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ABSTRACT where A and B are co-located and hence share the same work con-
text, they can be mutually social aware [13]. If A and B are not
co-located, other means of mediating information about the work
context might be used. The ‘online’ and ‘status’ information in
the buddy list of Instant Messaging (IM) systems is an example of
computer mediated social awareness. Studies of IM show that IM is
used to provide a peripheral social awareness of fellow workers and
friends [21]. These studies, however, also show that IM systems
can be interruptive. IM systems rely on the discursive paradigm
|of interaction, and as result IM increases the level of interruption.
Presence is often negotiated with sentences like “are you there” or
"“do you have a moment”. Hence, IM takes the opposite direction
of ‘social awareness’ as researched in CSCW.

Maintaining social awareness of the working context of fellow co-
workers is crucial to successful cooperation. For mobile, non co-
located workers, however, this social awareness is hard to main-
tain. In this paper we present the conceptGiintext-Mediated
Social Awarenes® denote how context-aware computing can be
used to facilitate social awareness. We illustrate the concept in a
case study of mobile collaboration in a hospital and presents the
‘AwarePhone’, which is designed to support context-mediated so-
cial awareness among hospital clinicians. Based on this conceptua
and empirical basis, the paper present the AWARE architecture
which is a generic platform for supporting context-mediated social

awareness. . ) .
Furhermore, if people are mobile, the problems about negotiat-
ing presence increases, For example, when using mobile comput-
Keywords ers, a user cannot implicitly obtain the location of a person just
Context-aware computing, social awareness, mobile computing, ubi§écause he is online. Mobile, pervasive, and ubiquitous computing
uitous computing, pervasive healthcare, AwarePhone promise computing power ‘away from the desktop’ which is highly

relevant in much work not done at a desk as in a hospital. A core
challenge is, however, to provide cooperating users in a ubiquitous
1. INTRODUCTION computing environment with a social awareness of each another.

Inherent to cooperative work is an overhead in establishing the As argued above, this basically relies on mediating an awareness
cooperative or coordinative effort, which potentially implies inter- about users’ work context. In this paper we call this mechanism of
ruptions and disturbances of your fellow colleagues. For example, establishing social awareness amongst colleagues through access
when a nurse needs the presence of a physician in case of a sever® their working contex€Context-Mediated Social Awareness
ill patient, s/he often calls the physician on duty, thereby interrupt-  The purpose of this paper is twofold: First, it aims at introduc-
ing his or her current activity. ing the concept of context-mediated social awareness, and second it

Sharing information about the current work context of one an- aims at presenting a general-purpose architecture for mediating so-
other is a core mechanism for initiating a proper conversation be- cial awareness in cooperative work by facilitating an awareness of
tween cooperating partners. Tliscial awareneskelps to judge users’ work context. This architecture applies the notiocooitext-
how to engage in a cooperative effort. For example, nurses spendaware computingo reveal a sense of users’ context as a fundament
time on maintaining a mental picture of where relevant physicians for mediating social awareness among people. Both the conceptual
are, their current workload, and their schedule for the day. When discussion of context-medicated social awareness and the technical
a nurse needs to contact a physician, this picture helps her decidearchitecture are based on studies of, and design for, clinical work
who to contact, when, how, and where. in hospitals.

Basically, social awareness relies on knowing Wuark context The paper is structured as follows: Section 2 provides the pa-
of a person. Hence, person A has a social awareness of person Bper's theoretical background by defining the concept of ‘context-
if A have access to the work context of B. In an operating room, mediated social awareness’. Section 3 and 4 provide the empir-

ical background for the paper. Section 3 describes a field study
of context-mediated social awareness in a surgical department, and
section 4 describes the design, implementation, and evaluation of
the ‘AwarePhone’ system that supports mobile social awareness.
Permission to make digital or hard copies of all or part of this work for - This theoretical and empirical foundations have been used in the
personal or classroom use is granted without fee provided that copies aredesign and implementation of the AWARE architecture described
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2. AWARENESS IN CSCW entire context, it is the actor's current activity that decides which

The concept o€ontext-Mediated Social Awarenesims at min-  Part of the work context should be monitored [13, 27].
imizing unwanted interruptions between mobile, distributed co-workersl e opposite term of monitoring is calletisplaying Display-
by enabling a social awareness through the use of context-awarened89 describes the implicit or explicit signals a given actor uses to
systems. In this section we present and discuss these core concep@how specific aspects of his or her current situation, which could

in turn. be useful or relevant for the other actors in the context. Just like
) monitoring, displaying is a selective activity. It is the actor who
2.1 Interruptlons selects which aspects of a given work situation to display [13, 27].

