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address: social awareness1 and task-oriented awareness. 
We consider task-oriented 'awareness as the awareness that is focussed on 

activities performed to achieve a' specific snared task. This kind of awareness can 
be promoted by change notifications'or information about the state of a certain 
document or a shared workspace. It allows users to coordinate their activities on 
the shared object. This might happen either in a synchronous or asynchronous 
way. Notifications that contribute to the task-oriented awareness, embody 
information on who does or 'did which actions on which shared task or task-
related object. • "i ,„*,', , 

Social awarenessl includes .information; about '.the presence and activities of 
people in a shared environment. Systems focussing on social awareness provide 
notifications similar tto the information received when1 walking along an office 
floor. Notifications that contribute to.the social awareness embodies information 
on who is present and in .which state in a shared environment. 

The difference between task-oriented and social awareness is primarily 
determined by the shared context'. For task-oriented awareness the shared context 
is established by an object that is part of a cooperative process, for social 
awareness it is the environment' that is inhabited by the users. We believe that it is 
essential'for a cooperation support environment to support iboth types of 
awareness. However,1 looking atIthe'different systems it appears that most are 
concentrating on the support of either, of these types. Gutwin et al.'(Gutwin, et al., 
1996) distinguish additional forms' of awareness, but for the following 
considerations a concentration on these two forms is more appropriate. 

GroupDesk (Fuchs,et;al., 1995),or;Interlocus (Nomura, et al., 1998) are 
examples for systems that provide: task-oriented awareness. They supply a shared 
workspace for the support'.of'asynchronous1! cooperative'work. Changes to shared 
objects are indicated tousers by visual notifications. All notifications are closely 
associated to the shared objects. 

Video based systems such as portholes (Dourish, Bly, 1992, Lee, et al., 1997) 
increase the social awareness of people in a shared environment, e.g. an office 
building. Systems like Social Awareness®work (Tollmar, et al., 1996) provide 
social awareness by an indication of the presence and state of people 

For the Internet!and the World-wide1 ,iweb,many systems are being developed 
that supply information on the presence^of'other users in the Internet or on a 
currently visited web-page.- Probably the most, successful application is ICQ, a 
tool that informs users abqutjthe. Internets-presence of other people. More 
sophisticated applications such'as CoBrpWii(Siedler, et al., 1997) present the list 
of users who are currently, ^visiting â  web. pages and offer additional 
communication channels. All these systems belong to the group of social aware­
ness systems. They,,display/information on the presence of others in a shared 
environment. •• ii" > .|i r > 1'wi • .:. • I . U I H . . 

Room based systems represent an approach to integrate social and task-
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oriented awareness. Examples are: Diva (Sohlenkamp, Chwelos, 1994) or 
TeamRooms (Roseman, Greenberg, 1996). In these systems virtual rooms provide 
a shared location for the organisation and collection of task-oriented objects. For 
users who cooperate on a task and thus 'share a room, the information that 
somebody is working on a document, contributes to the task-oriented awareness 
Social awareness is increased by supplying general information about the 
presence of people in virtual rooms or buildings. Another approach for the 
integration of social awareness into a task-oriented system, i.e. the BSCW 
(Bentley, et al., 1995), is the MetaWeb (Trevor, et al., 1997) application. 

Most of these applications either augment a single application, such as a shared 
application tool (Dourish, Bellotti, 1992), with additional awareness features, or 
they provide a new cooperation environment that embeds other applications and 
incorporates notification mechanisms to inform users about relevant cooperative 
activities. Common to the second group of applications is, that they provide a new 
desktop interface and that users who want to benefit from the awareness 
functionality need to perform all their cooperative work using these desktops, e.g. 
as in DIVA, GroupDesk or TeamRooms. Since most users are very reluctant to 
change from one working environment to another, just for the benefit of a single 
new feature, such awareness augmented platforms are very valuable for the 
evaluation of specific awareness features, but they seldom have the potential to 
become a general purpose working environment. 

