneedto specifyand providesthe contextthey needto

help them understand the results they obtain.

Initial design choices

Basedon our interviews and insights gainedfrom earlier
studies[15, 16], we decidedto focus on supportingthe
biologists@rocesof analysingweb-basediata.We wanted
to createa tool thatfit with their existingwork patterns;so
they could usefamiliar work practicesand their own data

and not be forced to add additional tasks. We basedthe
designon our observatiorthat biologistsusecopyto extract
data from one web page and pasteto enterit into an
analysisform?, thusidentifying which pagesmakesenseto
link together.

We selectedhe Firefox web browserbecausét is available
on Mac OS X, Linux, and Windows and was alreadyused
by half the biologistsin the study. Installing a Firefox
extensionis easy:usersneedonly click on the link of the
extensionthey want to install. Firefox canalsotrack copy
and paste events, making it possibleto automatically
generatethe links we observedabove.PageLinkertakes
advantageof this functionality and allows users to
contextualisetheir navigation,automaticallylinking web
pagesasthe biologist cuts and pasteshetweenthem. Later
versionsof Pagelinkeralso allow usersto createthese
contextual bookmarksmanually and offer feedbackby
showing the most recently created link in the menu.

ITERATIVE DESIGN OF PAGELINKER

Phase 1: Initial implementation

The first versionof PagelLinkerfocusedon creatinglinks
invisibly, basedon the userOsut, copy and pasteactions.
PageLinkeroverridescopy, cut and pasteevents:When a
copyor cut eventis detectedit recordsthe page(title, URL,
anddate)and,assoonasa pasteeventis detectedcreatesa
link betweenthe two pages.The copy(or cut) pagethus
pointsto the pagewherethe pasteoccurred.Our interviews
and workshopsindicatedthat biologists rarely use output
datafrom one pagewhenthey needto fill outa newform.
Instead, they usually edit the data, either to address
incompatibledataformatsor to refine their requestWe link
the pageof the mostrecentcopy eventto the currentpaste
page,without consideringthe contentsof the clipboard.We
canthus accommodatehe OequivalenbbjectsGnentioned
earlier, wherethe physical dataformatsare different but,
from the biologistOs perspective, the content is the same.

PageLinkeruses XUL, JavaScriptand RDF%. The new
definitionsof copy, cut andpasteitemsfrom the menusare
implementedwith XUL, an XML-basedlanguageusedto

defineinterfaces.JavaScripthandlesuserinterfaceactions
and managesdata. We override the clipboard shortcuts
eventsby grabbingCtrl-C/X/V on Windows and Linux or

Cmd-C/X/V on Mac OS. We use RDF to implementfile

recordingof contextualbookmarks.A collection of RDF
statementgepresents labeled, directedgraph. Figure 1

showsthe graphillustratinga link betweertwo pagesEach
pageis a nodepointing to the pagesit is relatedto. Since
RDF allows only simple orientedgraphs,our structureis
redundant for bi-directional links.

! We usethe term form to refer to pagesthat require the

user to enter data. Some of these forms also generate data.

2 See: http://developer.mozilla.org/
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Figure 1: Graph outline of a link between the GENSCAN
results (copy) and the BLAST form (paste).

Eachpagepointsto its descriptorse.g., titte and URL, as
well asa copynodeanda pastenode.The copy nodepoints
to the list of pageswheredatawas copiedfrom the current
pageand the pastenode points to the list of pagesfrom

where datawas pastedinto the currentpage.The RDF is

queried through a template-basedrequest language
supportedby XUL in order to map the contextual
bookmarksdisplay and the RDF file. When the RDF is

modified, its correspondindJl components automatically
updated.

How do we decidewhich part of the URL to use?If we use
the entire URL, the resultis too restrictive:we geta large
numberof pageswith only minor variationsamongthem.If
we usethe root URL, i.e. the main site at the top of a
hierarchyof web pageswe only getthe main site andlose
all of the interim searchingthe userhasdone.PageLinker
usesthe full URL, minus the query string. The resulting
contextualbookmarksare specificto a particularweb form,
rather than a particular result or the whole server.

