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ABSTRACT

Refinding information has been interwoven with wattivity

since its early beginning. Even though all commabwrowsers
were equipped with a history list and bookmarkdyeanough to
facilitate this need, most users typically use cfeagngines to
refind information. However, both bookmarks andrelaased
tools have significant limitations that impact thesability: the
former are known to be hard to manage over theseoaf time,
whereas the latter require the user to recall aifpeombination
of keywords or context. Most importantly, thoughottb are
particularly inappropriate in cases where a piddaformation is
contained within an unstructured web page. In raper, we
present in-context annotation as a more efficidt@rraative to
these methodologies. To verify this claim, we cartdd a study in
which we compare the performance of experiencedsuseall

three approaches while revisiting specific piedeisformation in

the web after a long period of time. The outcomggsst that in-
context annotation clearly outperforms both tradisil strategies.

Categories and Subject Descriptors
H.5.4 [Information Interfaces and Presentatior]
Hypertext/HypermediaArchitectures, Navigation, User issues

H.5.3 [Information Interfaces and Presentatior] - Group and
Organization Interfaces Computer-supported cooperative work,
Evaluation/methodology, Organizational design, Webked
interaction

General Terms
Measurement, Performance, Design, Experimentattdoman
Factors, Verification.

Keywords

User study, evaluation, information refinding, \\ainotation.

1. INTRODUCTION

When trying to refind information, users have shotenprefer
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search engines rather than dedicated history taoish as the
back button, the history list and bookmarks. Howgewearch
engines usually suffer from the fact that a uses twarecall a

usually hard-to-remember combination of keywordsorder to
retrieve a specific web resource. Bookmarks, onatter hand,
constitute the most popular refinding support metfiy], as they
optimize the searching stage in comparisons witlarcke
engines[13][1]. Their major drawback, though, i® tfact that
collections of bookmarks arbard to manage due to their
tendency to explode with the passage of time. Timarily

stems from the inherent difficulty in structuringformation [1],

even in the context of alternative approaches, hierarchical
organization [6].

Most and for all, the aforementioned tools are éwpdte in
supportinglong-term refinding i.e. refinding that takes place
some months after the initial visit [15], particdyawhen it
involves unstructured resources. An approach tbatdcwell be
employed for effectively dealing with these corwi is “in-
context” annotations these are annotations that are visible within
the original resource, enhancing it with the obaBons and
remarks of users. In fact, annotation tools all@ers to mark just
the desired part of a resource, and also providentivith some
management and sharing facilities, similar to ddetekmarking
services. In this way, relocating a specific pie€énformation is
alleviated to a great extent.

The motivation behind our preference to annotatstems from
our latest work [12] and the conclusions drawn fritrmin this
previous work we analyzed paper-based annotatidrfamd that
its high utility is based on the facilitation ofilming as well as of
later reference. Therefore, all participants of shevey welcomed
the opportunity to be able to act similarly in thdgital
environment, though not in a way that merely insisapaper-
based annotation.

To the best of our knowledge, there is currentlystumly focusing
on the actual impact of “in-context” annotationrenvisitation. In
this paper we systematically investigate this effeoough a user
study that was conducted over a long period of t[il§. We
asked a total of 30 people to relocate severakgie€information
they had visited five months before, when the eirpenmt started.
The subjects were divided into three equivalentigsp with each
group using exclusively one of the above tools (glsgna search
engine, a social bookmarking system and a web atiapttool).
We then measured their efficiency in terms of theettaken to
complete the browsing stages of all tasks. Theamés of the
experiments suggest that “in-context” annotatiorsignificantly



better than the other two approaches, reducingefeired time
to the half.

The rest of the paper is structured as followsséetion 2 we
present similar studies and underline their difieee from our
own approach. Following that, in section 3 we pnéslee settings
of our study in detail, whereas in section 4 we @ its
outcomes. Finally, we draw our conclusions in sec8.