Further characteristic of these systems is that they primarily focus on the 
support of a specific application and that they do not interweave mechanisms for 
the support of social and task-oriented awareness. Moreover, most are designed as 
closed solutions which can not be extended in a simple way 

We believe that a more promising approach is the provision of a generic 
extendable awareness infrastructure including simple and lightweight 
mechanisms for the generation and user configurable presentation of notifications 
at the standard desktop interface. This is the motivation for the NESSIE 
awareness environment that is described this paper. First we give an overview of 
the conceptual model and the architecture, followed by a description of different 
sensors for the reception and generation of events. Then we describe different 
methods for the presentation of awareness information. Two scenarios illustrate 
the applicability of the environment. The paper concludes with a discussion of 
related work. 

Conceptual Model 

It is essential for a general purpose awareness environment to provide its services 
application independent. Experiences with PoliAwaC (Sohlenkamp, 1998), show 
that a presentation of awareness information just within an application is not 
sufficient. It is necessary that relevant events about user activities can be 
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externalised from one application and promoted to other applications. Thus users 
can stay aware about important events and activities even if they are not actually 
using or running a particular groupware system. Principle for NESSIE is therefore 
that it supplies its services application independent as an awareness bridge for 
different applications and settings. Thisshould also allow for a mixture of events 
from real world and electronic settings. 

The conceptual model of NESSIE is based on the approach that information 
about cooperative actions that are relevant for the awareness of the state of a co­
operative setting can be captured through the generation of events. Events are 
generated by sensors that are associated with actors, shared material, or any other 
objects that constitute or influence a cooperative environment. They contain iden­
tifiers of the originator, the action, the time, and the context in which the action 
took place (e.g. shared workspaces, cooperative process, workflow). 

The reception and generation of activity events is enabled through the 
realisation of lightweight sensors. Different sensors should be provided by the 
infrastructure for the integration into other applications, such as document change 
notifications, presence sensors, or information monitoring agents. Additional 
sensors should be realisable without' a large effort, i.e. the environment should 
supply simple protocols for the interaction with sensors. Sensors are not restricted 
to the reception and generation of events in electronic environments. In the near 
future, sensory' environments will emerge and will become integral part of our 
working and living environments (Saffo, 1998). Thus the infrastructure should 
integrate real world sensors to recognise activities and states of places in the "real 
world" and to promote this information to other real or virtual places. 

After creation, an event is transmitted to an awareness server. An important 
task of this server is the propagation, transformation, and notification of events. 
Several models exist for the computation of that task. In (Mariani, Prinz, 1993) a 
model based on the water-ripple metaphor is presented, that interprets the 
relationships between shared objects as a transport media for events Following 
that approach in (Fuchs, Pankoke-Babatz, et al., 1995) and later in (Fuchs, 1998), 
the notion of interest profiles is introduced as a method to specify the awareness 
information someone is interested in. Empircial studies of that concept in the 
PoliAwaC groupware client show, that this is a suitable specification method 
(Sohlenkamp, et al., 1999). Thus we have adopted that notion and concept for the 
event distribution and notification method of the NESSIE environment. 

Alternative approaches are suggested by the spatial model presented in 
(Benford, Fahlen, 1993) and its generalisations and extensions in (Rodden, 1996) 
and (Sandor, et al., 1997). We believe, that CSCW research is still lacking enough 
experiences to decide which model is the most appropriate for a specific setting. 
Therefore we propose implementations of these models as plug-ins to the aware­
ness server. This will allow a setting based selection of the appropriate model. 

The presentation of awareness information is performed by configurable 
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indicators. Tools are offered that allow an easy mapping of activity events to 
suitable indicators. Analogue to real world sensors it is also possible to integrate 
real world indicators such as the artefacts proposed in (Wisneski, et al., 1998) 
with the NESSIE environment to foster awareness of virtual presence and remote 
activities beyond the limitations of a computer monitor. 

The NESSIE environment is not intended to support highly synchronous 
applications such as application sharing systems that rely on a high frequency of 
technical synchronisation events, e.g. mouse-clicks or scroll events. The NSTP 
(Patterson, et al., 1996) platform provides a suitable support for such applications. 
We aim at the support for action relevant events that increase the social and task-
oriented awareness of the cooperation status, not of the technical application 
status. Such kinds of events occur in a lower frequency, allow for other 
architectures and demand new ways of information presentation. 