Interruptions are inherent in cooperative work. Studies of orga- . .
nizational and office work show that 90% of brief conversations are 2.3 ~Mediated Social Awareness
unplanned [31], and hence are potentially interruptive [26]. Abasic  Most of the research done on social awareness only discusses
asymmetry exists in the relationship between the initiator and the social awareness in settings where the people in question are co-
recipient of an unscheduled conversation; while the initiator ben- located, or at least have visual cues about what is going on.
efits from the rapid response the recipient is interrupted in his/her ~ When non co-located people cooperate and work in a distributed
current activity [21]. Studies show that only 55% of people who are manner, social awareness cannot be obtained directly but is often
interrupted continue their previous activity [22]. A common strat- mediated by social artefactdn hospitals, whiteboards are often
egy for receivers of communication requests is to block incoming used to communicate e.g. status information to all relevant person-
calls [7]. However, in many cases — especially in hospitals — this is nel in a ward (e.g. [1, 32]). By combining knowledge of work set-
not an option. tings with different cues in the environment people find hints about
Seen from the initiator’s point of view, a key problem is to locate their co-workers’ context. By looking at a desk, you might be able
and get the attention of the person with whom he/she wishes to to tell if the person is at work or not, if s/lhe has been busy before
converse [21]. About 60% of workplace phone calls fail to reach leaving the desk, and what s/he is currently working on. Similar
intended recipients because they are not present, or they are alreadinformation can be obtained by looking in online calendars, check-
talking to someone else [22, 31, 28]. ing meeting rooms, or looking into the operating room at a hospital.
These figures are not confirmed in relation to hospital work, but Hence, people use ‘context cues’ observed in their environment to
studies of hospitals qualitatively verify that interruptions, ad hoc maintain some kind of social awareness — or to put it in other words;
conversations, and acute crisis management are core parts of workthe working context is used to mediate social awareness
ing in a modern hospital [1, 5, 3, 32, 25].
: 2.4 Context-Mediated Social Awareness
2.2 Social Awareness . ) -
i i ) In context-mediated social awareness the two terms monitoring
Ethnographic studies of co-located cooperative work show that 5 gisplaying describe relevant issues. People can display their
people tacitly and unobtrusively align and integrate their activities ., rent status through the work context by leaving cues — deliber-
in a seamless and highly s_ophisticated manner without interruptin_g ately or not. In a hospital ward, for example, a secretary can place
each other. The term ‘social awareness’ has been used to describg hatient's medical record clearly visible at the edge of the desk
this practice [27, 13]. For example studies of control rooms [14] iy order to display to the doctors, that a new patient has arrived.
and of operating rooms [13] reveal the subtle social mechanisms, ogain people do not necessarily monitor the entire context. If a
which help people adjust their own effort according to others co- qqctor does not expect any new patients s/he might not notice the
located with them. Social awareness thereby helps to minimize yo.rq at the secretary’s desk at all. The use of computers is also a
interruptions and disturbances when engaged in cooperative work,sqrce of displaying and monitoring contextual information of fel-
a phenomenon that Schmidt calls ‘appropriate obtrusiveness'’: low co-workers. For example, by updating (and making publicly
“In monitoring the work of others and in displaying gvailable) an.on-.line calendar, or by setting the status information
aspects of their own work, actors exhibit great care and in an IM application.

much skill in choosing an interactional modality that We suggest that computers can suppqrt context-mediated social
is obtrusive or unobtrusive to a degree and in a manner awareness by presenting remote users with context cues. Such con-

that is appropriate to the situation at hand.” [27, p. 292] text cues can be_ obtained and providedcb;ntext—awgrenessys-
tems [10]. In this paper, we do not focus on traditional context-

Appropriate obtrusiveness can be seen as diametrically opposedawareness. That is, we do not try to give the computer a sense of
to unintended interruptions. Social awareness is a mechanism forthe user’s context, but rather focus on distributing context aware-
making appropriate interruptions adjusted to the nature and urgencyness to other users of the system. Hence, some of the context in-
of the current task. However, social awareness is not a simple formation a context-aware system observes can be used as context
mechanism, which is easily implemented in computer systems. It cues to make people social aware of each other. Several projects
is a highly active and coordinated activity. Heath and Luff use have shown how the context cue “where people are located” can
the concepts ‘monitoring’ and ‘displaying’ to highlight these as- be gathered by context-aware systems and presented to the user to
pects [13]. support some kind of social awareness [10, 9, 30]. The weakness in

Monitoringis used to describe the action where an actor actively many of these systems is, however, that they only support a single
monitors the activity of other people in a setting. The act of mon- context cue (i.e. physical location), which could indicate several
itoring does not disturb the person monitored. Monitoring is also very different activities. For example, if a surgeon is situated in an
characterised by being a very focused and selective process. It isoperating theatre s/he might be there to operate, to get a specific in-
only the part of the context relevant for the specific actor that is strument, to ask for advice, or something completely different. We
monitored. The monitoring actor combines the observed activities therefore suggest that users of a context mediated social awareness
with an understanding of the work setting to create a kind of social system are presented with a set of different but relevant context cues
awareness about the status and activities of the other participant ininstead of just one. Furthermore, it is important to enable people to
the setting. Thus, the monitoring actor does not always monitor the ‘display’ context cues about themselves.



2.5 Supporting Appropriate Obtrusivenessover propriate obtrusiveness. However, because medical cooperation is
Distance distributed in time and space, this often proved difficult. Let us

Most studies of social awareness and appropriate obtrusivenes<Onsider three typical work situations at the department.
are based on studies of co-located people, or people who work in 3.1 Apprenticeship

close proximity of each other, like in an operating theatre or in an ] ) . .
office setting. It is almost impossible to maintain the same rich  APPrenticeship denotes the situation where a young and less ex-

social awareness between people, who are distributed over a wideP€rienced doctor has to draw on the knowledge of a more expe-
area, like a large hospital. However, our suggestion is to use con-enced doctor. The following observation illustrates this kind of

text aware systems that supply relevant context cues to users in or-Situation.

der to provide a context-mediated social awareness, which is useful
over longer distances. This computer-based context-mediated so-
cial awareness can be used to time cooperating sessions and thereby
minimize unwanted interruptions.

