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ABSTRACT 
In teams working closely together, interruptions of coworkers are 
normal and necessary. One of the goals of the ambient intelligent 
computing framework MATe (Mate for Awareness in Teams) is 
to prevent unwanted interruptions and at the same time improve 
social interaction. By creating awareness of each other’s situation, 
users are able to judge how interruptible colleagues are. We de-
scribe the concept of MATe and its components and present re-
lated work on interruption handling and ontology-based reasoning 
as well as outline our current and future research in the area of 
context-aware systems.  

Categories and Subject Descriptors 
H.5 [Information Interfaces and Presentation]: Group and 
Organization Interfaces; I.4 [Artificial Intelligence]: Miscellane-
ous 

General Terms 
Design, Human Factors, Theory 

1. INTRODUCTION 
As the long foreseen era of disappearing computers begins and 
“technology recedes into the background of our lives” [23], our 
activities become input for ubiquitous, ambient intelligent applica-
tions that rely on surveillance and embedded systems for data 
acquisition. Such applications are able to appreciate the system’s 
environment, be aware of persons in it, and respond intelligently 
to their needs [6]. Ambient intelligent applications may allow 
people to increase their awareness of one another at the work 
place and create a more effective and more pleasing work envi-
ronment. The implementation of such services requires data to be 
collected on users and their environments from sensory devices. 
The sensory input captures specific aspects of the particular situa-
tion the user is in. In the next step, the ambient intelligent system 
tries to identify a more general context using the perceived data 
(context-awareness [14]). The deduced contextual information can 
then be distributed to services that can make further use of it 
(context-sensitivity [14]). 
Availability of raw contextual data is no longer an issue. Coffee 
cups, keys, toys, refrigerators can be equipped with sensors and 

wireless connections and used to supply such data. Devices like 
smart phones, PDAs and notebooks, often capable of GPS locali-
zation, can be used to send and receive information at all times 
and places. Widespread use of microblogs, online calendar servic-
es and social networks supplies additional information on user 
activities and whereabouts. Thus, the question is no longer how to 
acquire data but rather what information is pertinent in ascertain-
ing a specific user context as well as how to model the collected 
information and the context itself. 
This paper is organized as follows. Section 2 analyzes related 
work on interruption, pervasive systems in work environments, 
context modeling and the search for emerging standards. Section 3 
describes a framework of ambient intelligent applications for 
awareness among coworkers that is being implemented. The paper 
concludes in section 4 by laying out principles that guide the 
development of MATe’s context model and tools. 

2. RELATED WORK 
According to Speier et al., interruptions are unexpected events 
that force people to move their focus away from their primary 
activity [18]. Dabbish and Baker focus on the importance of inter-
ruptions when assessing the interruptibility of a person [5]. Harr 
and Kaptelinin emphasize interactive aspects and establish that 
actors will usually look at priorities and available options [10]. 
Dabbish and Kraut found that displaying information which 
makes it possible to assess the interruptibility status of a person 
can lead to minimizing interruptions [4]. Tullio and others report 
on using displays at office doors to convey information about the 
occupant’s interruptibility status [20].  
Taking these findings from related work together it became ob-
vious that we need complementary information from our prospec-
tive users to get a more complete picture. Therefore we decided to 
start our work on interruption management in the MATe frame-
work with a survey to gain a better understanding for the particu-
lar problems, needs and expectations of the target users. Partici-
pants estimate that they spend between one and two hours a day 
on issues not planned beforehand due to unexpected interaction 
with other people. The majority of participants believe that in-
forming potential visitors about the activity of the occupant of an 
office would prevent unnecessary interruptions while leaving it to 
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the visitor to judge the importance of the interaction. Some pre-
sume that it would suffice to ask potential visitors not to disturb 
without revealing the occupant’s activity. 
After evaluating 602 hours of video material, Hudson, Fogarty et 
al. [9] [11] determine that only a small number of sensors are 
needed to determine the interruptibility of knowledge workers. 
Using a statistical model and the Subtle toolkit [8], they created a 
personalized statistical model that used sensory input to learn 
situations. The statistical model was implemented with decision 
trees, naïve Bayes predictors, support vector machines and deci-
sion stumps, yielding similar results with all techniques. The 
results reveal that as little as five information sources can be 
sufficient to provide a model with enough information to predict 
the interruptibility of participants with about 80% accuracy: a 
microphone to detect conversations, a sensor determining whether 
the phone is in use, information on the activity of mouse and 
keyboard as well as the time of the day. 
Knox et al. [13], in contrast, rely on as much information as they 
can get, on the “cloud of devices”, for rich and detailed informa-
tion for their Scatterbox system. The Scatterbox is a “moving 
letterbox” that delivers messages to different devices based on the 
user’s location and interruptibility. The context is modeled in the 
Web Ontology Language (OWL)1