Architectural Overview 

An awareness environment should be integrated with and based upon current 
Internet technologies. Beyond the advantage of an easy distribution of the 
environment, the interoperability of the environment with other applications can 
be more easily achieved. Many applications offer communication interfaces to 
Internet services In addition to that baseline, the following requirements, derived 
from the considerations of the conceptual model, guided the design of the 
NESSIE awareness environment: ,t 

• application independent infrastructure; , • 
• open, extensible protocols for the interaction with the environment; 
• lightweight sensors and means for an easy realisation of new sensors; 
• configurable set of indicators and means for integrating new indicators; 
• integration with web-technology to provide a high level of interoperability. 
The following sections first give an overview of the systems architecture, then 

specific aspects such as access control and reciprocity are discussed in more 
detail. • 

Architecture 

Figure 1 illustrates the architecture of the NESSIE awareness environment. 
Central components are the NESSIE server in combination with the event 
database and the NESSIE client. The server supports two methods for the 
production and provision of events: asynchronous (pull) server -interaction by a 
cgi-interface or synchronous (push) notifications based on registered interest 
profiles by the NESSIE client. Both methods are described in the following two 
subsections. 
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Figure 1 The NESSIE Architecture 

Server Interaction via http 

A very simple technique is provided for the interacting with the server using cgi 
scripts (left hand side of Fig. 1). This interface allows the submission of events via 
http-calls of a cgi script. The script interprets the call parameters that consists of 
attribute-name/value pairs, as a event descriptions. 

The event protocol is open.and can be easily extended. The server requires 
only the provision of the two parameters: sensor-type and event-type. All other 
parameters can be dynamically defined. The creation of a new, or the extension 
and modification of an existing event-type requires no server-side modifications. 
Optionally, for common reference, event-type specifications can by documented 
in the event-type registry (an HTML-document). This registry provides a set of 
well-defined core-events and is furthermore used by the NESSIE client to create 
user interface templates for the specification of event-queries in interest profiles. 
The expiration date of an event can be specified by a special attribute. After the 
expiration date this event is no longer returned to any event-query and will be 
transferred with next event garbage collection into a history database 

The cgi interface offers a'showevent-operation for event-queries. Regular 
expressions can be used as parameter values to describe generic event-patterns. 
The format (lists, HTML-documents) and content (number and types of returned 
attributes) of the return-result can be controlled using additional control attributes. 

By the provision of this cgi-interface it is possible for a wide range of 
applications to report events to the NESSIE server. Through this externalisation, 
information becomes available for users outside of a specific application domain. 
For example, the integration with the MS-Office suite was easily realised by the 
implementation of simple macros. These macros signalise document 
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modifications to the NESSIE environment and they indicate the document history 
or other relevant events, e.g. modifications on related documents or the presence 
of co-authors of that documents, by retrieving event information from the server. 

With the cgi-interface for event generation and retrieval the NESSIE 
environment can be easily integrated as an application independent awareness 
bridge into legacy infrastructures. Dynamic event types are a key factor for scala­
bility and enable the application of NESSIE in different organisational bounda­
ries. However, the http solution embodies the disadvantage that applications must 
explicitly pull the NESSIE server for new events. Accordingly, this mode of 
operation can not be used for settings where events must be immediately pro­
cessed or indicated, but provides appropriate means when loosely coupled inter­
actions are sufficient. The following subsection describes an alternative mode. 

The NESSIE Client - Support for Interest Profiles 

The right hand side of Figure 1 illustrates the interaction of the NESSIE client 
with the NESSIE server. The client is user specific and represents a user within 
the environment. It realises the following functions: 

• indication of the currently online NESSIE users and provision of ad hoc 
communication tools; 

• a user interface for the specification of interest profiles; ' " 
• a communication interface to the server for the registration of interest 

profiles and receipt of events that have been submitted by sensors; 
• interfaces to configure and communicate with awareness indicators. 
When users log into the NESSIE client their presence is indicated to other 

users. On demand they will receive events that have been submitted since their 
last presence, that match their interest, profiles and that have not yet expired. 

