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Abstract. The e-collaboration tools available in open environmeritsr ser-
vices supporting the interaction and the synchronizatetwben users, who are
typically involved in parallel activity spheres; e.qg.,fdifent projects and home
schedules. However, such tools provide the user’s withragpaiews on her ac-
tivities and collaborations; moreover, they support wpece awareness by de-
livering unstructured notification streams, which chajlerthe user’s attention
and cannot be filtered or grouped on a relevance basis.

As an answer to this issue, we present an Integrated Codlib®Environment
offering a unified view of the user’s parallel collaboratigpheres. This environ-
ment includes a notification management model supportiegétective deferral
of notifications on the basis of the user’s focus of attention

1 Introduction

With the large availability of wireless connectivity, bbband internet connections and
mobile devices, people result being on-line most of the tifiies Web presence offers
opportunities to manage different spheres of activity,cewning both work collabora-
tions, as done in project management and cooperative wayk éee [1]), and personal
commitments related to the users’ personal life. For instaas described in [2], work-
ing parents increasingly tend to handle life schedulinglsees a “holistic management
of personal, family and professional schedules acrosmgstand calendaring tools”.
Moreover, people exploit various Web applications to shpdretos, and other kinds of
documents, with groups of friends, as well as with larger cumities.

Currently, many applications support the synchronous aydchronous interac-
tion between users; e.g., Instant Messaging, Shared WackspForums, e-mail, audio
and video Web conferences, and similar. However, with tltoeption of some Project
Management vertical tools [3, 4] and domain-specific anaseisupport tools [5], these
applications are mostly available as distinct servicextvkoan hardly be integrated in
a unified environment supporting the user’s activities. §;ithe user is provided with
separate views on the state of the collaborations she isveddn. Specifically:

— Each tool separately handles a local definition of the collation groups and most
tools are unable to import the group definitions from othetdd Thus, the user is
forced to manage multiple instance of her collaboratiorugso

! Unless they are strictly related, such as some Google Apps.



— Eachtool presents the state of the user’s collaboratiomssraing the kind of activ-
ities it supports; e.g., calendar information, versus doent sharing information.
Thus, the user is provided with a partial view on the overglbd events concerning
her collaboration spheres (e.g., activities, commitmemtd tasks to be performed).

— As each tool separately handles its own awareness infaymatie user is over-
loaded with a flow of unrelated notifications, which cannoffiiered on a rele-
vance basis, or managed by following a specific notificatiolicy.

In order to get an overview of the events occurred within acjgeactivity sphere
(e.g., those concerning the presence of collaboratorsthensicheduling of meetings),
the user has therefore to extract the relevant awarenassnafion from the parallel
streams of notifications generated by the collaboratioftstebe exploits. This issue
becomes even more relevant if the user uses multiple toplsosting the same collab-
oration functions, e.g., one at work and a different one atdyaas all such information
streams have to be fused as well. For instance, [2] repoetglifficulties in import-
ing feeds from external calendars (e.g., those used by fldr@i's school to schedule
meetings) in the user’s working one.

The above discussion highlights the need for collaboratiosronments that enable
users to manage all their spheres of activity, by suppottiegntegration of external
applications, and offering a unified awareness support.ldsteaspect is particularly
important to make awareness information easily accesaittldo prevent the user from
being overloaded by flows of unrelated notifications.

As an answer to this issue, we developed an open IntegratéabGa@tion Envi-
ronment (ICE) supporting e-collaboration in multiple spreeof activity. The ICE is
based on the integration of a set of collaboration tools amdbe extended with addi-
tional applications, in order to provide new collaboratfeatures, or to comply with
specific user requirements. Given the set of integratedagtjgins, the ICE manages a
unified view of the state of the collaborations the user isived in and it provides a
context-aware delivery of the awareness information tauge. This is achieved by:

— Replacing the subjective view on collaboration groups,clvhihost collaboration
tools offer, with a centralized management of the activitheres and of the asso-
ciated user groups.

— Enabling the fusion of the awareness information generayedach of the inte-
grated applications. This fusion is based on the introdaaif an agent, thlotifi-
cation Manageythat acts as an intermediary between the user and the ckidn
environment and generates personalized notificationfiéouser.

This paper focuses on the provision of awareness informatia presents the noti-
fication management model developed in our ICE to adapt tlaeeavess support to the
user’s notification preferences. This model is based omrat've mediation policies
[6], which can be selected by the users. In particular, wethtce a selective deferral
of notifications based on their relevance to the sphere ofigatepresenting the user’s
focus of attention.

