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ABSTRACT
In this paper we revisit the concept of session applied to col-
laborative work and define a set of operators to manipulate
session information related to workspaces and tools schedul-
ing in collaborative environments. By means of a proof-of-
concept implementation which uses web services and context-
aware tools, we show an example of how session information
provided by the operators can be used to leverage the ubiq-
uitous capabilities of collaborative applications.

Categories and Subject Descriptors
H.5.3 [Information Interfaces & Presentation]: Group
and Organization Interfaces—Computer-supported coopera-
tive work

General Terms
Design, Documentation, Human Factors.

Keywords
CSCW, Context information, Ubiquitous computing.

1. INTRODUCTION
Users tend structure their environments when working col-
lectively. They configure specialized places (or workplaces)
to support a variety of activities demanding communication
and information exchange. Web collaborative workspaces
share many common features and needs. The workspace,
as being the place where interest groups meet to accom-
plish their collaborative activities, must be easily accessible
to all participants, must support communication among se-
lected team members, and must allow access to collabora-
tive tools. Considering the need to support such a broad
scenario, the literature has investigated alternatives for de-
signing (e.g. [13, 32]), building (e.g. [5, 15]) and evaluating
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(e.g. [8, 30]) collaborative applications not only in the work-
place (e.g. [1, 4, 5, 7, 17]) but also with children [23] and
teenagers [22]. Technologies and concepts deployed include
virtual reality [16], agents [27], middlewares [19], Web Ser-
vices (e.g. [6, 12, 29]) as well as context information (e.g.[3,
7, 9, 11, 28]).

The software elements of shared workspaces frequently in-
clude collaborative tools, such as users and groups manage-
ment, wikis, chats, whiteboards, instant messengers, audio
and video capture tools, and so on. The hardware may in-
clude cameras, audio capturing systems, electronic white-
boards, tablets, RFID readers, etc.

In accordance with the results discussed in the literature,
our experience with shared workspaces has identified sev-
eral software requirements that need to be considered to-
wards meeting user needs in collaborative activities. For
example, collaborative session scheduling, participants and
tools selection, capturing and reuse of generated informa-
tion per session, instrumented rooms selection, and easy
access to scheduled session workspaces. The characteris-
tics about workspaces and participants are particularly im-
portant to coordinate the work between geographically dis-
tributed teams. We can group these characteristics in what
we call session. So, users can schedule their session and
define, for example, where a meeting will take place, which
participants can join a meeting, when it is going to begin,
what is the motivation, and so on.

Some authors propose supporting sessions directly [13, 24]
while other authors propose the concept of activity-based
computing [3]. We define a session as being the set of con-
text information that is necessary to coordinate collaborative
work between co-located teams.

The session support provided by a collaborative workspace
gives rise to what we call session-based collaborative
work. With the concept of session introduced in workspaces,
some control actions can be performed by the collaborative
workspace and tools. For instance: selected participants can
easily and automatically log into a scheduled session in a
specific workspace, tools and material can be available only
to selected participants, a collaborative environment itself
can join a participant in a session, it can also startup the
participant tools and workspace, and so on. The list of possi-
bilities is wide, and limited only by the pervasive restrictions
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imposed by users and workspaces.

We argue that the “session paradigm” has the potential to
change users behavior whilst using collaborative workspaces
because it has the power to increase the ubiquity capabilities
of a collaborative environment by using session context in-
formation. For example, imagine a scenario in which a user
accessed a collaborative web portal to carry out a meet-
ing with his co-located team. In a traditional web-based
paradigm, users must enter the portal in a predefined date
and time, provide login and password, remember in which
workspace they should enter, and possibly in which tool or
tools. With what we call session paradigm, that user have
only to schedule the session meeting providing some context
information. Then, session-based applications can use that
context information to take several actions. In the described
scenario, an application could, for example, automatically
log users in the meeting session. So, users do not need to
remember their login, workspace, tools, and even the portal
address. We demonstrate the feasibility of this idea with an
implementation of an instrumented workspace.

Although session is such a useful concept to collaboration, it
is not included in several shared workspaces and tools avail-
able in current collaborative environments — in particular
those based on spontaneous conversations. This fact mo-
tivated us to formalize this concept and to define a set of
session operators. We implemented and encapsulated the
operators in such a way that they can be incorporated in
shared workspaces and tools.