2. RELATED WORK

The early acknowledgment of the significance oindihg [18] in
combination with the theory of information foraginfi6]

motivated a wide range of studies on analyzingetktent as well
as the patterns of this phenomenon. Although thelies
quantifying the so-calledecurrence ratevary considerably in
their estimates [7][18][5], they all advocate thefinding
constitutes a prevalent user behavior, comprisingenthan half
of the overall web activity. The analysis of thisepomenon
further suggests that there is a great heterogeriait the
underlying incentives [2], and that chronologicaillyshould be
distinguished intshort, medium andlong-termrefinding [15].

Several browser enhancements introduced over thes y@.g.
history cache, URL auto-completion and bookmarkmether
with search engines have so far been the only @adable for
facilitating this behavior. Although their contrifion to

leveraging its efficiency has been documented énliterature [9],
they are actually appropriate just for short- anddimm-term
refinding, that takes place in a period of time topfew weeks
after the first encounter. Moreover, they all igahdhe contextual
information of the user’s original search procesgihout taking

advantage of any of the associated cues that rear feported to
assist significantly in this process [14].

Additional, interesting aspects of this phenomehave also been
investigated in past user studies. Among them, L£atpal. [4]

focused on the use of search engines in the comfxhis

behavior, and the effect of familiarity and taskeduency in

particular. Their study, however, focuses solelyttomshort-term

refinding period of one week.

Obendorf et al.[15] present another interestingysthat explores
the evolution of users' refinding behavior over th&t 15 years.
To this end, the web activity of 25 people was yred. The
outcomes suggested a significant deviation from tlsage
patterns that were presented in the early, relatadies. More
specifically, newly introduced browser featuregelitabs, were
found to have given rise to new navigation straggiwhereas
dynamic web pages were recognized to act as obstézlshort-
term refinding. The authors also identified oppoities for new
browser tools that could cover users' medium-tegfinding

needs more effectively than available appliand&s, RSS feeds
and widgets.

Finally, MacKay et al. in [13] introduce anothecheique that
extends traditional bookmarks with the aim of faaiing
refinding, namely the Landmarks. In essence, thierkw
investigates the efficiency of in-context cluescamparison with
traditional bookmarks. The experiments conductethis context
entail 20 participants and consist of two sessitimt were
separated by a gap of three days. The outcomesstuggclear
prevalence of in-context cueser plain bookmarks. However,

their experiments constitute a short-term refindistgdy that
involves merely six tasks, which are actually rexealed.

3. EXPERIMENTS

In short, the goal of our study is to quantitativelstimate the
efficiency and ease-of-use of three different wifig
methodologies: web search, bookmarks and in-comatexbtation.
Regarding the tools instantiating these methodekgve selected
the Del.icio.u$ social bookmarking service while for in-context
annotations we developed an experimental, straigh#rd
annotation tool: SpreadCrumbs [10]. As for the vgelrch, the
participants were free to make use of the searginerthey were
more familiar with; they all turned out to preferet Googlé
search engine.

3.1 Systems

Del.icio.usis a popular online social bookmarking system. The
system combines bookmarking and tagging with social
networking, features that turned it into one of thest successful
social bookmarking services. With Del.icio.us arusan annotate
bookmarked Web pages by associating tags and corsnten
them, while also having the option of sharing theith her
contacts. A crucial difference with annotation sothough, is
that the added or tagged information can only bmved and
managed through their personal home page in thécels' web
site. Therefore, they are far from being in-context

SpreadCrumbss an in-context Web annotation system, which has
been implemented as an extension of the Mozillaféx Web
browser. The underlying assumption of SpreadCruisbghat
users can annotate Web resources with keywordsnbersces and
create hypertrails through a set of annotationgs&hannotations
can then be used not only for her own reference,also for
sharing with her social network. The interface pfeadCrumbs
has deliberately been designed in a minimalistig,\8a that users
get easily acquainted with it: Post-its are quiteydar in real life,
and, thus, SpreadCrumbs offers a very familiar whyadding
inscriptions and remarks to web content throughasidvisual
metaphor of Post-it notegifure 1). Moreover, it is transient in
the sense that it is easily replaceable and naftise.