Furthermore, a core question in supporting appropriate obtru-
siveness is to provide people with appropriate communication and
cooperation mechanisms, once they need to engage in closer col-
laboration. If people are co-located they can use subtle mecha-
nisms to initiate cooperation in combination with monitoring oth-
ers and displaying their status. For example, by leaning forward,
by looking at a person, by raising their voice, or by talking aloud.
However, when people are dispersed, the possibilities available are
much more limited. Basically, two types of communication can be
identified. The first one is direct synchronous communication, e.g.
which the IM, telephone, or video conferencing systems support.
The other is asynchronous messaging systems that allow the use
to leave a (prioritized) message to the recipient. The recipient can
then react on it, when convenient.

By combining context-mediated social awareness with differ-
ent mechanisms for initiating cooperation sessions, a person, who

gifeds to co_opbelrate with a refmote co-wo_rker_, can cdhoose betyveerbe provided with some kind of social awareness about the status and
lfferent suitable strategies for communication and cooperation. e eahouts of more experienced doctors, it could help him or her

For example, find the co-worker and. h'?\ye a face to face conver- choosing the one who was nearby or did not seem to be too busy.
sation, make a phone call, send a prioritized message, choose an-

other co-worker to cooperate with, or just wait and see if itis more 3.2 Cooperation between professions
ap\r/J\/ropIrllatefto contact thehpe_rs_on Iater_.bl K . . Cooperation between clinical professions is extensive in a hospi-
e therefore suggest that it Is possible to make more “appropri- tal, due to its high medical specialization. The following observa-

a.te interruptions’ if c.jlspersed. co-workers are supplled with some tion concerns the cooperation between a doctor and a nurse:
kind of context-mediated social awareness of their co-worksrs

A young doctor is treating a patient and is checking

an open wound to see if it is possible to put the trans-
planted skin on. The wound has been bleeding a lot
and is flawed close to the edges. It might on one hand
be better to wait transplanting the new skin until the

wound looks better, but on the other hand the trans-
planted skin might protect the wound and make it heal
faster. The young doctor starts looking around for a

more experienced doctor at the ward. Finally, he finds
an experienced doctor in an office one floor up, and
together they move down to the ward to look at the
wound.

This situation was very typical at the department and shows how
clinicians seldom have a clue about where to find a colleague, nor
what s/he does at that moment. At the workshops, it was proposed
to use a computer system for providing junior doctors and nurses
with an easy and fast way to contact more experienced doctors. The
less experienced doctor was often engaged in e.g. treating a patient,
when they needed an advice immediately. If the young doctor could

well as different kinds of mechanisms for initiating cooperation A patient wants to be transferred to a hospital closer
sessions. to his home. The patient asks the nurse when he is
able to leave. The nurse calls the doctor on his pager
and waits. Nothing happens. Se looks at a printout of
3. A CASE STUDY §ene "

all the doctors’ calendars, and the responsible doctor
Cooperation, coordination, interruptions, mobility, and social aware-  is apparently doing something called ‘visions’ today.

ness are key characteristics of hospital work [1, 5, 3, 25, 32, 13]. The nurse wonders what ‘visions’ means and tries to
To explore the notion of context-mediated social awareness we car- find another doctor to ask if s’lhe knows what ‘visions’
ried out 80+ hours of focused participant observation [15], held is about. The other doctor has seen the doctor in ques-
three future workshops [17], and one evaluation workshop (see sec- tion this morning and tells the nurse he will be down
tion 4.1). The site chosen was the department for plastic surgery at any minute. The nurse moves on with some other ac-
the University Hospital of Aarhus. Nurses, surgeons, and dentists tivity and later she catches the doctor and asks him to
participated in the study and workshops. see the patient.

Due to the specialized nature of medical work in hospitals, co-
operation and hence coordination is absolutely central in achieving When different professions need to cooperate the situation is
the flow of work. Furthermore, medical staff at hospitals are ex- sometimes the same as in the ‘apprenticeship’ case, i.e. a need for
tremely mobile visiting many different buildings and floors in one urgent help. However, in many cases a nurse, for instance, just
day [3]. Hence, a common observation is that much time is spent wants to get hold of a doctor during the morning — not necessarily
looking for co-workers and trying to locate them. Furthermore, right away. At the workshops this situation was transformed into a
interruptions are very frequent because telephones and pagers argision of being able to leave ‘virtual’ post-it notes for the doctors.
used extensively. A nurse, for example, is typically disturbed by For example, a note on “Please contact me when you have a mo-
doctors inquiring about a patient; by a fellow nurse who needs help; ment.” Many of the nurses also spent quite some time figuring out
or by a patient ‘pulling the string’, thereby triggering the alarm. what the doctors were actually doing at that moment. For example,

Our studies revealed that clinicians at the department were strug-in the observation above the patient was eager to go home, and he
gling to maintain a mutual social awareness and to exercise ap-was continuously asking the nurse when the doctor would come.



During the workshops it was discussed how knowledge about what = Taking the need for direct communication and mobility into con-
the doctors current activities and hints about his plans for the day sideration, a high-end mobile phone was a natural choice as a plat-

would help the nurses answer such questions. form for communication and social awareness — hence the name
. . ‘AwarePhone’.
3.3 Temporal Coordination Figure 1 shows the two main user interfaces. On the left is the

