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Abstract

The paper discusses mechanisms to foster col-
laborative information gathering in social book-
marking service and proposes a new mechanism us-
ing awareness information. Browsed users function
provides awareness information about to whom a
user has browsed into the bookmark library and who
browsed the user’s bookmark library. An experiment
has been conducted to evaluate the effect of this func-
tion on information gathering behaviors using an
experimental social bookmarking site. The result
indicates that the effect of awareness information on
information discovery is comparable to other funda-
mental navigation functions of social bookmarking
service.

1. Introduction

Collaborative Information Gathering (CIG) is an
approach to solve the problem of Internet Informa-
tion Overload by organizing cooperation among us-
ers [23]. It can yield more undiscovered knowledge
than single information seekers [3]. A number of
researches indicate that the potential resource can be
provided through social interaction [9, 10]. It as-
sumes that cooperative information foraging contrib-
utes collaboration in the way of information sharing
and gathering. The benefit of CIG confirms the suc-
cess of social bookmarking service for facilitating
information discovering in research communities.

Social Bookmarking Service (SBS) is an appro-
priated social media tool to support information
gathering in research process [15] and contribute
Research Collaboration Support System [13]. It of-
fers the possibilities of alternative search tool and
assists community building in online spaces[12].
Since SBS assists people to gather information
among like-minded communities, people can dis-
cover whom else links to them when they locate
relevant articles in the way of social navigation [18].
This benefit can ultimately lead to colleagues who
share research interests and foster like-minded com-
munity building. Although SBS presents its benefit

for social search, the knowledge of others’ activities
still needs to extend in order to take advantage of
social navigation for individual information gathering
propose.

The importance of knowledge of others’ activities
has been highlighted as the fundamental to the effec-
tive collaboration. A definition of knowledge of oth-
ers’ activities is Awareness. ITn CSCW  studies,
“Awareness is an understanding of the activities of
others, which provide a context for your own activ-
ity” [6]. In research communities, awareness of who
are the people and what are the information that are
interesting for the user make the great decisions to
find the potential information. Similarly, awareness
of others’ activities in SBS foster CIG by providing
the probability of finding the useful information re-
sources that are not specified before.

There are some studies on providing the knowl-
edge of others’ activities [7, 9]. CiteSeer Collabora-
tory [7] provides awareness about the potential col-
laborators to users in order to contribute constructing
of collaboratory. TopicMark [9] shows another point
of view of providing awareness information to the
users. It harvests knowledge of user, based on users’
preferences, and recommend the specific topic to the
users. The results of these studies show the benefit of
awareness information for collaboration activity.

The paper describes the design of a new mecha-
nism to foster CIG in SBS by providing awareness
information about others’ activities. This mechanism
differs from the related work since it provides mutual
awareness information about browsing behavior.
This information eases to interpret; who browsed into
the user’s library, who has been browsed into his
library by the user, and who has mutual interaction
with the user by browsing into each other’ library.

The paper is organized as follows. Section 2 de-
scribes Collaborative Information Gathering in SBS
and Section 3 explains awareness information about
browsing behavior. Section 4 describes the experi-
ment to evaluate the effect. Section 5 then describes
conclusion and future work.




2. Collaborative Imformation Gathering
in Social Bookmarking Service

2.1 Information Gathering Behavior in Social
Bookmarking Service

A number of researches studied the users’ behav-
iors for information discovery according to the usage
of social navigation [18] and how social navigation
can be used to enhance information discovery in SBS
[14, 19]. The result of usage pattern analysis [14]
shows that tagging system is an effective way for
information gathering where users frequently select
tags in a bookmark list to find a new bookmark. In
addition to navigation through tags, users prefer to
explore the bookmark libraries of others to find the
related bookmarks around the focused topic and dis-
cover frequently bookmarks in the bookmark librar-
ies of the selected users. Users prefer to navigate
through others’ bookmark libraries to gather the use-
ful information for their interest. Due to the informa-
tion gathering behavior, SBS should provide the
presences of others’ activities to the users to facilitate
social interaction as well as CIG in online spaces.