The following subsections elaborate on the twoieassof our
experiments in greater detail.
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3.2 First Session

The purpose of this stage was merely to have thgcipants
locate specific pieces of information that theylvihé asked to
refind in the second phase of the experiments.duitian, the
participants were asked to carry out a small tasloider to
evaluate the usability of the tools.

3.2.1 Participants and Settings

We designed our experiments to be comprised okegsions; the
first one includes all finding tasks, leaving afinding tasks to
the second session. It should be stressed herethbasecond
session took plackve monthsafter the first one, thus allowing for
the examination of long-term refinding behaviorgTparticipants’
pool consisted of 34 people in total (24 males a@demales),
who are aged 27 years old on average. All of theen cuite
proficient in on-line search and web technologregéneral, due
to their education background (the majority beimgdgate PhD
students in the field of Computer Science).

In the context of the first session, we randomlyidéd the
participants into two equivalent groups, with eacte designated
to a specific tool: Del.icio.us or SpreadCrumbs. &bsure
familiarity with the application at hand, each widual was
initially presented with a short tutorial of its ateres and
functionalities.

3.2.2 Procedure

During the experiments, the participants were askeldcate the
correct answers to 10 questions. All of them wepecHic
information finding tasks that could be solved bpref internet
search with any popular search engine. They wefadhchosen
at random from a set of 16 questions we had cadyefuépared
for the experiments; most of the answers were nigaldn nature
as an effort to make them sufficiently obscure amidimize the
chance of participants knowing the answers therasel®ne of
the questions, for instance, was the following: WHanany
homeruns did Ken Griffey Jr. hit in 2005 playing @incinnati?”.

After finding the required information, the parpient was asked
to annotate the web page that contained the anfwelater

reference. It should be clarified here, that theas no predefined
set of acceptable web pages. Rather, subjects fwereo mark
any web resource they wanted. This first task wasgnted as
‘just’ an exercise in order to get used to the eystin reality,

though, it was a preparational step for the secwmuhd of the
experiment.

For the second task, we presented a scenario ifottreof form
of collaborative decision making: participants hadplan a day
trip to London based on a collection of annotateabes
recommended by a friend, which they were askedatuate. The
goal was to obtain interaction data and user feddlmn the
bookmarking and annotation tools.

3.2.3 Primary Observations

Upon completion of the first task, we noticed thftr from
exhibiting homogeneity, each participant followecer hown
approach in creating annotations: some includedatimvers in
the annotation text; others added the questionge e rest of
them used just some keywords. Moreover, they fabwifferent
strategies for positioning the annotations, asewvety participant

was concerned with placing them in a useful locatiaithough
most of them carefully posted them near the teahlet or
paragraph containing the answer to a question raewgividuals
just added the annotation on the top of the pagever the
margins. The latter are, thus, expected to expegiesome
overhead in the course of the refinding task, dsflgcn the
cases of answers residing within web pages witheatgleal of
information and unstructured content, in general.

Furthermore, during the second task, we observet rtfost of
Del.icio.us’ users did not notice or read the dddéal comments
on each bookmark. In contrast, all participants geaformed the
tasks using SpreadCrumbs did notice and read themeots.
Some of them actually affirmed that their choiceseninfluenced
by those comments. This observation clearly sugg#sit in-
context comments are more likely to be used duefigding.

3.3 Second Session

During the second session, five months after th@irsession of
the experiments, the participants were asked tocaéd the
answers they had previously found during the ‘prefoay’ task
of the first round. This long time interval ensurdsat the
participants remembered neither the answers theypnavided
nor the resources they had used in the courseedirt session.

3.3.1 Participants and Settings

In total, 30 participants (21 males and 9 female=re involved in

this phase of our study, out of the initial 34. ¥leere asked to
repeat the same tasks as the first time; in otherdsy each
individual was given the initial set of 10 quessoand had to
refind the answers she had given in the first rourite

participants were divided into three equivalentugp® of 10

people, each one corresponding to a specific refind
methodology and tool.