In the following, Section 2 deals with awareness in e-cataktion environments.
Section 3 describes the ICE and the awareness managemetiinSeprovides some
technical details. Sections 5 and 6 describe the relatedrels and conclude the paper.



2 Workspace awareness and interruption management

2.1 Background

The effects of interruptions on people’s activities haverbthoroughly studied in the
literature: it has been repeatedly noted that an intemuagtias a disruptive effect on
both a user’s task performance and emotional state [7—Qjs,Tinterruptions should
be limited in some way. They can be completely hidden to thex,uw they can be
deferred to a more convenient time. Different approaches haen considered in eval-
uating which one is best time for an interruption. One comrapproach is to defer
interruptions when a user is busy in some activities; eag [$0].

Interruptions are increasingly common in human computeraction. In fact, dif-
ferent agents, such as electronic mailers, Instant MegsgngOIP calling applications
are commonly present and active on many computers and figjatimathe attention of
the user when something related to them happens.

Moreover, interruptions are particularly critical in cafloration environments, which
base the awareness support on the delivery of notificatmtieir users. For instance,
in Computer Supported Cooperative Work, the notificatidratioer people’s activities
support group awareness during synchronous or asynchsamdlaboration [11, 12].
In fact, in order to correctly synchronize with each oth@pple have to be provided
with information about their collaborators, the activitiearried out, etc., in a similar
way to what naturally happens in colocated collaboratiogy; see [13, 14].

Indeed, a collaborative workplace poses novel issues coimceinterruptions:
coworkers may be involved in multiple tasks, belonging fifedént projects [1], there-
fore multiplying potential interruptions from colleagumsautomatic agents. In addition
to commonly used e-mail and instant messaging, other sodtagents such as shared
calendars and shared maps can become a source of notificatidnthus, of interrup-
tions.

2.2 Evaluation of notification management policies

The previous discussion suggests that a correct handlingerfuptions is critical to
achieve a balanced trade-off between interruptions andemeas. In this perspective,
we analyzed the impact on users of a set of notification piproviding different fil-
tering criteria for the organization and presentation ef dlwareness information. Our
hypothesis was that the overhead on users might be reduaaédigting the notifica-
tion delivery. As a collaboration environment can be usethémage parallel activity
spheres, each one generating its own awareness informagoimypothesized to filter
and defer notifications on a contextual basis. This led uypwotihesize some context-
based notification management policies that could be rofustigh to significantly
reduce the disruptive impact of interruptions in user’s lkydiut also as flexible as to
give the user an acceptable level of awareness of her codltdye’ activities.

We performed a test with final users (21 participants, 11 smated 10 females)
to evaluate the effects of interruptions by notificationsioollaboration environment.
Users were divided into three groups of 7 participants eanl, each group experi-
mented a different notification policy:



— In the no filter situation, all the notifications, from all the projects theetuwas
involved into, were submitted (7 notifications from 3 diffat spheres, originated
from regular users and administrators).

— In thecontext filtersituation, only the notifications from the user’s focus eéation
(i.e. the project she was actually working at) were submi(8notifications from
the sphere of activity of the user, originated from regukarg and administrators).

— In thepriority filter situation, the notifications of administrators’ activitiizgom all
projects, plus those included in the context filter, werensitied (4 notifications
from 3 different spheres; notifications from administraterere considered with
high priority and submitted even if originated from spheoésactivity different
from the user’s focus).

All the filtered notifications, if any, were displayed to theen when she completed
her main task, in the form of a single e-mail message.

Users were asked to perform a simple task (alphabeticattingoa list of names)
belonging to a shared project, and they were told that thistbde their main focus
of attention. They were also instructed that they were wadlin two other projects
(planning a conference and planning their participaticart@&nglish class) and that no-
tifications of other people’s activities concerning the sgrojects could interrupt them.
The experiment featured a total of seven interruptionsntdrruptions were generated
by natification pop-ups, six of which originated from incorgiemail messages and
one originated from an incoming request of instant mesgadihis is the detailed list
of notification causes, with the indication of which groypfsusers received it:

— An e-mail sent by the Travel Agency that communicates degdibut a reservation
for the Conference Project; this was sent to no filter users.

— A chat session with the Administrator of the Document Sgrfiroject; this was
enacted with no-filter and context filter users.