Iterative design based on user feedback

PageLinkerwas created using a participatory design
procesgogetherwith biologistsat the Institut PasteurWe
testedthe first version,PageLinker0.1, with six biologists
who installed it and provided constructivefeedbackvia
interviews and direct observation We chosethe simplest
design possible:links were basedon invisibly-captured
copy-pasteeventsand usersinteractedwith PagelLinkeria
the Shortcutamenu (Figure?).

File Edit View Go Bookmarks Tools Help |Shorcuts |
@- g @ | 2 nttpe g nebinim | SEMSCAN

SpliceView - Splice Prediction using Consensus Sequences

GENS CAN Epliceview - Splice Bra:

about:config & NCBI Sequence Wie...

j packaging extension

Muclentice Structure

Search | PubMed ~| for Go Clear

Limits Preview/Index History Clipboard

Figure 2: Shortcuts contextual menu (PageLinker 0.1)

Overtime, usersfound that obsoleteitemshadendedup on
the Shortcutsmenuand askedus to removethem. At this
point, some usersdiscoveredhow to use Pagelinkerto
manually add links betweenpages,an exampleof co-
adaptivebehavior[17]. They usedthe Ctrl-C and Ctrl-V

shortcutson pageswithout entry forms, for example,
betweenone pagewith pressreviewsandanotherwith the
referencednewspaperarticles or betweenan application
form and the relevant documentation page.

Although usingcontrol-keyswasfine for someusers,others
requestedh more convenientinterfacefor manuallylinking
of contextualbookmarks.Severalpeopleliked the concept
but found it annoyingto copy-pastewhen it was not
requiredfor the task at hand. They commentedthat they
would decideto link backto a previouspageonly after they
had successfullyidentified an interestingsubsequenpage.
Using the copy-pastetechniquerequiredreturningto the
previous page and generated meaningless extra actions.

Based on this feedback,we conducteda participatory
designworkshopto explore simpler ways to createlinks
betweenpages.We worked togetherwith the biologiststo
createvideo prototypes[19] that envision scenariosfor
linking to a desireddestinationfrom a previouspage.We
createdprototypesof three linking strategies:via open
pagesor tabs,via the last visited pageand via the global
history.

PageLinker0.2 implementedall threemethods We addeda
link to menuto the toolbar (Figure 3) that presents list of
all the browserOspenweb pages(both on tabsandin other
windows)andthe sevenmostrecentlyvisited websitesfrom
the global history. Links are sorted by time, similar to
Firefox's Go menu. Selectingany of thesecreatesa link
from that page to the current page.

PageLinker0.2 alsocreateda reverselink, from the current
pageto the one just selected We reworkedthe Shortcut
contextualbookmarksmenuto separatdinks by direction.
Onelist presentdinks to the currentpage(eithervia copy-
pasteor direct selection).The otherlist presentdinks from
the page.Links on both menuswere orderedby recency.
Basedon userrequestsye alsoaddedthe ability to deletea
contextualbookmarkby right clicking on the corresponding
menuitem. After one week of use,userssaid the link to
menuwas too complexand redundantBidirectional links
presentedin two different menuswere also too heavy-

weight and users did not notice they that could delete them.
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Bioinformatics: Biology
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Sequence formats conversions
Sequences Alignments and Comparisons
Phylogeny

Search Genes and Coding Regions

Georgia Institute of Techn

GeneMark: Mark Borodow:

Figure 3: Linking menu prototype (PageLinker 0.2)



PageLinker0.3 simplified the linking menuto include just
the last visited pages.We also classified bidirectional
Shortcutsby order of recency.Finally, we integrated
contextual bookmarksand linking via the bookmarks
sidebar(Figure 4). Most usersquickly beganusing the
bookmarksidebarinsteadof the menu.Theyfoundit useful
to have their contextualbookmarksvisible immediately
uponchangingpageswithout needingto click on the menu
list, since contextualbookmarkschangefrom one pageto
the next.