Most tasks in a hospital have to be done in some temporal or- contact list(‘Kontakt’ in Danish), which shows the user’s list of
der [1]. The patient has to arrive at a hospital before s/he can be contact persons as initials (e.g. ‘JL for ‘John Larson’). Associated
treated; the patient has to be anaesthetized before s/he can be opelo each person on the list are three context cues presented: (i) ‘Per-
ated, and so on. Temporal cooperation categorizes situations whereonal Status’, which can be set from the phone, (i) ‘Activity’ as

doctors or nurses are waiting for something to happen. displayed by an electronic calendar, and (jii) ‘Location’ as revealed
by some automatic location detection system. These three context
During an operation, some lymph nodes are being re- cues came out pf the field study and was choosen at the Workshops.
moved from a patient because there is a malignant When selectlpg a contact from the list, the user can choo_se ei-
cancer in the nodes. After the nodes have been re- ther to phone him or her directly, or to leave a prioritized written
moved the surgeon takes five samples from each side message. Because the AwarePhone client runs on high-end mo-
of the wound and sends them to the laboratory. The bile phones, it can directly place calls using the embedded phone
laboratory has to test the sample to see if the edges are servic_e on _the device. T_h_e_ user can c_hange status information by
free; that is, to check that the entire infected area has selecting his or her own initials on the list. _
been removed. If the lab result is positive the wound _ The _rlght-ha_nd SI_de of flgure 1 _shows thmes_sage I|s(fBesk¢_ad’ _
can be closed, if the result is negative more skin has |nll?an|sh), which dlsplqys incoming and aqtlve messages in a pri-
to be removed. While the lab is doing the test the doc- oritized order. F_rom this screen it is possible to read, reply and
tor keeps busy doing something different however, he delete the incoming message.
is constantly checking for the lab result.
In this case there is a need for being notified when some event J&,i?.::ﬂﬁ;?h _

has happened. In the case above it is important that the doctor BK (Ambulotorium) B8 | Hode senere...

react on the message right away, but in other cases it might not Pirrbsudatorium (11-15) | Amb? B4 | ABC besked...

be as urgent. At the workshops, a need for some kind of priority TR (Stuegang)

mechanism was discussed. This should ensure that high prioritized Operation (3-12) | 517

messages are clearly attended to, while low prioritized messages {ontakt - Becked Kontakt Besked

could be delivered without interrupting the doctor’s current activity. —

3.4 Social Awareness and the Context Figure 1: The User Interface of the AwarePhone. Left: The

We also found that the context was used to mediate sociale aWar_contac.t list with three users listed. .Right: .The message list with
ness. In the three work situations described above the doctors and®"€ Voice message (‘Talebesked' in Danish) and three text mes-
nurses lacked an awareness of other people in the work context.S29€s Wwith a subject line.

Because people were not co-located, it was impossible for clini-

cians to do displaying or monitoring of each other’s activities. One ~ The AwarePhone is implemented in a Nokia 7650 mobile phone

way the doctors and nurses tried to address this situation was to usgunning the Series 60 system from Nokia, based on the Symbian
the context to provide awareness about the other people in the work6.0 operating system. It communicates with a server, which holds
context. The doctors’ calendars were printed and placed next to a@ list of users and distributes the context data on location, activity,

list describing in which bed to find which patients. However, pa- and status, as well as the messages. In the initial implementation

tients were moved around and the doctors’ schedules were change@f the server there was no concern for scalability or tailorability.
all the time, which resulted in outdated information. This implies, for example, that the contact list for all users is the

same, i.e. a list of all users. The initial AwarePhone prototype also
uses a ‘Wizard-of-Oz' technique for providing context information
4. THE AWAREPHONE on ‘Location’ and ‘Activity’, by having a programmer manually
In the future workshops, we discussed the use of computer tech-update this information on the server.
nology to support social awareness amongst dispersed collaborat- . .
ing workers, thereby lowering the amount of unwanted interrup- 4.1~ Preliminary Evaluation
tions. Based on these workshops, we identified the following re-  Clearly it is hard to evaluate a system, which is designed to re-
quirements: duce unwanted interruptions and support social awareness without
putting it into use. However, to get some feedback on the design
1. The system must support some kinccohtext-mediated so- ~ and to evaluate the applications we held a one-day scenario work-
cial awarenessy presenting several context cues to the users shop. Pictures from the workshop are shown in figure 2. Three doc-
of the system. tors and three nurses participated in role-playing a set of scenarios
taken from our initial observations at the department. The role-
2. The system needs to suppdirect synchronous communica-  playing was followed by a semi-structured interview [23] about the
tion that allows doctors and nurses to discuss cases in an easyidea of context-mediated social awareness. Based on this workshop
way we were able to draw the conclusions discussed below.

3. The system must support the exchangemidritized mes- 4.1.1 Context-Mediated Social Awareness
sagedy placing a virtual post-it note on a co-worker. During the role-playing sessions, some of the participants quickly



However, many of the clinicians also expressed concerns about
revealing location information. They anticipated a lot of organi-
zational resistance against being tracked if location was used to
monitor people. If, for example, it was possible to see the length
of a coffee break or calculate the time spent together with patients.
Methods for maintaining ‘location-privacy’ was discussed by e.g.
enabling users to decide for themselves whether to reveal location
information, or not to save location information over time, thereby
having no history on the location of persons.

4.1.2 Methods to initiate cooperation

The ability to phone another person directly was highly appreci-
ated — it removed the cumbersome use of pagers today, and enabled
people to talk directly. Combining this with a social awareness of
the recipient’s current working situation helped the caller place ap-
propriate calls.

Concerning the messaging system, the AwarePhone has a set of
pre-made text messages to choose from. During the interview the
adequacy of this functionality was discussed. The doctors stated
started to take advantage of the social awareness information, as ilthat a set of standard messages would be sufficient in 90% of their
lustrated by the following transcript: cases, and the last thing they wanted was to spend time typing in
messages on the phone or engaging in some sort of instance mes-
saging on the phone. The nurses were more interested in the possi-
bility to write messages on the phone or from a computer. In gen-
eral, the nurses were interested in the ability to send short messages
to the doctors, as the following two transcripts highlight.