After the definition and implementation of the operators, we
have integrated them in a set of tools, developed to a well-
known collaborative environment. Web technologies, such
as web services and context-aware applications, bring the
desired flexibility and ease of use to our session-based en-
vironment, allowing users to schedule and personalize their
collaborative meetings and to join them using a single-click
on an icon on their desktops – this shows an example of
ubiquity reached using session-based information.

This paper is organized as follows: Section 2 reviews some
related work. Section 3 presents the session operators and
the context information associated with them. Section 4
describes the Session Manager component we developed to
encapsulate the operators, details how the Session Manager
is used by a set of tools to incorporate session-based infor-
mation, and how it is used with web services to automat-
ically startup a session in a specific workspace. Section 5
presents the evaluation of a session-based tool and automatic
workspace startup. Section 6 presents our final remarks.

2. RELATED WORK
Some collaborative tools and environments work with the
session concept or similar, but are not aware of it. For ex-
ample, chat tools uses the“room”concept, which usually has
a set of context information, such as subject, objective and
history. Someone creates a room and people join it if they
share common interests about its subject [14, 10]. This tool
usually have a specific set of session operators, that are not
easily extensible to other kind of application.

NetMeeting and SunForum are commercial and represen-

tative generic application sharing environments to support
face-to-face meetings. These systems support“view-sharing”
in a manner referred to as WYSIWIS (What You See Is
What I See), in which users have exactly the same view of
the shared application at the same time [26]. In order to
provide this kind of collaboration, such applications must
share at least the same communication channel between the
participants of a meeting. We can say this is a limited use of
the session paradigm, because it identifies basically context
information relative to participants.

LiteMinutes [7] was projected to capture annotations, slides,
audio and video in planned meetings. The SmartClass-
room [25] enables the teacher to control the presentation
of lectures in a context aware smart room. Filochat [30]
combines an audio recorder with a tablet for taking notes
to construct a meeting record. In these systems, the session
paradigm is present and provides various context informa-
tion. The main difference between these results and the
work described in this paper is that we propose a general
purpose session-based set of operators, aiming to serve as a
basis for session related applications.

In his research, Bardram proposes the concept of activity-
based computing to support human activities a ubiquitous
computing environment [3]. His framework, which addresses
mobility and cooperation in human work activities, has been
extensively experimented, in particular in pervasive health-
care environments [4]. In the framework there is a one-to-
one relationship between an activity and a session and, as
in our work, sessions exist even if there are no active users:
session management is implicit because users join a session
by activating an activity. In Bardram’s framework, separate
modules provides interfaces to create, delete, manage the
runtime behavior of activities: our approach treats sessions
directly, detailed by the operators we have defined and used
in our applications.

Traditional groupware environments such as Groupkit [24]
and Rendevouz [13] provide direct treatment of sessions: in
our work we define operations associated with a 3-tier web-
based architecture, and demonstrate their use in collabora-
tive applications.

3. SESSION OPERATORS
Over the years we have developed several session-based soft-
ware tools, aiming mainly to use their context information
to investigate problems and solutions in ubiquitous and per-
vasive computing applications. These tools have been devel-
oped in the context of the TIDIA-AE project, which focuses
on research leading to development of open source e-learning
tools to be used in co-located or distance e-learning con-
texts. As a result of this project, a web portal1 offers an
e-learning environment with many synchronous and asyn-
chronous tools.

The DiGaE (Distributed Gathering Environment) tool cor-
responds to a ubiquitous instrumented environment that
takes advantage of existing TIDIA-AE tools to provide ubiq-
uity to co-located meetings. We describe the DiGaE envi-
ronment with more details in the next section.

1http://tidia-ae.usp.br/portal
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A key contribution in this paper is the definition a gen-
eral session-based infrastructure to collaborative work which
shows that context information provided by sessions can
leverage many possibilities to ubiquitous applications.

According to our observations using session-based tools in
the TIDIA-AE and DiGaE projects, we defined the following
context information as important to collaborative sessions in
general:

• A brief description of the session (e.g, its title) to ex-
plain its main objective (what and why);

• The session participants (who);

• The start and end times of the session (when);

• An indication of the session status, for example, if the
session has been closed (to modifications) or not (how);

• The workspace and associated tools in which the ses-
sion will take place (where). In some situations, the
collaborative activities take place in instrumented en-
vironments, and a brief description of the room is also
important.