— An e-mail sent by the Administrator of the Conference Priofeat confirms the
reservation; this was sent to no filter users and prioritgifiltsers.

— An e-mail sent by a Colleague of the Document Sorting Prdfeitcontains as an
attachment an already sorted list that has to be mergedhetager’s document;
this was sent to all users.

— An e-mail sent by the English Teacher that communicatesiglethout the next
lesson for the English Class Project; this was sent to na (ikers.

— An e-mail sent by the Administrator of the English Class Ecbthat confirms the
attendance to the lesson; this was sent to no filter usersraniypfilter users.

— An e-mail sent by another Colleague of the Document Sortirajet that con-
tains as an attachment an already sorted list that has to lecthito the user’s
document; this was sent to all users.

Notifications pop-up windows were displayed in the low-tigbrner of the screen.
Users were told to behave in the most normal and spontanesue/ten reacting to an
interruption. For example, they could choose to access ¢amiail application to visu-
alize the full text of the e-mail and eventually reply to itjost ignore the notifications,
proceed with the primary job and then process all e-mail®dheir primary job was
fully accomplished, according to their personal attitudd eurrent state.



All the interruptions were simulated by the experimentexrVWizard of Ozmodality;
to be able to monitor a subject’s on-screen activity, a RB@\server was installed on
the subject’'s computer. The experimenter, through a chg@piication, watched the
subject’s task execution and simulated interrupting evamteal time.

At the end of the test, a NASA-TLX survey was submitted to teers in order to
evaluate their total subjective workload [15]. We analy#eel difference in the mean
workloads between the three groups. The mean workload ssguleby users in the no
filter situation was particularly high (mean = 57.55 in a scttbm 0 to 100). Mean
workload did not significantly decrease in the priority fils#tuation (mean = 48.68, T
=0.8371, p =0.430), while a significant difference was ndtetdveen no filter situation
and the context filter situation (mean = 36.96, T = 3.3575, p04 D).

The context filter emerged as the best choice for our nofidingtolicy. The prior-
ity filter (which featured only one more interruption thar tbontext filter) performed
particularly bad, especially with users that had no previexperience at working in
shared ambients, and was therefore discarded.

3 The Integrated Collaboration Environment

Our prototype ICE supports the coordination of personngvidies (professors, stu-

dents, etc.) within a University Department. The ICE cutlseincludes a calendar

management application, a document sharing tool and a ggananagement compo-
nent which handles the workflows of two University projects.

3.1 Architecture

The ICE is based on the SynCFr environment for the synchatiniz of applications
[16], which supports the sharing of context information agapplications, based on
the Publish and Subscribe pattern. The context informaticludes: (i) business data
and (ii) synchronization information (concerning, e.fg events occurring within the
applications). The integration of a software componertiégnvironmentis performed
by wrapping it with an adapter which addresses interopktalsisues and enables the
component to subscribe for the relevant context infornmatémd to publish the one it
generates; see [16].

Our ICE extends SynCFr with the integration of a set of congmisupporting the
user’s collaboration and the management of workspace aesseln particular:

— TheUser Agentmanages the identities and the notification preferencdseaisers
registered in the ICE. Moreover, the agent tracks the spifexetivity in their focus
of attention, while they operate within the environmengé Section 4.2.

— The Group Manageisupports the users in the definition of the spheres of agtivit
and of their associated collaboration groups. The sphemede private or shared
with other registered users. We assume that, within an argéon, a set of public
spheres is defined to organize projects and other similasitéet; moreover, any
registered user can create her own spheres, to integratesth@gement of personal
commitments with the workplace ones.

— TheNotification Managemediates the delivery of notifications to the user, accord-
ing to the notification preferences stored in the User Agent.



3.2 Notification management policies

The policies applied in our ICE are aimed at deciding whethentification should

be immediately delivered or it should be deferred. Accaydimthe results of the tests
described in Section 2.2, the criterion used to steer therdefof notifications is their

relevance to the sphere of activity the user is focusing mpalticular, the ICE offers

the following policies, which the user can explicitly sdtec

— The default policy is theontext filter which enables the immediate delivery of the
notifications concerning the sphere of activity in the usérstus of attention and
delays the other ones.

— The user can however set as her notification preferencedtiter policy, which
enables the immediate delivery of all the notifications.