- '&"

Figure 2: Images from the Evaluation Workshop.

[Context: The doctor needs to contact a nurse]
Doctor: “But, but, | do not know where to find her”

Nurse: “It is written there [points at the phone], | am

in ward 7”

Doctor: “Ah, okay” [looks down at the phone] [1, Nurse: “I would also find it nice to be able to send

4:20] a message to you [the doctor], for instance related to
the ward round. Then you can just send a standard

Context-mediated social awareness was especially mentioned as
useful in the apprenticeship situation where a young doctor needed
to contact a more experienced doctor, mainly because it allows a

message back to me.” [2, 26:20]

Nurse 1: “We have a slip of paper attached to the mir-
ror in the office — a slip of paper where we write what

prioritizing or work division between the more experienced doc-
tors. The following transcript is from the discussion about social
awareness.

we want him (the doctor) to do. And then we expect
that the doctor by himself comes by and checks what
we want him to do. But he does not do it! So we call

. his pager and run around [to locate the doctor].”
Doctor: “It [Social Awareness] would be a clear ad-

vantage. It is a prioritizing mechanism. For instance
at our ward, we have three of the ‘old ones’ you can
contact. It would be nice if you could see who you

can contact, what we are doing, if we are operating. It
will always be the case, that if a doctor is in the out-

patient clinic, he will be easier to disturb. It states a
prioritizing order.” [2, 28:06]

Nurse 2: “It would be really clever if we could type
in what we want the doctor to do and the doctor could
then report back when he has the time.” [2, 29:50]

The nurses liked the message system because much of their work
was characterized by situations where they wanted the doctor to
stop by, but it was often not urgent. They saw prioritized messages
as a good mechanism for notifying the doctor without disturbing

During the follow-up interview, we discussed the three context M- However, using the SMS-keyboard on a mobile phone was
cues on the AwarePhone. All participants agreed on the advantagesdeemed problematic for most USErs. He.“ce'. there was a ”‘?ed for
in supplying more than one context cue. The calendar information Providing access to the messaging functionality from other clients,
was mentioned as a good and obvious idea and not discussed fur!ike desktop computers running the electronic patient record.
ther. The ability to set your own status was also mentioned as a
welcome feature, as long as the different status types were general.5- THE AWARE ARCHITECTURE
Status text should denote activities that you plan to be doing for a  Reflecting on this theoretical and empirical foundation, there is
while (like operating). Several of the participants made a strong basis for asking what the more general technical support for social
point against having to change your status all the time (e.g. provid- awareness would imply. The design and evaluation of the Aware-
ing detailed status information during a surgical procedure). The Phone raised several questions:
last context cue was location. Most of the participants found it very
useful to be able to locate other doctors and nurses, especially in
large departments. The following transcript illustrates this point.

1. How could we provide general support for context-mediated
social awareness by enabling users to display and monitor a
set of context cues relevant to different situations over dis-

Doctor: “It would be really useful to be able to find tance in time and space?

people, because when | was working in the department
E, the orthopaedic department, when | was down there, 2. How could we support multiple devices besides the Aware-
it was almost impossible to find people.” [2, 42:35] Phone?



3. How could we support other working environments than the This is a simple list of other users in the AWARE system, much like

surgical department? For instance other medical departmentsthe list of contacts in an IM system.

home care nurses, or mobile information workers? An important quality of the AWARE architecture is its event-

] ) based infrastructure. Hence, when changes to a user’s context takes

4. How can we support various context-sensing technology and pjace, relevant clients are notified. For example, if person A have

data types? person B in his list of contacts, then A is notified if person B
moves from one location to another, or other context information
is changed. Similarly, if person X sends a message to person Y,
and person Y reads this message, then this information is propa-
gated to person X's device. Applications running on the device can

tecture. The design of the AWARE architecture is based on the con- now treat these events appropriately, i.e. updating the user-interface
or notifying users. This event-based quality of the architecture is

cept of context-mediated social awareness in mobile, distributed . S L .

cooperation, and is grounded in our qualitative research of cooper- _accompllshed by thEn_tlty Listener which IS listening to changes
ative work in hospitals. The core idea in the AWARE architecture is in context m_forr_nat_lon In the Context Service, and by Message

to combine CSCW system components for providingial aware- Listener which is listening for new messages or status changes to
nessamong collaborating users with Ubiquitous Computing com- messages. . . . .

ponents for obtainingontext-awareneshis two-fold strategy is In order to support different kinds of client devices, the Aware-

also reflected in the architecture, as discussed below and shown in1€ss Gateway is able to transform protocol-specific requests to the

figure 3. Even though this architecture takes the extreme mobile ﬁgf\freness Seg\_/lcetan?_tra;nsl_ﬁ? ”;';'lmc’tﬁs'ngllthi.'nter?g: AXVF'?‘IRE
collaboration in hospitals as its initial case, the goal is to make a ; ?rr] reépo? '?g oc 'entﬁ' A IS IS Seco. ec Iondoth i/l S
generic design applicable in other settings characterized by mobile rom the Lontext Service, the Avareness Service, and the Message

cooperation over distance, like mobile office workers. This section Service, respectively. Examples of requests are:

5. How can we support different kinds of messaging and col-
laboration services?

To address these questions we have designed the AWARE archi-

presents the design and implementation of the AWARE architecture e getAllContacts() returns all contacts for a user using

as a framework for creating context-aware applications mediating the Awareness Service.

social awareness. The AwarePhone described in section 4 has been )

re-implemented on top of the AWARE architecture. » sendMessage() ~sends a message using the Message Ser-
The architecture of the AWARE framework is shown in figure 3 vice.

and is organized in four layers. Thelient layer contains end- e setContextltem() changes some context information

user applications using the framework as a back-end system. The in the Context Service, e.g. status information for a user.