We usedPagelinker0.3 for thefield experimentdescribed
in the next section). After the experiment,we released
PageLinkerl.0 which included a minor modification: To

avoid confusionbetweenthe contextualbookmarkdlist and

the linking list, we convertedthe link to list into a menu.
Table 1 summarisesthe four versionsof PageLinker,
including the typesof links, how contextualbookmarksare
created and how to access PageLinker.

P“ NCBI Sequence Viewer v2.0 - Firefox
File Edit View Go Bookmarks Tools Help

<3:| @ @ Ij’;\[ | = http:/pwww.nchinlm.nih govientrezpviewer fegizdb=Nucleotid H:|
Google Annuaire INRA |PB MySQqL silice PostgreSqL silico Transcriptormigue
Bookmarks
search: | |
# [ Biblio Bio-Info
# [ Logiciels Bio-Info Search | Muclectide ~| for
# [ Sites Bio-Info Limits Preview/index Histary
# [ Philogene
Formulaire Seqweb Display | GenBank ~| Show |5 ~||sendte -
t d
genetic tode Range: from |begin to |end Reverse compl

Sigma-Genosys - -
Rés. Matl Genopoles

Glossaire Biochimie
lle de Science

Links
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Contains part of the ASTNZ gene for astrotactin 2
TRIM32 gene for tripartite motif-containing 32, ar
complete sequence.

ACCESSION  AL133234

VERSION AL133284.13 GI1:8217432

KEYWORDS HTG; ASTNZ; astrotactinz; HT2A: KIAAQG34; TRIM3Z.

SOURCE Homo sapiens (human)

ORGANISM Homo sapiens

Eukaryota; Metazoa; Chordata; Craniata; Vertebrats
Mammalia; Eutheria; Euarchontoglires; Primates; He
Catarrhini; Hominidae; Homo.
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Figure 4: First side-bar prototype.
PageLinker 0.3 presents links to the left of the main window.

EVALUATION

Evaluating history-basedools such as PagelLinkerposes
interesting methodologicalchallengeswith respectto
validity [10]. We considered the following possibilities:

1. A laboratory experimentis easiesto control but poses
externalvalidity problems.Our fieldwork indicatedthat
biologistsOnavigation and bookmarking behavior on
unfamiliar taskswith artificial datamight differ greatly
from their behaviorwith familiar data and resources,
making the resultspotentially meaninglessAlso, users
cannotfully leveragetheir personalknowledgein a lab
experimentor takeadvantagef their episodicmemory.
We arealsointerestedn gatheringrealisticadoptionand

Ver Link type Creation Access
0.1 directed, not Menubar
. Cut/copy paste

suppressible popup
0.2 Cut/copy paste
bidirectional, Menubar
. Menubar popup
suppressible popup
(open & last 7 pages)

0.3 { pidirectional, copy/cut-paste Bookmark
suppressible, list last-visited pages list via
always visible in Bookmark sidebar sidebar

1.0 bidirectional, copy./cut-paste Bookmark
suppressible, | POPUP via Bookmarks |I_St via

| isib| sidebar shows last sidebar
always visible visited pages

Table 1: Four versions of PageLinker .

usage data for PagelLinker: not only measuring
performanceadvantagesif any, but alsoobservinghow
userbehaviorevolvesover time andwhetherusersmake
the tool part of their repertoire.

2. An uncontrolled field study hasgreaterexternalvalidity
but is very difficult to control. Longitudinalfield studies
require extensivelogging and extensivedata analysis,
especially if the participants' environmentis not
modified. Long-term monitoring also raises serious
privacy issuesand risks interfering with biologistsO
confidentialityagreementd-or example,somebiologists
askedus to stop recordingduring the interview if they
thoughtwe might seeconfidentialdata. Thesebiologists
would not havebeenwilling to participatein long-term
automaticrecordingof their activities. Biologists also
alternatebetweenperiodsof intenseon-line dataanalysis
andperiodsof laboratoryresearchAt any pointin time,
individuals may be out of phasewith each other,
dependingupon who is writing a paper, running an
experimentor analysingdata.This diversity complicates
any comparisonsand analysis of activity logs. For
example,jt would be difficult to tell, for any onesubject,
whether a decreasein pages visited was due to
PageLinkeror an overall changein researchactivity. It
would also be difficult to comparepeoplewho were at
different phases in their work.