— Furthermore, the user can keep tlontext filteras a default, but she can apply the
no filter policy to one or more specific spheres of activity; e.g., hmné one and
that of an urgent project. In this way, she can receive thdications concerning
such spheres as soon as they are generated.

In the management of deferrals, two main factors should kentanto account: on
the one hand, as noticed in [10], the burst of user activityadask typically lasts a
short time, after which she can be interrupted with lessugire effects. Moreover,
users should be enabled to select themselves the lateneydpgied in the deferral.
On the other hand, the users work in multitasking (see, E.@]); in order to support
workspace awareness effectively, at each focus shift theyld be informed about the
deferred notifications concerning the new focus of attentio

Given such requirements, our ICE enables the user to salechaximum amount
of time a notification can be deferred. While the user operateéhe ICE, she is no-
tified about all the deferred notifications as soon as oneayhtreaches the deadline.
Moreover, the environment delivers all the deferred nattfans at each focus shift.

At the actual stage of development, when a set of deferrafiqations has to be
delivered, it is reported in a single e-mail message, in m&trsupporting the user in
the inspection of a possibly long list of messages. The ngessaan interactive web
page in which the notifications are grouped by sphere of iactidor this purpose,
the page contains a set of clickable tabs, one for each spdnmeng which the user
can switch by means of a click. In order to highlight the nctifions concerning the
user’s focus of attention, the corresponding tab of the jrgeesented as the front one.
Each tab includes a list of message headers, availablekas kor each message, the
following information is displayed: (i¥ubject including the application that generated
the notification and the object; (i§endeyi.e., the user who originated the notification;
(iii) date By default, the list is ordered by date, but the user can s@$sages by
subject, or by sender. By clicking on a message link, a popingow opens to display
the message content.

4 Technical details

The management of the notification policies is based on thleraents: (i) The asso-
ciation of the events generated by the ICE applications ¢ir tteference spheres of



activity; see Section 4.1. (ii) The recognition of the uséstus of attentioni.e., of the
sphere of activity she is working at, at any given moment; Seetion 4.2. (iii) The
mediated notification management; see Section 4.3.

4.1 Contextualization of events

For each application integrated in the ICE, the adapter pirgpthe component is in
charge of tagging the events it generates with the spheretiitees they belong to, or
with the list of users involved in the event, depending onkiinel of component.

Specifically, if the component explicitly manages contdgtg., process manage-
ment components do that), the adapter can tag such eventspapgely. However,
most collaboration tools only support the sharing of olgegith sets of users; e.g.,
documents in GoogleDocs. In this case, the wrapper tagvére with the list of users
sharing the object. If the same users participates to maredghe sphere of activity, the
event is implicitly associated to all such spheres, and émisiguously tagged.

4.2 Analysis of the user’s behavior

From the viewpoint of the notification management, the sseehavior in the ICE is
summarized by two context variables:

— The user'sactivity statusspecifies if the user is active, idle, or off lide.

— Thefocus of attentiorstores the systems’s hypotheses on which sphere of activity
the user is working at: this is a list of spheres, represgraiternative hypotheses,
and is empty when the user is off line.

The User Agent associated to a usereceives the context information abduis
activities available in the Cross-Application Context andnalyzes such information
in order to update her focus of attention (hencefofth,

— When the User Agent receives the notification that the usactise, it initializes
F with all the user’s spheres of activity. Moreover, it sets tlistory () of the
discarded hypotheses to the empty litis a buffer of discarded hypotheses, which
might need to be rescued, given the new evidence about th's bebavior.

— Each time the Agent receives a new piece of context infoomatescribing a user
action (e.g., she has uploaded a documentin the shared sipacalyzes the refer-
ence groups (hencefortR() of the even Then, it updated andH accordingly.
We assume that, if there is no evidence of a focus shift, themser is continuing
to work within the same sphere of activity (continuity asgtion). Thus,F' andH
are updated as follows:

e If FN RG # (), we hypothesize that the new evidence contributes to céstri
the focus of attention. Lek” and H' denote the updated values Bfand H,
respectively. Thenf” = F'N RG. Moreover,H' = FU RG — F'. This means
that the history is cleaned; then, it is set to the hypothpstsliscarded from

2 This is sensed by the Instant Messaging application emioeiddge ICE.
3 This is done by retrieving the spheres of activity to whicisadf users belongs.



the focus of attention plus those provided by the new evernttwivere not
included inF’ because they were not consistent with the continuity assamp
(they introduced new focus hypotheses). For instance caguiat is {G3},
that the focus i§G1, G2} and that the new event is tagged{@sl, G4}. Then
F'={G1}andH' = {G2,G4}.

e If FN RG = ), we assume that the user has shifted to a new sphere of activit
Thus,F’ = RG.