Awareness layecontains theAwareness Servicavhich maintains

an awareness of people, how they socially link together, and how An important responsibility of the gateway is to know how to
to reach them. The Awareness Service is described in details incontact a user, by knowing his current device (e.g. a mobile phone),
section 5.1 below. Furthermore, the Awareness layer in our current itS communication protocol, and relevant technical information on
implementation containsiessage Servi¢&hich is a simple mes- physical addresses and communication port numbers. This is used
sage broker supporting the requirement of being able to post mes-for event-notification. The Awareness Gateway is designed accord-
sages to colleagues. Such simple messaging functionality is fun-ing to the ‘Strategy’ design pattern [12] by haviRgotocol Con-
damental for simple communication and coordination, and hence vertersas plug-ins to the gateway. These protocol converters maps
for maintaining social awareness. Strictly speaking, the Message between one protocol (e.g. HTTP) and the API used by the services
Service is an ‘optional’ part of the AWARE architecture because running in the AWARE Architecure.

it could be replaced by an IM service, a SMS/MMS message ser-  Currently we have built converters for HTTP, Java RMI, and
vice, or another more elaborate cooperation and/or workflow sys- special-purpose PHO protocol for communicating with the Aware-
tem. However, in the design of client applications on top of the Phones. The PHO protocol allows clients to communicate with the
AWARE architecture, it turned out to be valuable to have an ‘em- server using a TCP/IP socket interface. This simple protocol was
bedded’ messaging service in the architecture, because it enableglesigned and used instead of e.g. XML over HTTP (SOAP) or any
us to embed messaging functionality directly in the client applica- other kind of RPC / RMl interface because of the limited bandwidth
tions, like in the AwarePhone. THeontextlayer and theMonitor and processing power on the small devices we want to use. For ex-
and Actuatorlayer are part of the context infrastructure on top of ample, the Nokia 7650 mobile phone has limited CPU and memory
which the AWARE framework is build. This context infrastructure  and the communication to the gateway is TCP/IP over GRPS, hav-

is further discussed in section 5.2 below. ing a typical bandwidth on 30 kbits/s upstream and 10 kits/s down-
. stream. Furthermore, users pay pr. kb downloaded. Hence, when
5.1 The Awareness Service creating an event-based notification infrastructure, the notification

The Awareness Service has two main responsibilities. The first protocols must be as compact as possible. As an example, the mes-
responsibility is to maintain information about users subscribed to sage for adding or changing contact information for a contact listed
the AWARE system, about whom they want to keep a social aware- 0n the phone is illustrated below:
ness,‘and to handl_e (_event-base notification about cha_nges to theseCONIF:86868686#thomas@xxx.yyy
users’ context. This is done through close collaboration between #Busy
the Contact Managerthe En_tity_ Listener and theMessage_ Lis_— #Meeting 8-10
tener The secqnd requn5|b|I|ty Qf thej Awareness Service is to #Conference room 2388.115  §
handle connections to clients, using different protocols, respond
to their requests, and to know how to notify them about relevant
events. This is done through tBevareness Gatewayomponent. Event-notification is supported in the PHO and RMI protocols.

The Contact Manager keeps track of the contacts for each user,HTTP is a stateless request-response protocol and hence does not
i.e. about whom this user wants to keep a social awareness aboutsupport this event-notification.
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Figure 3: System architecture for the AWARE framework. The architecture is divided into four layers: the Client layer, the Aware-
ness layer, the Context layer, and the Monitor and Actuator layer.

5.2 The Context Infrastructure tities have a handle when executing. Besides access to general

The context infrastructure is responsible for monitoring context resources like initialization parameters and logging facilities, the
cues inthe users’ environment, including displaying cues from usersEntity Environment provides methods for accessitay-Value At-
and for storing, managing, and distributing these cues in the aware-tributesandContext TransformersContext transformers are small
ness service. The context infrastructure builds on top of the Java@pplication-specific Java programs that a developer can write and
Context-Awareness Framework (JCAF) [2]. In order to support add to theTransformer RepositoryThe Transformer Repository
various context sensing technologies and data types, the context incan be queried for appropriate transformers on runtime.
frastructure is divided into a ‘Context layer’, responsible for man- Context Clie_nts:an access entities and their context information
aging, transforming, and distributing context information, and a in two ways. Either following a request-response schema, request-
‘Monitor and Actuator layer’, responsible for context acquisition iNg entities and their context data, or by subscribing a&atity
using various sensing and actuator technologies. The left-handListenet listening for changes to specific entities. JCAF also sup-
side of figure 3 illustrates the main components of this context- Portstype-basedubscriptions of entity listeners, allowing a client

awareness sub-system: the Context Service; and the Context Mon10 Subscribe to changes to all entities of a specific type.
itors and Actuators. There are two special kinds of context clients: @entext Mon-

in a distributed infrastructure. Context information about the real and/or context data specific process, which registers changes in the
world is modelled by the concept of &ntity, which has some as-  Physical or digital environment. The monitor adapts this context in-