3. A limited time-series field experiment (or quasi-
experiment [10]) offers the optimal compromise with
the externalvalidity of a field study and most of the
control offered by a laboratoryexperiment.Becausewe
wish to comparePageLinkerQsavigationperformanceo
existingbrowsersjt makessenseo alternatePageLinker
with the userOsisual browser. This allows us to track
changesin use over time, basedon realistic tasks
performedin the userOseal work setting,togetherwith
their existing bookmarks and other revisitation
techniques.We chose this third option to evaluate
PageLinker.



Method

Participants

Twelve biologists or bioinformaticians(9 men and 3
women between20 and 40 yearsold) working in four
researchinstitutes (Institut Pasteur,GZnopole,UniversitZ
Paris5, INRA) participatedin the study.All were Firefox
userswith browsingandbookmarkingexperienceTwo had
also participatedduring the participatory design phase.
(Post hoc analysisdid not show significant differences

between their results and those of other study participants.)

Apparatus

Hardware: Participantsusedtheir usualbrowserwith their
own bookmarksand history, on their own system:5 Mac
OS X users, 4 Windows users and 3 Linux users.

Software and logging: We used PagelLinker0.3 in the
experimentand Navtrace? [21], a standard Firefox
extensionthat logs userinteractionswith the browser,to
recorduseractivity in both conditions.Navtracerruns on
any version of Firefox (from 1.0 to 2.0) and could be
installedanddisabledrapidly in eachuser'sbrowserwithout
requiring specialknowledge.This allowed us to minimise
disruptions and let participants continue using their
standarcdbookmarks history and otherFirefox extensionsn
both conditions in the evaluation.

To protectprivacy, the extensiondoesnot begin logging
automatically.Rather,userspressa start buttonaddedto a
Firefox window and fill out a form describing the
experimentalcondition. This gives usersfull control of
logging: they canpauseresumeor stopat any time. When
Navtracerwas first installed, we showedusershow to
enableanddisablelogging andwherethe CSV log file was
stored.They were invited to deletethe file or modify its

contents if they had concerns about what had been logged.

The extensionregistersvariouseventhandlersto detectthe
openingor closing of tabsand windows and the acquiring
or loss of focus. It also tracksweb-pagechangesand the
relations betweenthem via the page referrer. Switches
betweendocuments(windows or tabs)are also recorded.
Eventhandlersappendog datato a plain text file storedin

the user'sprofile folder. Timestampsare systematically
addedto everyrecord. Navtraceralso logged PageLinker
events such as link creation and usage of created links.

Scenario design
The experimentscenariowas basedon our observationof
common tasks and navigation patterns, including:

¥ Search: web searchengines, biological databases,
directories

¥ Parallel exploration:same analysis with two programs

¥ Results comparisorsame analysis with two programs

¥ Analysis: visual scanof resultsto checkvalidity and
pertinence

? http://navtracer.mozdev.org/

¥ Biological links directory:scanning for options
¥ Repeated pathaccess the same page

We createda scenariowith five relatedsubtaskgFigure5)

with the aid of two biologistsfrom the sameenvironment.
The scenariohad to be shortenough(betweenl5 and 20

minutes)so that it would not be too time consumingfor

participants,but still be representativeof their tasksand
understandabléor everyspecialty.The five tasksillustrate
aspectf web navigationpresentedabove.The scenarias

openand participantswere encouragedo usetheir usual
websitesto performthe tasks.The websitespresentechere
werethe mostcommonlyused takenfrom differentservers
to illustrate the resourcediversity faced by biologists.The
five tasks are:

1: Database search: Find the genecorrespondingo human
muscular dystrophyand choosethe nucleotidesequence
attached to the TRIM32 gene (usually used N{LBI

2,3: Parallel exploration: Analysethe nucleotidicsequence
with two differenttools, e.g., Genscahand Genemarf to
predict what the peptide sequence would be.

4: Comparison: Comparethe two predictedsequences.g.,
using bl2sefjto check if predictions are reliable (result R1).