Using the context information, we formalized seven session
operators, which can be used by session-based tools and
workspaces. The first four operators are the basic ones —
which we call CRUD operators. They enable users to create,
to retrieve, to update, and to delete sessions.

The operators discussed here are about sessions only. Other
issues, like permissions and sessions materials are not cov-
ered by the operators to keep their flexibility. Collaborative
environment should have their own policies about those is-
sues since, for example, a user with administrator permission
may be able to view the sessions scheduled by all users.

It is important to explain that we call the following items
“operators” because they can apply context information to
modify the way people use their shared workspaces and
tools. They have the potential to bring the session con-
cept to collaborative work, to leverage context-aware appli-
cation development, and consequently, change users behav-
ior whilst using collaborative workspaces.

3.1 The Create Operator
The context information of a session is stored using this
operator. In order to create a session, a user may want
to add a title and a description, select participants, choose
date and time, define the workspace, the tools, and (in some
cases) the instrumented environments where the session will
take place. It is also important to define the session status,
which can be ongoing, opened and finalized.

One variation of this operator allows a user to create default
sessions, which are useful when the user does not want to
explicit schedule a session. We defined a default session as
being the current one when there is no other session sched-
uled to a specific time and workspace.

General form:
createSession(sessionId, beginDate, endDate, title, descrip-
tion, objective, toolId, workspaceId, participantsId, status)

The operator accepts variations with information about the
instrumented room (instrumentedRoomId) and about the
existence of default sessions.

3.2 The Update Operator
The update operator allows a user to change the context
information of a session. Like the create operator, it also
accepts instrumented rooms as a variation.

General form:
updateSession(sessionId, beginDate, endDate, title, descrip-
tion, objective, toolId, workspaceId, participantsId, status)

3.3 The Retrieve Operator
When a user enters his/her workspace, only his/her sched-
uled sessions to that workspace and tool are retrieved. If the
tool or workspace implements the default session concept,
then the default session is also retrieved. Another feature of
this operator is that it can retrieve sessions according to its
status (ongoing, opened or finished).

General form:
retrieveSession(workspaceId, toolId, participantId, status)

3.4 The Remove Operator
This operator deletes a session. In order to perform this
action, it only needs the session ID.

There are some important issues with respect to the deletion
of a session in a collaborative environment. For example, if
a session is deleted should all its contents (generated during
the session) also be deleted? We defined the operators as
simple as possible. Questions like that will depend on the
collaborative environment policy.

General form:
removeSession(sessionId)

3.5 The Join Operator
This operator joins a user into a session. We can say that
this operator is the one which is most dependent of specific
parameters associated with the tool. For example, when a
user joins a chat room, the following information are impor-
tant: does the chat room allow reserved messages? Does
it support emoticons? Does it allow to write-block partici-
pants?, etc.

All the operators can be overloaded or extended to satisfy
the needs of specific tools. We kept the joinSession operator
simple, which facilitates its extension.

General form:
joinSession(sessionId, participantId)

3.6 The Finalize Operator
In collaborative environments some tools and workspaces al-
lows users to access the content produced during the session.
This operator indicates that a session was ended (meaning
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that it will no longer be available for joining): this indicates
applications that its contents can be processed, if needed,
before being made available to participants.

General form:
finalizeSession(sessionId)

3.7 The Check Conflict Operator
When a session is scheduled, it is important to check if a spe-
cific user is already a participant in another session. In the
case of sessions that are going to take place is instrumented
rooms, this operator indicates that a participant cannot be
part of two instrumented room sessions at the same time.

General form:
hasSessionConflict(beginDate, endDate, selectedRoomsId, par-
ticipantId)

4. SESSION OPERATORS IN USE
We developed the Session Manager as a software component
that implements the session operators (Figure 1).

Figure 1: The Session Manager class diagram show-
ing session context information as attributes and
session operators as methods.

The Session Manager attributes are related to the session
context information identified in Section 3. All attributes
have getters and setters methods that are not shown in the
diagram to keep it cleaner. The Session Manager methods
are an implementation of the operators general forms and
some variations. The Participant and Room classes were
created to represent participants and instrumented rooms
specific information. They are manipulate by the Session
Manager methods.

We used the Session Manager in some tools in the con-
text of TIDIA-AE project. When logged into TIDIA-AE
Portal, users can access several e-learning tools, such as
the Schedule, Announcements, Portfolio, Chat, Whiteboard
and Videoconference tools – users with the proper privileges
compose workspaces with their tools of choice. In the fol-
lowing, we describe how the sessions operators have been
exploited by a set of tools using the Session Manager. We
also describe an application as an example of how users can
benefit from the ubiquity provided by applications that use
session-based context information.