places, things, patients, beds, pill containers, etc. Examples of ‘Context Monitor’ abstraction is similar to the Context Toolkit [10]
context information are location, noise level, a person’s activity, or Where the monitor component in the JCAF framework corresponds
people nearby. Entities and their context information are managedt0 @ combined widget and interpreter in the Context Toolkit. Ex-
by the context serviceBntity Container An entity is represented ~ @mples of context monitors are location monitors based on GPS
as a small Java program that runs within the Context Service andreceivers, or WLAN monitors which try to locate WLAN-based
responds to changes in its context. The life cycle of an entity is €quipment. Other monitors might gather information about tem-
controlled by the container in which the entity has been added. The Perature, planned activities in users’ personal calendars, or status
entity container handles subscribers to context events and notifiesinformation in an Instant Messaging system. A context actuator
relevant clients on changes to entities. An entity, its context and its iS & client designed to work together with hardware actuators, like
life cycle is further discussed below. loud speakers, displays, or hydralic lifting columns for beds or ta-
The Entity components in a Context Service work together and ples. A context actuator could also be dgsigned to change status
with other components to accomplish their tasks. Hence they mustin an IM system from the AwarePhone built on top of the AWARE
have ways to access each other and to access shared resourcedfchitecture.
like database connections or RMI stubs to other processes. This The basic modelling concept in the JCAF APl is @stity
is accomplished through tHentity Environmentto which all En- which has &Context  with a set ofContextltem  s. An entity, a



context, and a context item are all Java interfaces, which developersThese three types of monitors add tB&tus , Location , and
of context-aware applications must implement. Figure 4 illustrates Appointment context items to a contact’s context.
how these JCAF primitives are used in the AWARE framework. .
The Person andPlace are default entities in JCAF and repre- 5.3 Implementatlon Status
sents a person, like a user of the AwarePhone, and a physical place, The current version of the AWARE architecture is implemented
like an office, respectively. Examples of context are a Hospital in Java J2SE 1.4. We have created three clients which use the
Context and an Office Context, each knowing specific aspects aboutarchitecture; a modified version of the AwarePhone described in
a hospital and an office, respectively. Examples of context items are section 4, a HTML client running in a browser on a PDA, and a
physical location, appointment as revealed by a user’s calendar, andJava-based client running on a desktop PC. These three clients are
the patient in a hospital bed. Context items are added to an entity’sillustrated in figure 3. We have created a version to be used in a
context typically by context monitors or other clients. Hence, the hospital environment (primarily based on our experience from the
context itemLocation , which models a physical location, can be  work with the surgical department and the AwarePhone) as well as
added to an entity, thereby registering the location of this entity. A a version to be used in our own office environment at the univer-
subtle, but rather important aspect of entities is that they themselvessity. The AwarePhone now runs on Symbian version 7.0s and can
are context itemsHntity = extendsContextltem in figure 4). hence be used on the newer version 6600 Nokia telephone, which
Hence, a person (an entity) can be added to the context of a roomis extensively used at our university.
(another entity) thereby indicating that this person is in thisroom’'s ~ The activity sensor monitors use appointments in the Meeting-
context. If the person’s context is changed then the room would Maker online calendar [18], which is used at our university. Cur-
be notified, and hence entity listeners to the room would also be rently we have implemented three types of location sensors to the
notified. AWARE platform based on Bluetooth beacons, Infrared (IR) bea-
cons, and WLAN base stations, respectively.

The IR and Bluetooth location mechanisms work in a similar
cinterface> cinterface> way. Beacons emitting a location URL are placed in various places
e YA FEmEt S (typ))/ically rooms). This?J location informationFi)s captured by thep mo-
AN JAN bile phone’s IR or Bluetooth port respectively. Initially, we used
infrared beacons in each room to locate the device. The advantage
ntertace» nterface» with IR is that it stays within the current room. However, IR also
Entity Context requires line-of-sight between the IrDA port on the phone and the
7~ beacon. Often the phone was in the pocket of a user, and hence the
T IR location did not work. The advantage of Bluetooth is that it does
not require line-of-sight. The disadvantage of Bluetooth is that it is
GenericEntity GenericContext bstractContextiren not limited to the current room and small beacons typically have a
! ! t range at approximately 10 meters. Currently, we are experimenting
JAN with the BlipNet infrastructure from Blip Systems [4]. This system
lf—\ has an adjustable range from 10 to 0.60 meters and can be used for
Person Place more precise location of bluetooth devices.
In the IR and Bluetooth location systems, the mobile phones
know where itis. In contrast to this model, the WLAN location sen-
Gs sor is a central component that queries WLAN base-stations about
Con!ad ot —— p— p— which WLAN devices they can see. This gives a coarse grained
location by indicating a non-specific area around the WLAN base-
station.
lﬁ As discussed in section 4.1, the users expressed concerns about
Tole location privacy. In our current implementation of the AWARE
o1 architecture context has no history, i.e. no context information is
saved over time. For the time being, this seems a fairly appropriate
solution. But there is a need for making more elaborate mecha-
Figure 4: The UML model of AWARE specific specialization of nisms for protecting user privacy concerning context information.
the JCAF framework.

6. RELATED WORK

The Awareness Service uses the context infrastructure by con- In this section we will discuss related work with regard to com-
necting to a Context Service and registering itself as a listener to puter support for social awareness among distributed cooperating
entities relevant for the AWARE framework. These are entities of users. Related work on the concept of ‘context-mediated social
the typeContact and its sub-typdRole in the context service. awareness’ has already been addressed in section 2.