The first group corresponds to thearch engin@pproach and its
members were allowed to employ solely search esgineheir

efforts to carry out their tasks. This group wasnfed by

randomly choosing 5 participants from the bookmaroup

together with another 5 from the annotation grodipghe first

session. They were not allowed to use the bookmamks
annotations they had already created, which implieg they
could refind information only by searching and bsovg from

scratch. This group served as the baseline groumgiwur

analysis.

The second group represents theokmarks approach and
consisted of those subjects that used Del.icio.oth bn the

finding and the refinding sessions. The membetkisfgroup had
the URLs of the visited resources at their disposabing in this

way the burden of repeating the procedure of the Session.
Additionally, some of them had added comments teirth
bookmarks, which invariably provided them with \alhle clues

for quickly relocating the answers.

Finally, the third group corresponds to tlhecontext annotation
approach and was comprised of those participaras tsed
SpreadCrumbs in both sessions. The URLs of thiligitvisited

resources were thus available to them, similarhe lookmark
group. Further, they were also assisted in thesk thy the
annotations that they had composed during the rinshd of the
experiments. However, as mentioned before, there avgreat
diversity not only in the content of these annatagi but also in



their positions. We expect these two factors tduarfce the
performance of the participants.

3.3.2 Procedure

During the second phase, the participants wereepted with one
question at a time, chosen randomly, so that theraf questions
is different from the one used in the first routdthis way, even
the participants of the last two groups that wessisted by an
application, had to devote some time to pinpoimt dippropriate
bookmark or annotation in their collection.

After the appropriate web resource was found, ttarspleting

the searching stage, the participant had to Idt&t@nswer in the
page and highlight it using the mouse (browsingyetaThere
were no instructions or restrictions as on howrticped with this
stage; the participants were allowed to perforra thsk the way
they would in a non-controlled environment. It tednout that the
vast majority of the participants took advantagehef browser's
“find” functionality, which rapidly locates and Hitights the

given words in the page in view. This functionalitas used not
only in conjunction with some keywords taken frdme guestion,
but also with the whole answer (some subjects hattluded in

their bookmark comments).

Once the desired piece of information was highéghtthe
participant was given the next question. Upon cetiqh of all

tasks, the subjects were asked to answer two guestires, one
regarding the information refinding experience, @ambther one
investigating their opinion on the tool they used.

The necessary data for estimating and evaluatiagterage and
overall browsing time per individual were collecteith the help
of screen capture and data-logging software thebrded all

participants’ actions. Its analysis is discussedthie following

section.

4. RESULTS

In this section we discuss the outcomes of our xgats, which

are mainly concerned withrowsing time- the time participants
spent in the browsing phase while carrying outrttesk. In other
words, our analysis focuses on the period of tihet starts as
soon as the page of interest finishes loading awld ghe moment
that the participant finds the required informatidvie begin with

the analysis of the time measurements that weilgetkefrom the

297, in total, refinding activities. The corresporg tasks are
evenly shared among the three groups mentionedeabahe

Search Enginethe Bookmarkand theAnnotationgroups. That
means that the performance of each group is repexsdy 99

time intervals expressing the duration of the taskslved.

4.1 Browsing Time Measurements

The most appropriate metric for expressing the aler
performance of each group is arguably #iverage tine taken to
complete thdrowsing phase- therewith ignoring the time it took
participants to locate the page in 8earching phase

In our case, the available sample of 99 browsimgsi produces
the following mean values: 46s for Search Engin®s 3or
Bookmark, and 21s for Annotation. With an averageamof 21
seconds, the annotation group was significantlyefathan the
bookmarking group (38 seconds; t(98)=3.88, p<0r6136) and
the search engine group (46 seconds; t(98)=4.00.04< r=.38).
The differences between the two latter groups vieued to be

non-significant. It turns out, therefore, that therformance of
Annotation is substantially better, correspondingttime that is
almost the half of the other two groups. This ssggehat in-
context annotation boosts refinding to a greatrexte