4.1 Session-based Tools
The TIDIA-AE project involves a partnership with the Sakai
project2, and adopts its framework for the development of
e-learning tools. We used the Session Manager to implement
sessions in three tools, as detailed next.

Whiteboard. This tool provides features to capture pen-
based electronic ink annotations, which are useful in several
application domains [21]. It provides a rich set of operations
which allow a user to manipulate different ink colors and
width, use predefined geometric forms, operations involving
the copy, cut, paste, move and erase of objects; redo and
undo, create new slides, duplicate existing slides or navigate
through slides. Whiteboard enables users to capture anno-
tations during a collaborative meeting, to record these an-
notations and access them in the future. Users can interact
with the Whiteboard software using tablet PCs, Interactive
Whiteboards or a personal computer.

Chat. The chat tool has some features useful to e-learning
context. For example, mediation, interview, write-block a
specific user, and reserved messages [10]. These features,
configurable by means of a session management service, are
demanded when casual message exchange, as the one dis-
cussed by Herbsleb et al. [17] for instance, is not appropri-
ated.

DiGaE (Distributed Gathering Environment) DiGaE
is an instrumented environment used for general purpose
collaborative meetings. An DiGaE environment (a meeting
room, for example), is equipped with a video camera, an
audio capturing system, an electronic whiteboard to cap-
ture pen-based interactions (possibly with a projector), and
a RFID reader to user authentication. These are the Di-
GaE physical elements. The software elements currently
used to support DiGaE meetings are the ones corresponding
to Whiteboard and the Chat tools described in the previous
items, and a Conference tool with offers both audio and
video-based communication. The idea is to have DiGaE en-

2http://sakaiproject.org/portal
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vironments connected through a high speed Internet to en-
able distributed and collaborative meetings. We developed
the DiGaE Session tool specifically to schedule DiGaE ses-
sions. We also developed DiGaE Home tool that integrates
the Whiteboard, Chat and Conference tools in a single tool.
The DiGaE Home tool can be used in desktop or laptop com-
puters, and enables users to participate in DiGaE sessions
even if they are not in the instrumented rooms.

The Sakai platform has a 3-tier application architecture, ac-
cording to the model-view-controller (MVC) design pattern.
The presentation layer contains GUIs used for user interac-
tion vua a web browser. The middle tier contains the set of
rules for processing business information and a set of web
services to facilitate the access to some Sakai services, while
the storage layer manages access for database or file system
persistence. Figure 2 shows the Session Manager and our
tools applied to the Sakai 3-tier architecture. Sakai modules
are presented in black, our modules are shown in white, and
the common modules are presented in gray.

Figure 2: Session Manager and session-based tools
applied to Sakai 3-tier architecture.

In the logic tier, the tools access the Session Manager com-
ponent APIs. The Session Manager is divided into two main
modules – logic and DAOs (Data Access Objects). The logic
module provides an API to access the generic session opera-
tors implementation (which interface is shown in Figure 1).
The tools use the Inversion of Control (IoC) design pattern,
provided by a Sakai container, to access the Session Manager
API. This allows the implementation of the architecture to
be easily exchanged by another, as long as interfaces are
respected.

Some methods were overloaded in the logic layer, according
to specific tools needs. For example, the DiGaE Session

tool allows users to choose if they want Chat, Whiteboard,
and Conference during a session. Because of this feature,
the createSession, updateSession, and joinSession operators
were overloaded to support tools selection.

In order to retrieve or store persistent data, the logic layer
methods call the data access layer. In the data access layer,
the Session Manager DAOs module, through the Sakai Frame-
work, maps the persistent session-based context informa-
tion, using an integration of Spring and Hibernate. This
eliminates lots of code to interact with the database.

In the presentation layer, when users access their workspace
tools, the web container processes a JSF (Java Server Faces)
page. Our session-based tools (Whiteboard, Chat and Di-
GaE Session) presents JSF pages with options to create,
delete, update and list sessions, according to Sakai’s users
permission. The JSF pages communicate with the logic layer
through a session bean (or backing bean).