The Awareness Service then receives notifications via the entity In a study similar to ours, Mioz et al. [20] address the need
listener when changes to these contacts take place. For examplefor context-aware communication in hospitals. They reach some of
the Awareness Service is notified when a person changes locationthe same conclusions concerning the importance of providing con-
changes his personal status in a client, or he starts a meeting actextual information like location, role, and status to medical per-
cording to his calendar. To achieve this, the AWARE framework sonnel in hospitals. Based on this, they extend the IM paradigm
has created and registered three types of Context Monitors in theto include context-awareness, thereby enabling clinicians to send
context service: a Status monitor, monitoring status change in ana message by specifying context instead of specifying a recipient.
IM system; a Calendar Monitor, monitoring an user’s online cal- Furthermore, clinicians can locate each other on a map of the hos-
endar; and some Location Monitors, monitoring location of users. pital ward. Their focus is slightly different than ours, focusing on



communication based on context-aware messaging. Our focusison Finally, the messaging system in the AWARE platform is not a
using contextual information to mediate social awareness, therebychat system like IM. The messages in the AWARE platform are
enabling people to communicate as they please, including sendingmore like post-it notes left for relevant people (or roles) in right
messages, calling them using the phone, or go to them and engag®laces, like the Stick-e Document System [8]. Hence, our approach
in face-to-face conversation. Furthermore, there are some techno-is the opposite of IM, which relies on the discursive paradigm of in-
logical differences. The context-aware IM system uses PDAs con- teraction, and as result might increase the level of interruption. By
nected via WLAN, which is also used for location estimation using contrast, and in direct continuation of the ‘awareness’ research in
triangulation. The AwarePhones are connected via GPRS, usingCSCW, our work explores ways to support “appropriate intrusive-
Bluetooth for location, and the PDA HTTP/HTML clients are using ness” by indirect means (location etc.), as opposed to providing
WLAN for communication and for cell-based locatfoRuring our “social awareness” by constant interruptions.

evaluation sessions, we discussed the use of a map on the phone.

The clinicians, however, deemed that this was of little use, since 7. CONCLUSION AND FUTURE WORK

they know the layout of the hospital very well and providing a text- Context-Mediated Social Awareness is a new term introduced in
based location was actually more efficient than a map. The only useypis paper. The term does not introduce a new work practices, but

\f/vas rr:'ay?e fodr ne|V\i'cI|n|C||31ns startlr;g |nt|grn§h|p at thel dhlqlfp'ttalbor emphasises how the context can be used to provide social aware-
lor pta(;elgl ant_ reta |ve§,. Iot\_/vever, ew cliniclans would Ik 10 be o5 hetween co-workers working in different locations. We have
ocated by patients and refatives. looked into context-mediated awareness in a hospital setting, and

. N:iChe” et aI]; r;]ave bgilltja ‘follofw-me’ vidlfoleglpp_ll_iﬁa_tiofn for hr?s- shown how the term can be used to describe different work prac-
pitals on top of the QoS Dream framework [19]. Their focus, how- tices. The ‘AwarePhone’ is an example of a computer application

ever, is not on providing a social awareness within a hospital but to to support context-mediated social awareness.

locate the receiver of a conference call and to enable this confer- Based on the work done specific to hospitals, we have designed

en(c)?hto follow thﬁ usetrstwhlle rr]novmg. lored how to extend the IM and implemented the AWARE architecture; a general-purpose soft-
d_er retsee:rc _prlo g ypes have expl oret_ ow Ic') ex er|1 d € "M \are architecture for mediating ‘social awareness’ in different set-

paradigm 1o also Include cues on €.g. location, online calenaar in- tings. The architecture presents new ways of supporting awareness

_for(;natll(on, and other congext |nfot|;_r|na’tjltl)3r;\|n :;helioggacé gStF_ both by using a context-awareness infrastructure as the basis for mediat-
in desktop computers and in mobile s [6, 11, 20, 29]. For ex- ing social awareness.

ample, the ‘Awarenex’ system extends the ‘ConNexus' IM system We have built several clients on top of the architecture and we

to mobile devices (the Palm) and supports a mutual awareness Ny e currently planning a pilot deployment of the AWARE architec-

thel_ contar(]:tcljislt by ggtingspe_(l)plle, tbheir Iokgation, ?n(fi ttrt:eir ﬁ”rfenlt ture and some of the AWARE clients in a hospital. The pilot phase
online schedules [29]. Similarly, by making part of the physica is planned to run for three months, which should give us the op-

location of tourists publicly available, the GUIDE system aims at portunity to make extensive evaluations of the architecture and its

enlabllng a fofrm ?tf social av;gattrer;ess ?rr]nongst Ct'ty V|S|torsb[9]|i f effect on minimizing inappropriate obtrusiveness in hospitals. We
n terms of software architecture, these systems are bullt Irom ¢ 159 looking into how to deploy the architecture in an office

Ehe.tgr?und up W|trfltspe0|f|c appllcatlton.s |ntrhn|nd. T?usi.the qprlllor- environment and how the architecture can be integrated with the
unity to reuse software components in other applications is lim- existing systems here.

ited. We would argue, that the main contribution of our work is

the more general-purpose AWARE platform lying beneath e.g. the
AwarePhc?ne clien[t). 1Phis AWARE pFI)atform cgmgines supporgtJ for ACknOWIedgmentS

context-awareness with support for social awareness on a softwareThis research is funded by ISIS Katrinebjerg. Claus Bossen, Jane
architectural level. Hence, in the AwarePhone, the context items of Clemensen, and Simon Bo Larsen participated in the evaluation of
location, status, and activity were used, but a more rich picture of the system. Mads Ingstrup implemented the MeetingMaker and
context might be added by creating or reusing appropriate context WLAN context monitors.

monitors and items. For example, we could extend the list on the
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