2.2. Literature Review on Collaborative In-
formation Gathering

Among the researches on the benefits of CIG for
search communities, information foraging theory [2,
3] studies the effect of the diversity of information
foragers and their hints to individual seekers and
community. Its cooperative information foraging
model [20] shows the effect of the diversity of in-
formation seekers and their footprints to each other
for the optimal and equilibrium group size. People
can discover knowledge more quickly and thor-
oughly by foraging and interacting in the optimal
group. The benefits of cooperative information for-
aging confirm the success of social software that al-
lows groups of people to discuss problems and to
discover knowledge at a faster speed than the indi-
vidual information seeker.

Since interaction is necessary for CIG, a literature
on online spaces proposes the important elements for
fostering social interaction [16].

(1) Place making is the spatial metaphors to frame
and interpret social information and exploit spatial
properties to guide social interaction in an online
space.

(2) Common ground refers to share understanding
of participants in an online space.

(3) Awareness refers to the knowledge of the
presence of other people including their interaction
and activities.

(4) Interaction mechanisms enable participants to
communicate with others.

These four elements contribute distributed online
work groups. In the context of SBS, the fundamental
functions of SBS are elements for fostering social
interaction that contributes collaborative information
gathering and discovering,.

2.3 Fostering Mechanism for Collaborative
Information Gathering

Based on the role of the four important elements
for fostering social interaction in online spaces [16],
we can identify these elements in SBS as shared
bookmarks, tagging system, others’ activities, and
social navigation. A number of social bookmarking
tools used in the scientific research communities e.g.,
CiteULike [4] and Connotea [5] offer the fundamen-
tal functions for users to (1) create personal collec-
tions of bookmarks and instantly shared their book-
marks with others, (2) use the keyword or tags that
are explicitly entered by the user for each bookmark,
and (3) access to the entire bookmark collection to
see other information resources of interest [18].
These functions foster social interaction in online
spaces in the following way.

(1) Shared bookmarks as place making

SBS offers shared bookmarks as the metaphor to
frame social information to foster information gath-
ering and discovering to users [17]. Shared book-
marks are not only used to organize and present in-
formation for users but also offer the great potential
to increase social interaction and foster collaborative
activities among users in online spaces.

(2) Tagging system as common ground

Tagging system can be used to provide shared
understanding for users in SBS and is a convenient
way of navigating one’s own bookmark library and
determining his characteristic [17, 18). It can func-
tion as common ground in SBS. Newcomers in a
like-minded community can understand the special
keywords provided as tags and sense about the topics
of that community [8].

(3) Others’ activities as awareness

Others’ activities in SBS can be provided in sev-
eral ways i.e., posting behaviors or browsing behav-
iors. Current function of SBS provides information
about recent activities [12] for the users to aware of
others’ posting behavior. Although providing recent
activities is a kind of awareness element in SBS to
contribute CIG [9, 15], there is another effective way
of providing presences of others’ activities to users
such as awareness information about browsing be-
havior that is proposed in this paper.

(4) Social navigation as interaction mechanism

Social navigation is one of the efficient ways to
enhance information discovery in SBS [18]. Since
shared bookmarks can be valuable information for
others, individual seekers tend to navigate through
others’ bookmark libraries to find the new useful




bookmarks. Clicking a tag or a username shows a
new bookmark list that might be useful for the user.

Although the general functions of SBS are the
elements for fostering social interaction in online
spaces in particularly, it is needed to extend aware-
ness element in order to extend the boundary of indi-
vidual information gathering and contribute CIG in
online spaces. Since browsing behavior leaves foot-
print to a user whom was browsed, it can increase the
way of using social navigation, not only from related
tags or users in generic SBS but also from the infor-
mation about browsing behaviors. Providing aware-
ness information about browsing behavior allows
individual user to know who interacts with him as
well as aware of the like-minded people.