Notice that the ICE components publish events concernitigy the actions performed
by the user and those triggered within the applications skes.U-or instance, Google-
Docs can be polled to retrieve events of ty@@®cunment X upl oaded by user

Y at time T] each time a user saves a hew copy of a documendr the docu-
ment is automatically saved by the application. Thus, therldgent receives a regular
flow of evidence while the user is active in the ICE. When ther ftd activities stops,
the Agent sets the focus of attention to the empty list.

4.3 Natification Management

The Notification Manager handles the notifications dired¢tedach user registered in
the ICE by filtering them according to her preferences. Eaulk in event concern-
ing the user is published in the Cross-Application Contthe, Notification Manager
operates as follows:

— Ifthe user is off line, it stores the event in an internal buffvhen the user is on line
again, it discards all the events older than 24 hours; theneirges the other ones
(cleaned from redundancies) into a message, structuregbkasioed in Section 3.2,
and sends the message to the user by e-mail.

— If the user is on line, the notifications are delivered, ordefd, depending on her
policy preferences:

¢ If the user has selected the filter policy, the Notification Agent notifies the
user by generating an Instant Message via the IM application

¢ Otherwise ¢ontext filte), it reads the user’s focus of attentidn)( and calcu-
lates the intersection betweBrand the tagging information of the eve R@).
If FN RG # 0, or one of the reference groupsRG belongs to theon fil-
teredspheres, then the Notification Manager sends the notifitédithe user;
otherwise, it defersiit.

If the user’s is online but the focus of attention is emptys tmeans that the user is
working outside the ICE. Thus, the Notification Manager defal the notifications,
except for those concerning then filteredspheres.

5 Related Work

The notification management approach presented in thig pased on the mediated
notification management model, which is largely used andbkas identified as one of
the best performing methods; see [6]. In particular, ourag@gh extends previous work



on priority-based notification with the management of gafaiotification contexts,
representing different priorities for the user. Differdrdm the work in [10], where
the notifications are filtered on the basis of their featueeg.(the sender, priority of
a message, etc.), we base the management of notificatiome @plere of activity to
which they belong. Specifically:

— We introduce aontext filterpolicy, which delays the delivery of the notifications
belonging to spheres of activity out of the user’s focus ¢érgtton. This policy
implements a context-dependent notion of priority, suédbr the environments
supporting the management of parallel activity sphereswaunitple collaborations.

— We introduce a context-dependent model for the presentafithe notification to
the user, in order to support the inspection of the awarenémsnation concerning
the various spheres of activity she is involved in.

This differs from the awareness support offered by e-collation environments such
as BSCW [18], or MyWebDesktop [19], which support the mamagpet of parallel
collaboration groups, but only filter the notifications oruéscription basis.

Our work strictly relates with the ecology of collaboratioproposed by Mark and
Su in [1]. However, our activity spheres are more generat tih@ working spheres
introduced in [1] and can be used to represent any kind ohboHation the user is in-
volved in: both work and personal ones. Moreover, while Mar#l Su focus on whether
the user can be interrupted, depending on her working spberevork aims at steering
the notification management.

6 Conclusion

We have described an Integrated Collaboration Environm{$@E) supporting
e-collaboration within multiple spheres of activity; e.different projects users are in-
volved in at work, their social activities, and so on. Speaify, we have focused on the
notification managementissue and we have defined a novétatitin policy support-
ing the context-dependent delivery of messages to the Weehased the definition of
our notification policies on the results of a user test cdraet within our lab; the test
evaluated theontext filter which defers notifications on the basis of their relevance t
the user’s focus of attention, as the policy most suited éaber’s needs.

The next step of our work is the evaluation of our ICE protetygith users. In
particular, we will focus on the proposed notification magragnt policies, in order to
evaluate the impact of the ambiguity in the identificatiothaf focus of attention on the
selection of the notifications to be deferred.

Currently, we do not analyze the user’s activities in detad., to identify different
phases in the execution of a task; e.g., see [17]. This aralyight be part of our
future work, in order to investigate the adaptation of ncaifion deferrals to the user’s
attention level. In our future work, we will also deal withiyacy issues; see [20—22].
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