The interfaces in the presentation layer were developed con-
sidering a user-centered design approach. It consists of it-
erating design and evaluation phases in the development of
an application. By obtaining user feedback at each devel-
opment phase, an improved new version of the application
is build, achieving then a better usability level. The design
and evaluation of DiGaE environment and tools interfaces
is out of the scope of this paper. Interested readers can find
more information in previous work [20].

The presentation layer has no integration with the Session
Manager. This is the most laborious part when integrating
a tool with the operators, because the Session Manager does
not provide any support to session-based interface compo-
nents. We plan to define a set customized interfaces as a
workaround to this problem. We say “define” in the sense of
suggest as a good practice, but not implement because the
presentation layer is very technology dependent. For exam-
ple, we used JSF with RichFaces in our tools interfaces to
the Sakai platform. One could use JSP (Java Server Pages)
to the same platform. This would invalidate the interface
components implemented for that technology.

Using this flexible architecture, the TIDIA-AE tools were
integrated with the Session Manager modules, in the busi-
ness logic and data access layers (see Figure 2). The tools
and workspaces can now use session context information to
enrich ubiquitous applications capabilities, as we describe in
the next section with an example.

4.2 Session Automatic Startup
Let’s now remember the scenario described earlier, in which
a user enters a collaborative portal, such as Sakai, to sched-
ule a work session with his co-located team. Instead of access
the Sakai portal and enter the scheduled session in the tra-
ditional way, users can access it only with a click in their
desktops. In order to provide this ubiquitous functionality,
we used session context information together with web ser-
vices and a JNLP file to automatically log a user in DiGaE
Home session.

As previously explained, users can use the DiGaE Session
tool to schedule a DiGaE session, with may include the
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Whiteboard, Chat, Audio and Video tools.

In order to automatically start a DiGaE Home session, an
user must provide his login information, beyond the context
information necessary to configure a session. With the con-
text and login information, DiGaE Session tool generates a
JNLP (Java Network Launching Protocol) file that can be
downloaded to a user’s desktop.

When executed, the JNLP file calls the Startup class in Di-
GaE Session component. This class calls the SakaiLogin web
service to authenticate the user and to log him/her into the
Sakai portal (see Figure 2). Next, the Startup class calls the
DiGaE web service to obtain context information regarding
scheduled sessions. Using the user session information, the
DiGaE Session tool automatically logs the user into his/her
configured and ready to use session.

With this approach, users can take their JNLP file to wher-
ever they want and join DiGaE sessions only with the click
of a mouse. The tests with users in collaborative environ-
ments verified the convenience of this solution, as described
next session. This application shows how session-based con-
text information can increase the ubiquitous possibilities of
a system.

5. EVALUATION
Our main objective with the evaluation was to capture users’
impressions about using sessions in a collaborative tool and
about accessing a session using the automatic startup.

In order to evaluate the automatic startup and sessions we
used the DiGaE Home tool, illustrated in Figure 3(a); it in-
tegrates the Whiteboard, Chat and Conference tools. The
sessions were scheduled with the DiGaE Session tool, shown
in Figure 3(b) and (c). Figure 3(b) shows a session schedul-
ing, with objective description, date, time, participants, and
tools selection. Figure 3(c) illustrates all the scheduled ses-
sions for a specific user.

The evaluation was performed with 7 users, who were famil-
iar with collaborative activities and tools in general. About
45% of them were already familiar with Sakai and our tools
(without sessions), the others were familiar with other col-
laborative tools such as Skype 3 and Gmail/Gtalk 4.

The evaluators were asked:

1. To enter the DiGaE Home tool without scheduled ses-
sions – i.e., directly access the DiGaE Home integrated
tools.

2. To schedule a session, specifying title, the date and
time to begin/end, the participants, and the tools (White-
board, Chat, Audio and Video).

3. To enter the scheduled session (manually, not auto-
matically).

3www.skype.com
4www.google.com

4. To register the login information and download the
shortcut for the automatic session startup functional-
ity (JNLP file).

5. To use the JNLP file to automatically start a session.

6. To answer a questionnaire, which was prepared accord-
ing to ISO 9126 standard [18], which establishes six
characteristics applicable to any type of software. We
concluded that four of them fit the features we wanted
to evaluate in our tools: functionality, usability, effi-
ciency and reliability.