3. Awareness Information about Brows-
ing Behavior

3.1 The Effect of Awareness Information

Awareness is widely applied to increase collabo-
ration opportunities and efficiency in CSCW and
CSCL [24]. It is found that information about other’s
activity is one of the most important factors of suc-
cessful collaboration. Although SBS provides the
fundamental functions for fostering CIG, it still lacks
sufficient awareness information about other’s
browsing behavior [15]. Awareness information
about others’ activities in current SBS provides in-
formation about posting behaviors, which is appeared
in Recent Activities function. Researchers need to
know who may has the similar research topics by
examining the awareness information about their
browsing behaviors, which is the information about
to whom a user has browsed into the bookmark li-
brary and who browsed the user’s bookmark library.
We named this awareness information about brows-
ing behavior as Mutual Awareness information. It is
the information about browsing behavior informing
to each other. Individual user can know two-way
information about who browsed into his library
whereas whom was browsed by the use.

3.2 Mutual Awareness about Browsing Be-
havier

Mutual awareness about browsing behavior is
useful for fostering collaborative activities and
community building based on the benefit of social
interaction, since individual information seekers
should aware of other’s presence through social in-
teraction in order to form a community. By providing
awareness information of browsing behavior in SBS,
the user can aware of who may has similar research
interest and might browse other’s bookmark library
through this information. This mechanism extends

the search ability of individual information seekers
since that an effective way to discover useful book-
marks coming from exploring others’ bookmark li-
braries.

Figure 1 depicts how mutual awareness about
browsing behavior contributes to discovering the
useful bookmarks in the way of collaborative activi-
ties. The scenario can be separated into 3 phases.
Beginning phase starts when user A browsed into
user B’s library and copied a bookmark in user B’s
library. By this action, user B can acknowledge that
user A browsed into his bookmark library and copied
a bookmark. In Intermediate phase, there are 2 types
of situations that can occur; (1) user B may want to
examine user A’s library and browse into user A’s
library, (2) although user B does not give any re-
sponse with user A’s action, user A still browse into
user B’s library to monitor for the new bookmarks.
These behaviors in the Intermediate phase affect the
browsing behaviors in the next Collaboration phase.
When user B posts a new bookmark, this action is
notified to user A. If the new bookmark is valuable
for user A, then it may foster new research and result
in a new post of user A, and so on.

- Beginning - | - Intermediate - - Collaboration -

Notion
O  Bookmark @  Copied bookmark
—> Browse action ----#>  Copy action
-4 Post action > Acknowledge

Figure 1. The mutual awareness about
browsing behavior for CIG in SBS

A scenario for fostering collaboration in SBS is
described as the following three phases in detail.

(1) Finding an interesting user phase

When a user browsed into other’s bookmark li-
brary, the action is recorded in the top of browsed
users list and frequently browsed usernames are dis-
played in the upper area. A user can find an interest-
ing other user in the browsed users list.

(2) Mutual browsing phase

When a user browsed into other’s bookmark li-
brary, the action is also recorded in the top of the
other’s browsed users list and frequently browsed
other usernames are displayed in the upper area. The
other user can find an interesting user and they start
mutual browsing.

(3) Collaboration phase
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Figure 2. Browsed users information in a social bookmarking service

When a user posted a new bookmark, the event is
notified to other users who have browsed the postied
user’s bookmark library. If the new bookmark is
valuable for another user, it can foster the other’s
research and result in posting of a new bookmark
from others. The interaction through SBS can en-
courage collaboration in online space.

3.3 Design of Mutual Awareness Function

A new function to foster CIG in SBS is designed
to provide mutual awareness information [15]. The
aim of this function is to provide information about
browsing behaviors, i.e., whose library is browsed by
a user and who browsed into the user’s bookmark
library. By aware of other’s browsing behaviors, us-
ers may browse into other’s bookmark library that
seems to be the like-minded and discover useful
bookmarks in other’s libraries.