5: Analysis and visual scan: Analyseone of the predicted
peptidesequenceso find regionsof local similarity with
othersequencewith Blasf (resultR2). The goalis to find
speciesother than homo sapiensthat expressthe same
proteinwith a high degreeof confidenceandareinteresting
for researchers looking for a related analysis or literature.

NCBI Genemark blzseq Blast
1 2 4 =]
P g T,
NS :
Oi.mm nND—)O OR funnernnd )O
Rl R2
P g Y RS-
NS
Genscan

3
Figure 5: Scenario structure: Task 1 is performed first,
followed by tasks 2 and 3 which are often performed in
parallel. Task 4 is possible only after tasks 1-3 are complete
and produces R1. Task 5 may be conducted independently
after tasks 2 or 3 and produces R2.

Procedure
We used an ABAB within-subjects design, with one factor:

FireFox: Firefox browser with logging
PagelLinker: Firefox browser with logging and PageLinker

* http://www.ncbi.nlm.nih.gov/

® http://genes.mit.edu/GENSCAN.html

® http://exon.gatech.edu/GeneMark
"http://bioweb.pasteur.fr/seqanal/interfaces/bl2seq
8 http://www.ncbi.nlm.nih.gov/BLAST/Blast.cgi



Users alternated between the Pagelinker and the
unmodifiedFirefox conditionsat one-weekintervals.Users
kept their history, standardbookmarksand other Firefox
extensionsvhenchangingconditions.This allowedthemto
work with their own real datasettingsinsteadof an empty
initialized browseror one with artificial bookmarksand
history the user was not familiar with.

Our goal was to collect data over long periods without
extensivelogging, sowe sampledheir navigationby taking
a snapshobf the stateof their bookmarksand askingthem
to follow the five-task scenariodescribedabove. Full
counterbalancingf tasksacrosssubjectsis impossible,
becausePageLinkerrequiresa first visit to websitesto
createthe contextuallinks. (In otherwords,the unmodified
Firefox condition must be run first, for all subjects.)We
usedan ABAB procedurerepeatingeachconditiontwice,
to dissociatelearning effects as much as possiblefrom
improvements due to PageLinker.

During the evaluation,eachsessionvas separatedrom the
next by an interval of at leasta week. Basedon our
previous observations,it appearedthat seven days,
including a week-end, should be long enough for
participantgo partially forgetthe exactdetailsof whatthey
had done during the previous session.This reducedthe
learning effect and is also representativeof biologist's
typical behavior:They frequentlyperform a seriesof tasks
for one purposeandthenrepeatit after daysor weeksof
performing other tasks.

One experimentewisited eachof the participantsin their

lab oncea weekfor a month.During eachvisit, participants
were askedto perform the samescenario.ln the first

session, we introduced PagelLinker and invited the
biologiststo useit freely until they felt comfortablewith

link creationand use.This training period lastedbetween
10 and 15 minutes.We first showedparticipantshow to

createlinks either by copy/pasteor the menulist. They
werethenfreeto try creatinglists betweenany pagesthey
liked. We finally askedthem to determinepagesthey
thought were relatedto each other and to createlinks

betweenthemusingthe two techniquesin casetheyhadno

idea of what to link, we suggestedhat they createlinks

betweenpagesthey hadvisited during a recentbreakso as
to avoid conflicts with our scenario.(Note: This occurred
primarily duringthe first sessionwith a few biologistswho

had not done this type of analysis for a long time.)

The experimenterthen presentedthe standardscenario,
explainingits biological purposeandthe necessargtepsto
achieveit. During this phase we avoidedmentioningany
particularonline tools and encouragedarticipantsto use
their favorite applications,portals or searchengines.Our
only guidanceconsistedf remindingthemof the nexttask
after they completedthe previousone. Tools and portals
were only suggestedf they did not know what software
wasappropriatdor a taskor if their usualapplicationserver
wasdown. (Note: The serverwentdowntwice in the course

of the month-longstudyandran very slowly approximately
once per participant.)