By contrast, when comparing the performance of fite two
groups, the outcome does not match our initial ebgton that
Bookmark would outperform Search Engine due tovikalth of
cues associated with them, i.e. the comments thet attached to
bookmarks as well as the keywords of the tags weae drawn
from the questions or even the answers. This cataj be
explained by théheory of context-dependenfd7], arguing that
all context knowledge acquired in the refindingqass serves as
relevant cues for refinding information. , This lides even the
non-semantically related elements located withire ttarget
information that search engine users acquired ve@fching and
browsing the search results. Bookmark users, orother hand,
had to acquire the context during the browsing estiself. It
should also be stressed that the performance asdhech group
would have been significantly worse if we also taeto account
the searching stage, which is minimized for boolksiarsers.

4.2 CTRL+F

Thus far we have focused on the effect of the divépols on
users' efficiency, thus ignoring another importaetor: the use of
browsers' “find” functionality. This functionalitplays a major
role in relocating a specific piece of informatianthin a web
page. In order to quantify its degree of use, weasued the
percentage of each group’s tasks that were caoigdwith its

help: 53.5% (Search Engine Group), 62.3% (Bookntar&up)

and 17.2% (Annotation Group).

Apparently, CTRL+F has been extensively used bystiigects of
Search Engine and Bookmark, whereas participardgnbtation
resort to it less frequently. They actually useadlely in the cases
of modified web pages that result in misplaced @phan
annotations; in these cases annotations are angiviitfle help
and the user has to resort to other means for pitipg the
desired information.
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Figure 2. Average times of each group distinguish@n tasks
where the browser’s “find” functionality was used.

Judging from the wide use of the CTRL+F strategy,isi
reasonable to assume that “find” helps participantgperform
better in refinding information. To verify this assption, we
estimated the average browsing time that correspemdubjects
using it and compared against the browsing timeha$e that did
not use it. This comparisons were made in the cbmteall three
groups and their outcomes, presented-igure 2, suggest the
opposite: participants that took advantage of fhisctionality



neededsignificantly more time in completing their tasks than

those that did not. Hence, although this functiitypaé supposed
to constitute a quite handy tool for locating imf@tion, in
practice there is no evidence supporting its beraftontribution
to re-visitation efficiency.

5. DISCUSSION

In this paper we evaluated three different appreadh refinding
information: web search engines, online bookmarkkanline in-
context annotations. The main focus of our study wa the
reading and browsing phase that follows the seagcktage of
this process. The outcomes of our experiments stigtieat
bookmarks and annotations outperform search in steph
performance. Moreover, we observed a benefit o€antext
annotation compared to bookmarks in
recognition.

We also investigated the correlation of the broigséfind”
functionality (CTRL+F) with refinding efficiency ahobserved
that it does not actually account for any improvemi the
browsing time. The questions that involved the dfin
functionality typically entailed larger and unorgeed pages;
however, the expected benefits in terms of sasimg tould not
be observed. For this reason, it would be benéficiaannotation
tools to reduce this burden by minimizing usergritve load,
interactions and wasted time.

Judging from our analysis, we expect annotatiotesys to be the
next step in the evolution of hypermedia systemsst jas
personal/shared bookmark systems constituted atbjgforward
in the past. In our opinion, the main challengk mé on the user
interface level: we see a need for more consistesgble,
integrated and interactive tools that will attrasten the less
engaged users. To do so, we plan to improve theagement,
browsability and searchability of collections ofnatations. By
structuring annotations and bookmarks in differdithensions
and categories, and having multiple ways to redegait (e.g.
alphabetic order, date of creation, date of retafigin, date of
shared access, etc) we aim to create hypertrdilsselhypertrails
are a personal/shared collection of hyperlinks tibah be
connected with each other, according to each ugeeferences
and needs, following the vision of Memex [3].
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