The mutual awareness function can be imple-
mented with the user interface as shown in Figure 2.
The Browsed users list appears as a global navigation
after logging to SBS. Usernames in the list presents
others who have interaction with the user. It is classi-
fied into 3 types according to the direction of arrow
that represents users’ browsing behavior: Forward
direction (=) means user browsed other’s library
whereas backward direction (€) means other who
browsed into user’s library. Mutual direction (&->)
is the information about both users browsed mutually
into each other library. By clicking a username in this
list, user can browse into the library of that username.

4. A Case Study of ReMarkables
4.1 Objective

The development of a prototype Social Book-
marking Site, named ReMarkables [11, 22] has been

conducted to evaluate the effect of awareness infor-
mation about browsing behaviors on information

discovery in CIG. ReMarkables offers a new function
of providing awareness information about browsing
behaviors to the users. The effect of providing
awareness information about browsing behaviors is
measured by the conversion rate for click-through [1]
Browsed users list. The conversion rate is classified
into 2 actions: (1) the ratio of copying a bookmark
from others’ bookmark libraries and (2) the ratio of
accessing to original resource by clicking a bookmark
title.

4.2 Method of Evaluation

We present the empirical study on quantitative and
qualitative evaluation for the effect of awareness
information about browsing behavior. The behaviors
of 21 subjects (12 professional researchers and 9
graduate students) were recorded in the web server
logs over the period of two months. The subjects
were asked to use ReMarkables for their information
gathering purpose. The criterion of information
discovery in this experiment is either the found user
clicked the bookmark title in order to access to the
original resource and copied into subject’s library.

The effect of awareness information about brows-
ing behaviors is analyzed by comparing click-through
and conversion rate for each navigation function in-
cluding Mutual Awareness Function. During the pe-
riod about 2 months, the users’ activities were re-
corded in the web server logs and database. There
were 52,295 bookmarks data that were imported from
other SBS for the tags that the subjects have inter-
ested in. The analysis of the effect was based on
3,087 users’ actions recorded in the ReMarkables
database. The navigation functions for information
gathering in ReMarkables were classified into 3 types
described below.

1. Global Navigation: navigation through main func-
tions of the system.

- By keyword (Search)

- By frequency (Popular Links)




Table 1. Resulis of Navigation Type

Navigation Type #Click Conversion Conversion rate
through #Copy #Access | %Copy | Y%Access
Global Navigation
Search 210 35 138 17% 66%
Popular Links 18 10 5 56% 28%
Recent Activities 33 9 11 27% 33%
Browsed users 60 13 20 22% 33%
Forward Direction 58 13 20 22% 34%
Backward Direction 2 0 0 0% 0%
Total 321 67 174 21% 54%
Local Navigation
Users’ Tags 37 4 16 11% 43%
Related Tags 55 24 35 44% 64%
Tag used in the bookmarks 75 13 99 17% 132%
Users who posted the bookmarks 13 4 13 31% 100%
Total 180 45 163 25% 91%
Bookmark Links
Tag 9 3 2 33% 22%
User 7 4 1 57% 14%
Total 16 7 3 44% 19%
Grand Total 517 119 340 23% 66%

- By time (Recent Activities)
- By awareness information (Browsed Users)
2. Local Navigation: exploring through a bookmark
collection.
- By tags of others (Users’ Tags)
- By tags used by others (Related Tags)
- By Tags describing the bookmarks in the list
(Tag describing these bookmarks)
- By users who posted bookmarks in the list
(Users who posted these bookmarks)
3. Bookmark Links: exploring through a bookmark
- By users who posted a bookmark in the list
(Users)
- By tags used for a bookmark in the list (Tags).