First, the DiGaE Home tool was compared with and with-
out sessions (activities 1, 2 and 3). When evaluating the
tool without sessions, users noticed it was faster than the
alternative. However, most of them considered the sessions
a very important feature in collaborative tools. Participants
selection, date/time definition, and other session context in-
formation are important to collaborative work coordination.
About the session scheduling process, all of them classified
it as being easy and succeeded after a few attempts. Most
of them thought the process to manually enter the session
is relatively fast and with an average number of steps – al-
though some users have reported a little amount of errors.

About the use of the automatic session startup (activities
4 and 5), the evaluators classified it as very easy and per-
formed the activities in the first attempt. Most of them
thought the feature is important because it simplifies and
speeds the entry of a user in a session. According to 72% of
the users, the method is very fast. No one reported errors.

We present the questionnaire results in Table 1 (activity 6).
The scores were divided into three satisfaction levels (Ex-
cellent, Good and Average) and one for unsatisfactory score
(Weak). The positive results suggest that participants sat-
isfied with the functionality, usability and reliability of the
DiGaE tool, and their main concern was the its efficiency.
Future evaluations should clarify if the concern relative to
efficiency is regarding the management of sessions or results
from the use of the individual tools which compose the Di-
GaE tool.

Functionality
Excellent Good Average Weak

Session 57% 43%
Startup 50% 50%

Usability
Excellent Good Average Weak

Session 50% 50%
Startup 58% 36% 6%

Efficiency
Excellent Good Average Weak

Session 36% 64%
Startup 72% 14% 14%

Reliability
Excellent Good Average Weak

Session 71% 29%
Startup 100%

Table 1: Questionnaire evaluation results.

128



Figure 3: (a) DiGaE Home tool showing integrated Whiteboard, Chat and Conference. (b) DiGaE Session
tool showing session scheduling. (c) DiGaE Session tool illustrating all scheduled sessions for a specific user.

6. FINAL REMARKS
In this paper, we have revisited advantages that sessions can
bring to collaborative work by means of adding and manag-
ing context information to facilitate scheduling and coordi-
nation of shared activities. We defined and implemented a
set of session operators that can be integrated into shared
workspaces and tools. We discussed the operators imple-
mentation in some tools in a well known collaborative envi-
ronment and we showed how session context information can
bring ubiquitous possibilities to collaborative teams, demon-
strated with the automatic session startup application.

We evaluated one of our session-based tools (DiGaE Session)
and the automatic session startup in DiGaE Home with col-
laborative environments users. The evaluation results were
considered positive, which motivated the integration of the
Session Manager with another tool our Platform: the Con-
ference tool.

The evaluation showed that our worst result is related to
efficiency. We plan to work around this problem in future
work in order to maintain the performance required in terms

of speed and resource usage. We should include, in this ef-
fort, support to manage availability by means of lightweight
negotiations as an alternative to handle interruptions, as in-
troduced by and Wiberg and Whittaker [31].

As another future work we plan to implement the Session
Manager as a web service to allow its use by collaborative
tools other then the Sakai Platform ones. This approach
should allow us to integrate in our infrastructure augmented
reality features, as discussed by Barakonyi et al. [2]

Finally, we plan to associate semantics to each session op-
erator in the future. An ontology should be developed to
the session model in order to better formalize how context
information is related to the session concept and operators.
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Gonçalves, and G. S. Filho. An infrastructure for
providing communication among users of virtual
cultural spaces. In Joint Conf. WebMedia & LA-Web
2004, pages 54–61, 2004.

[28] K. N. Truong, G. D. Abowd, and J. A. Brotherton.
Personalizing the capture of public experiences. In
ACM UIST, pages 121–130, 1999.

[29] V. H. Vieira, D. G. Sante, A. P. Freire, and R. P. M.
Fortes. A web service for CSCW applications. In Proc.
Brazilian Symposium on Multimedia and the Web
(Webmedia), pages 1–3. ACM, 2005.

[30] S. Whittaker, S. Tucker, K. Swampillai, and R. Laban.
Design and evaluation of systems to support
interaction capture and retrieval. Personal Ubiquitous
Comput., 12(3):197–221, 2008.

[31] M. Wiberg and S. Whittaker. Managing availability:
Supporting lightweight negotiations to handle
interruptions. ACM TOCHI, 12(4):356–387, 2005.

[32] N. Yankelovich, W. Walker, P. Roberts, M. Wessler,
J. Kaplan, and J. Provino. Meeting central: making
distributed meetings more effective. In Proc. ACM
Conf. CSCW, pages 419–428, 2004.

130