The PagelLinkerextensionremainedinstalled during all

phasesof the study, but was invisible to usersduring the
Firefox-only conditions.In the latter case,it simply logged
the creationof links betweenpagesvia copy/pasteas a
conventionalhistory tool. To protectprivacy, we disabled
the logging extensionafter eachsession.We also asked
usersif they wanted PagelLinkerto be disabledbetween
sessionsAll decidedto keepit. To avoid interference
between contextual bookmarks created during the
experimentand non-experimentphases,we stored the
contextual bookmarks in different files.

Predictions and Hypothesis

Basedon feedbackfrom our first field releaseand our
personaluse of the extension,we predictedthe following

results:We predictedthat PageLinkemwould generatdewer
pageloadsand fewer clicks per task and reducetime spent
on eachtask. We also predictedthat with PageLinkerthe
majority of links would be createdon the first visit to each
relevantwebsite.Sincewe hadinteractedwith the usersand
iteratively respondedo their requestsduring the designof

the tool, we also expectedour participantsto be mostly
satisfiedwith the designandinteractiontechniqueaisedin

the main experiment.

RESULTS AND DISCUSSION

Quantitative Results

PagelLinker performed significantly better than the
unmodified Firefox browserwith respectto the following
dependent variables (Figure 6):

¥ task completion time was 28% shorter (p<0.01)
¥ 22% fewer clicks occurred (p<0.01)
¥ 38% fewer pages loaded (p<0.01)

Time spent by session Number of clicks by session Page Loads by session
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50 -7 0 g2z
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Figure 6: Evolution of time, clicks and page loads over
sessions. Columns 1 & 3 are Firefox only, columns 2 & 4 are
PageLinker.

If we focusmorespecificallyon the limited time serieswe
observethe samepatternfor clicks andpageloads,although
the differenceis only significant for the numberof page
loads.The decreasechumberof pageloadscorresponddo
the biologist seeing38% (p<0.05) fewer pagesduring a
typical day. Althoughthereis anoveralllearningeffect,i.e.
biologists becomemore efficient running the tasksin the
scenario over time, there is also a strong effect of



PageLinkerColumnstwo andfour (PageLinkerconditions)
are always more efficientthan columns one and three
(Firefox-only conditions).

The overall numberof links createdis not significantly
different over the four sessionsA meanof 20 contextual
bookmarkswere createdduring the first sessionand 12

during eachother sessionParticipantsneverhadtoo many
contextual bookmarks,with the correspondingrisk of

overload.This is becausehe useof contextualbookmarks
increasedinearly with the numberof createdlinks F; ;1=

8.73, (p<0.05). In summary,theseresults suggestthat
PageLinker actively facilitates page revisitation:

¥ Fewer page loads shows that users visited fewer search
websites and transition pages,

¥ Fewer clicks shows they used fewer transition pages, and

¥ Fewer pages seen shows they took les time to complete
the five tasks of the scenario.

Qualitative Results

The participants@sepatternsin the Firefox-only condition
were very similar to thosewe saw in the earlier design
phase.For example,they used directoriesof biological
resourcedo find links to on-line programsand said that
they usually preferredto usesearchenginesto find a link,
evenwhen they knew that they had a bookmarkfor that
particular page.

We observedseveralwaysthat Pagelinkerassistedisersin

their work flow. When interruptionsoccurredduring the
evaluation,suchas peopleaskingquestionscoffee breaks,
and phone calls, PagelLinker helped them reorient
themselvesvhenthey returnedto their task. By seeingthe
links to and from the pages participantscould more easily
remembemwvhat they were doing and what their goalshad
been.We alsoobservedhatit helpedusersin caseof server
slowdown or breakdown.They beganto keep alternate
links to the sameprogramon different servers,something
they neverdid with standardbookmarksbecauset would

have generatedan unacceptablylarge number of

bookmarks.Unlike automationtools, PageLinkeris robust
to changesdn internal pagestructure.The simplicity of our
solution allows easy re-linking whenevera website's
structure changes.

Limitations of the Experiment
DissociatingPageLinkereffects from learning effectsis
complexwhen interpretingthe time spenton the scenario
and the numberof clicks. Time is highly correlatedwith
external factors, such as the current server load. For
example usersmay wait morethanfive minutesfor a Blast
result from the NCBI if the servers are heavily loaded.