4.3 Result of Evaluation

The effect of mutual awareness information on
information discovery is evaluated by comparing the
conversion rate of click-through Browsed users lists
with other navigation functions that are the general
functions of the current SBS. The conversion rate
provides an estimate of the usefulness of the result of
click-through [22] including Browsed user list func-
tion. By considering the result of information gather-
ing through Global navigation functions, the conver-
sion rate of accessing to the original resources shows
that the ratio of clicking the bookmark titles for
click-through Browsed users list (33%) is greater
than the existing functions of SBS such Popular
Links (28%) and equivalent to Recent Activities
(33%). The ratio of clicking the bookmark titles pro-
vides the opportunities to discover the valuable in-
formation as the consequence. The result shows that

the conversion rate of copying bookmarks for
click-through Browsed users list (22%) is equivalent
to Popular Links (27%). It implies that the effect of
mutual awareness information about browsing be-
haviors is comparable to other global navigation
functions.

In addition to quantitative analysis, qualitative
data has been examined by a user survey. Question-
naires for the user survey were asked to the subjects
in order to evaluate the validity of the experiment and
the function of Browsed users list for their informa-
tion gathering. We collected users’ experiences from
11 subjects (52.4% of the subjects; 5 subjects are
professional researchers whereas 6 subjects are
graduate students). The result shows that 64% of the
subjects agree that using SBS provides the chances to
discover the like-minded users and found the useful
bookmarks from others’ libraries. Concerning with
browsing behaviors, 82% of users agree that they
browse into others’ libraries because their bookmarks
are interested. From the validity of providing mecha-
nisms for CIG can be explained as that: 55% of users
agree that CIG yield more undiscovered bookmarks
than individual information gathering. This result
confirms that users prefer to use SBS in order to dis-
cover the like-minded people and gather information
efficiently from others’ bookmark library.

4.3 Discussions

The results of the evaluation show how mutual
awareness information foster collaborative activity
among uses for their information gathering process.
The quantitative result shows the positive effect of




mutual awareness information on information gath-
ering in SBS. The conversion rate for click-through
Browsed users list is comparable to the existing func-
tions of current SBS. Although the conversion for
click-through Browsed users list with Backward di-
rection shows zero effect, the result does not implies
that awareness information about users who browsed
the user’s library has no effect, because the result of
user survey provides another evidence that users pre-
fer to use SBS to discover others who may has simi-
lar interested topics. Awareness information about
browsing behaviors increases probabilities of finding
the potential information to the user. It does not in-
creases the chance of social interaction by clicking
the usernames in the Browsed users list, but also pro-
vide awareness about the like-minded people to the
user. Users who have mutual interaction by browsing
cach other’s bookmark libraries provide benefit (po-
tential information) to each other’s. Due to the posi-
tive effect of providing mutual awareness information
about browsing behaviors, we argue that providing
mutual awareness information about browsing be-
havior is an effective way to support CIG in SBS in
the respect of expanding the boundary of gathering
information as well as recommend the potential col-
laborators to the users.

5. Conclusion and Future Work

The paper describes a new mechanism to foster
collaborative information gathering in social book-
marking service by providing knowledge of others’
activities as mutual awareness information about
browsing behavior. The Browsed user list has been
implemented in an experimental social bookmarking
service ReMarkables. The empirical study on the
effect of providing mutual awareness information
about browsing behavior shows the positive result for
Collaborative Information Gathering.

We have interested in the effect of providing
awareness information as the hints for information
gathering purpose. The future study includes the
study of Agent Based Simulation to understand why
mutual awareness information about browsing be-
havior increases the chance of information discovery
in social bookmarking service. The experiment on
Agent Based Simulation will be conducted

References

[1] Broder, A. “A taxonomy of web search.” SIGIR Fo-
rum, Vol. 36, No. 2, pp. 3-10 (2002)

[2] Chi, E.H., and Pirolli, P. “Social Information Foraging
and Collaborative Search.” In Proc. of HCIC, U.S.A.
(2006).

[3]1 Chi, E.H,, Pirolli, P., and Lam, K. “Aspects of Aug-
mented Social Cognition: Social Information Foraging

and Social Search.” LNCS, Vol. 4562, pp. 60-69.
(2007).