In Scatterbox, context is a tuple of subject, predicate and object. 
The subject is an entity of an OWL class like a person or place 
that has properties connecting it to other entities like a person’s 
name or phone number. The situation a person is in is described as 
a set of such context tuples. 

 and is corresponding to a ma-
thematical description. 

Another model for ambient intelligent applications is the collec-
tion of OWL ontologies ONTONYM [19]. ONTONYM also 
makes use of the idea of entities with certain properties to con-
struct the context. 
Wang et al. propose the CONON OWL ontology [22]. Specifical-
ly designed for logic reasoning, the idea is to reason about high-
level context information like activity or availability from low-
level contextual information. The ontology has several classes like 
person, location, activity, and device. Each of them is associated 
with a wide range of object properties like name, age, tempera-
ture. As in Knox et al. [13], the low-level contextual data is 
represented using tuples of subject, object and predicate. CONON 
allows for reasoning based on the ontology itself as well as based 
on user defined rules.  
OWL has been utilized to represent context in further ontologies 
like SOUPA [3]. SOUPA is used in the agent based architecture 
for ambient intelligent systems CoBrA [2]. 
Independent of the representation of context, Murdoch and Nixon 
[15] propose a framework that unifies existing methodologies for 
situation identification such as case-based reasoning, support 
vector machines, neural networks, decision trees, hidden markov 
models and bayesian networks. 
Several projects examine the idea of creating an encapsulating 
structure like a middleware to identify situations in their know-
ledge representation. CAMUS is a “comprehensive middleware 
solution” [16], which supports different reasoning techniques to 
be used on an OWL Ontology. Other research has focused on 

                                                                 
1 http://www.w3.org/TR/owl-features/ 

architectural issues as well. Zhang and others present an infra-
structure for managing and developing context-aware applications 
for smart homes unifying service-oriented with feature- and de-
vice-oriented approaches [24]. Voida et al. present a system that 
integrates information from the digital and the physical realm to 
help knowledge workers deal with large amounts of information 
[21]. Ejigu and others use OWL to support a pervasive system 
supporting collaboration of students and staff [7]. 

3. MATE FRAMEWORK 
Within the MATe framework we are currently developing a series 
of prototypes addressing the need for interruption management 
identified in the literature and supported by the survey mentioned. 
MATe is an ambient intelligent, context-aware system that aims at 
improving situation awareness in work teams [17]. It is a client-
server-based collection of systems that are designed to improve 
the communication flow in the research group. The framework 
caters for different kinds of knowledge representations and rea-
soning mechanisms. The first implementation uses a logic-based 
reasoner and OWL, methodologies that have shown their benefits 
in the existing body of research. 
The central component of MATe is the Awareness Hub. The hub 
is connected to all other applications and devices via the Extensi-
ble Messaging and Presence Protocol (XMPP)2

Within MATe a range of applications is connected to this Hub to 
sense and display contextual information. A central goal is to 
develop methods for better handling of interruptions of cowork-
ers. An electronic, interactive door plate is one of the means to 
this end. A small touch screen display is mounted at every office 
door, showing the name of the occupant, his interruptibility status 
and, if so inclined, further information. This could be her or his 
current activity or location, if not being present in the office. The 
door plate enables visitors to assess the interruptibility status of 
the occupant and weigh it against the importance of their own 
intentions. 