Another potential problem is assessinghe correlation
betweenthe numberof contextualbookmarklinks andtheir
use. Perhapsa month-long evaluationis too short to
overloadthe contextualbookmarksmenu.We expectthat
the recencyclassificationwe use,which only showsthe

mostrecentlyusedlinks, shouldreducethe overloadeffect,
but we would need a much longer study to find out.

Finally, PageLinkercanonly reducehyperlinksclicks, not
the clicks neededo fill in forms. Neverthelessthe logger
countedall clicks indiscriminately,whetherthey occurred
on links or on forms. PageLinkerthusaccountedor only a
small percentageof the overall numberof clicks and the
reduction was indistinguishable from noise.

Three-Month Follow-up

After the evaluation,we releasedPageLinkerl.0 which
modified how contextualbookmarksare created.Figure 7
shows that théink to list has been changed into a menu.
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Figure 7: PageLinker version 1.0.

Threemonthslater, we sentthe participantsa questionnaire
(Table 2). Of the 12 participants,two had changed
institution anddid not answer two had changedbrowseror
workstationwithout re-installingPageLinkerand eight still
usedPageLinkerThekey questiondn the questionnairare
presented in Table 2:

Question Mean SD
How usable is the link creation? 4.33 0.87
How usable are the created links 4.44 0.73
How useful are the links created? 3.56 1.24

Table 2: Responses to the questionnaire using a five point
Lickert scale: 1 =not at all, 5 =very.

Participantgeportedtwo primary usesof PageLinkeiin the
monthsfollowing the field experiment.The first is similar

to that describedin our scenario,in which userscreate
chainsof web pages,applying resultsfrom one pageto

subsequenforms. The second,more frequentPageLinker
useinvolves creatingrelationsbetweenweb pagesthat the
usersnavigatefrequently.We call this fuzzy grouping:the
pagesare relatedto each other without the hierarchical
order imposed with regular bookmarks or other link

organiserslf the user'sareaof interestchangesslightly and
they visit new sites, they simply add a few links to the



pagesalreadylinked to them and forget about obsolete

links.

CONCLUSION
We beganby addressinga specific problem faced by

biologists:linking dataoutputpagesto dataanalysispages.

After we releasedthe first version of PagelLinker,users
appropriatedt, thusrevealingthe needfor a more general

contextualbookmarktool. Userssoughtwaysto associate

pairs of web pagesand thus facilitate future navigation
within groupsof previouslyvisited pages.Our studieswith

biologists demonstratedthat PagelLinker'scontextual
bookmarksimprove web pagerevisitationand that, unlike
history and bookmarksmechanismsthey are lessproneto

information overload. The philosophy of letting users
handletheir links allowed the tool to be both simple and
robustto changesn Web contentand userpracticesThree

monthsafterthe study,at leasttwo-thirdsof the participants

were still using PageLinker.

Contextualbookmarksdisplay links to otherpagesrelevant
to the user,dependingupon the web pagevisited. Study
participantsconsideredheselinks both easyto createand
to use. They also found them easy to understandand
predict, since relevanceis not decidedby an automatic
process but by users' explicit actions.

Future work includesthe developmentof visual cuesto

indicate where usersare in their navigation, presenting

previously seen pagesbefore and after the one being
displayedon screen.Usersalso expressedhe desireto
share their links with others in their research team.

Biologists are heavyusersof web browsersand arethusa
good targetaudienceto study when exploring navigation
problems.Yet, the conceptsdevelopedfor PageLinkerare
moregeneralandlikely to applyto a wide variety of users.
In his classicarticle, OAsWe May ThinkO,VannevarBush

[4] arguesthat the humanmind operatesby association,

connectingitems into a web of trails. In the spirit of his
Memexidea, we offer a tool that allows usersto Obuilda

trail of interestthroughthe mazeof materialsavailableO.

Linking web resourceshile navigatingis a powerful way
to find information againandto reflect the users'thinking
as they explore.
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