[4] CiteULike, http://www.citeulike.org

[5] Connotea, http://www.connotea.org

[6] Dourish, P., and Bellotii, V. “Awareness and coordi-
nation in shared workspaces” In Proc. of CSCW, Can-
ada, pp. 107-114 (1992).

[7} Farooq, U, Ganoe, C.H., Camoll, J. M., and Giles, L.
“Supporting distributed scientific collaboration: Im-
plications for designing the CiteSeer collaboratory.” In
Proc. of 40M HICSS, Hawaii, pp 26-36 (2007).

[8] Glance, N., Grasso, N., Borghoff, U.M., Snowdon, D.,
and Willamowski, J. “Supporting Collaborative In-
formation Activities in Networked communities.” In
Proc. of 8" HCI, Germany, pp. 422-426 (1999).

[9] Grasso, M.A. et al. “Collaborative Information Gath-
ering.” In Proc. of EuroMedia/WEBTEC, Leicester,
UK, pp. 65-72 (1998).

[10] Guo, H., and Hausen, H.L. “TopicMark: A
Topic-focused Bookmark Service for Professional
Groups.” In 6™ DELOS, Portugal, pp. 121-130 (1998).

[11] Ishikawa, T., Klaisubun, P. Honma, M, and Qian, M.Z.

“ReMarkables: A Web-based Research Collaboration
Support System Using Social Bookmarking Tools.” In
Proc. of WIAAT Workshop, China, pp. 192-195
(2006).

[12] Hammond, T., Hannay, T., Lund, B., and Scott, J.
“Social Bookmarking Tools (I): A General Over-
view.” D-Lib Magazine, Vol 11 (4), April 2005.

[13] Klaisubun, P. and Ishikawa, T. “An Agent-Based
Model of Research Collaborative Tagging for Scien-
tific Publications.” In Proc. Of WI/IAT Workshop,
China, pp. 153-160 (2006).

[14] Klaisubun, P. and Ishikawa, T. “Behavior Patterns of
Information Discovery in Social Bookmarking Serv-
ice.” In Proc. of WI/IAT, U.S.A., pp. 784-787 (2007).

[15] Klaisubun, P., Honma, M., and Ishikawa, T. “Foster-
ing Collaborative Information Gathering in Social
Bookmarking Service.” In IPSG-GN’ 07, Japan, pp.
49-54 (2007).

[16] Lee, A., Danis, D., Miller, T., and Jung, Y. “Fostering
Social Interaction in Online Spaces.” In Proc. of
INTERACT, Japan, pp. 59-66 (2001).

[17] Lerman, K., and Joes, L. A. “Social Browsing on
Flickr.” In Proc. of ICWSM, U.S.A (2007).

(18] Lund B., Hammond, T., Flack, M., and Hannay, T.
“Social Bookmarking Tools (I): A Case Study —
Connotea.” D-Lib Magazine, Vol. 11 (4), April 2005.

[19] Millen, D., Feinberg, J., and Kerr, B. “Social book-
marking in the enterprise.” ACM QUEUE, November
2005, pp. 29-35 (2005).

[20] Millen, D., and Feinberg, J. “Using Social Tagging to
Improve Social Navigation.” In Proc. of AH, Ireland
(2006).

[21] Millen, D.R., Whittaker, M.Y.S., Feinberg, J.: Social
bookmarking and exploratory search, In Proc. 10%
ECSCW, pp. 21-40 (2007).

[22] Pirolli, P. “Information Foraging Theory: Adaptive
Interaction with Information.” Oxford University
Press (2007).

[23] ReMarkables, http://remarkables.nit.ac.jp/remarkables

[24]Yi, L., Lu, Z.X,, and Li, Y.D. “The Organizational
Structure in Collaborative Information Gathering.” In
Proc. of ICII, China, pp. 263-268 (2001).