. It handles the 
communication among the components and takes care of the 
correct routing of messages. 

The input information for MATE comes from several sources, 
which will be extended by additional sensors over time, if neces-
sary. A so-called drop zone is a specific area on every user’s desk, 
which is able to detect unique tokens that are assigned to MATe 
users. It thus indicates the user’s presence in the room. A desktop 
application lets users enter information directly into the system. 
Short messages can be sent and received via mobile phones 
through a gateway that is part of MATe. 
In the future, social network feeds as well as users’ calendars can 
be read, providing additional input. While the hub receives infor-
mation from several sensors and services, it is not capable of 
reliably determining a user’s position, activity or interruptibility, 
which would be crucial to implement the envisioned services. The 
hub focuses on sensor integration (perception) and does not real-
ize further steps, which are to identify the context from input data 
(awareness) and to generate output or act on such identified con-
texts (sensitivity). Therefore, it is necessary to design a know-
ledge representation and implement reasoning capabilities, which 
can supply the hub (and through it the applications) with dis-
cerned high-level context information like activity, location or 
interruptibility. 
                                                                 
2 http://www.xmpp.org/ 
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Figure 1: MATe Architectural Overview 

4. CONCLUSIONS 
While OWL seems to be established as a well defined data struc-
ture to be used in the modeling of context, the details on how to 
create ontologies remain discussed in the literature. Several as-
pects have to be considered as we create the ontology for use in 
MATe: 
1. The model should be in line with emerging standards. 
2. Depending on to which extent the work place allows for 

individualization of practices, the context model will have to 
be adjustable for differences in work flow. 

3. Which data is useful to determine the necessary contextual 
information depends on contextual and personal aspects as 
well as on the application. Therefore, the model should allow 
for adaptation and should not define certain attributes to be 
relevant or irrelevant.  

4. To protect the privacy of users, the model should require as 
little information as possible. Information needed by the rea-
soning engine should not necessarily be visible outside, for 
example to coworkers.  

5. To cater for as many services as needed, the model should be 
able to incorporate any information given.  

6. The systems should not just model the information itself but 
be able to model the certainty and accuracy of this informa-
tion.  

7. The model should cater for different types of contextual 
information and not only interruptions. This helps adaptation 
for the other envisioned usage scenarios. 

We have developed an ontology based on OWL to be used to 
store a context model for MATe that will fulfill these require-
ments. In MATe’s first incarnation, a reasoner based on descrip-

tion logics is used to infer context information from the input data 
provided. 

5. OUTLOOK 
Making use of a middleware that encapsulates the details of the 
representation and the reasoning processes from the overall 
framework has emerged as a standard approach. A tool that coor-
dinates the reasoning as well as updates values of entities in the 
knowledge base is part of MATe. The tool is able to provide the 
calculated high-level context information like interruptibility to 
the awareness hub. In order to provide for differences in users or 
changes over time, it is planned to incorporate machine learning 
modules that may be used to improve the ontology based on pre-
viously collected data and feedback from the user. All context-
awareness tools will be connected to the hub via a reasoning 
manager using an open protocol. 
Interruptibility of knowledge workers is just one of the issues we 
want to address with MATe. Assessing a user’s activity to deliver 
information pro-actively is another area we are looking into. 
Context-dependent routing of messages (email, SMS, instant 
messages) is already realized rudimentary within MATe and could 
be enhanced by taking more factors into account. While the sup-
port of teams of knowledge workers is the principal target, the 
methods developed and framework implemented are applicable in 
other domains as well. 
Since the discussion on how to best determine high-level context 
information is ongoing and no reasoning technique has produced 
clearly superior results yet, we plan to utilize different reasoning 
systems working on the contextual information provided by 
MATe’s applications. We envision a blackboard architecture [12] 
to share the sensor data within MATe as well as to share results of 
individual reasoners between all reasoning systems. This architec-
ture allows for competition and collaboration of reasoning tech-
nologies and for the use of meta-reasoning systems that may be 
used in the future to increase the accuracy of MATe’s predictions. 
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