In this section, we concentrate on the concept and support for the specification 
of interest profiles. Users describe their interest in events by the specification of 
interest profiles. An interest profiles contains the specification of: 

• an event-query describing the events that are relevant for that profile, • 
• the indicator that is used to present that event, 
• and a specification of the actual event information that shall be presented 

by the indicator. 
Figure 2 shows the user interface of the client for a profile description. First, 

the user has to specify the indicator and indicator-type that "shall be used to 
present the event For that purpose the NESSIE client provides a number of pre-
registered indicators (see section below). It is possible to indicate different events 
by a single indicator. In this case a single indicator can by used as unique place 
for the presentation of events that originate in the same context: For example, all 
events produced by the modifications of a certain document set or by the presence 
of people that belong to the same organisational context, e.g. a project can be 
presented by a single indicator. 
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In the second step, an event-pattern is specified applying the same language 
that is used for the cgi-interface. An event-pattern is registered at the NESSIE 
server by the client. Whenever the server receives an event that matches the re­
gistered event-pattern, it immediately forwards all event attributes to the client. 
Users can select the event-pattern,either from existing profiles or they can create 
new patterns. If the event-type specification is documented in the event-type 
registry, then the NESSIE client dynamically creates user interface templates that 
support the specification of event-patterns. 

Selection of an indictator 
and an indicator-type «s.,^.*1kv. ,rr—r— • gj 

fflleatoJVi>8 ^Ffickertape 
uyf-&iu»tJ! 

<bscw-user» <bscw-tyi>8» "bscw-object^m <bscw fo(der> £J 

Selection of 
event-patterns 

Specification of 
event-attributes for 
presentation by the 
indicator 

*** Carcei 

Figure 2' The configuration window of the NESSIE client user interface 

In the third step, users specify the event attributes that shall be presented by the 
selected indicator. Explanatory text can be added to the selected attributes if the 
indicator supports a textual presentation. In addition to the list of pre-registered 
indicators, it is also possible to launch external applications such as media players 
and to forward event attributes as parameters to these applications. This allows 
for an easy integration of new indicators into the awareness environment. 

Initially the NESSIE client stored the whole user configuration at the users 
computer. The application of the client quickly indicated that users wanted to ex­
change their interest profiles. This led to a redesign that allows the storage of 
single interest profiles as single objects in a BSCW shared workspace. The 
sharing of profiles between different users offers new opportunities for the 
configuration of awareness information within a group. It is for example possible 
to use a shared workspace for the administration of group-wide interest profiles, 
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i.e. profiles that each member of the group should use. Individual^ profiles can be 
added by retrieving profiles from additional workspaces. When a user launches 
the client, the user profiles are read from the workspaces and registered at the 
NESSIE server. . . ; 

The provision of two interfaces (cgi and NESSIE client) by the 'NESSIE server 
enables different modes of interaction between client applications-and the server. 
Ramduny et al. propose a taxonomy for the classification of notification servers 
(Ramduny, et al., 1998). The sensor-server interaction fits into the category A2 
("client tells server"). Category A4 ("server bound to data") is supported too, 
because of the close association of the event database with the server. This 
enables the server to provide notifications of past events which is important for 
the support of asynchronous working modes. The indicator-server interaction 
covers B2 ("server tells client") and B3 ("client polls server"). 

Access Control and Reciprocity . 

An often discussed awareness issue is the danger of misusing awareness 
information for control purposes. We address that problem by the introduction of 
event access rights and the disclosure of interest that others have registered in 
events that a user generates by interacting with shared objects. 

An event that is submitted to the NESSIE server can be protected against 
unauthorised access by the inclusion of an access control attribute. This attribute 
lists the ids of users or a group of users who are allowed to receive that event. For 
simplicity the usage of the cgi-interface to the NESSIE server requires no 
authentication. Therefore access protected events can not be retrieved through that 
interface. However, the client requires a login on start-up for user identification 
and for the retrieval of the users interest profiles from the BSCW' workspaces. 
The user identification is presented to the server together with the registration of 
the interest profiles This enables the server to perform an access validation on 
protected events. If the identified user is member of the access control list, a 
protected event is forwarded to the respective NESSIE client. With the 
introduction of access control for events the awareness environment ensures that 
activity information can be made visible to a restricted group only. 

Although access rights are a suitable method to restrict access to awareness 
information, it can not guarantee to exclude misuse. An approach towards that 
problem is the provision of reciprocity. This is achieved by disclosing those users 
who have registered interest in event to those users who produce the event -
"when you see me I see you". Whenever an event is submitted to the NESSIE 
server this information can be requested by inclusion of a special "observer" 
attribute into the parameter list. The return information lists those users who will 
receive that event instantly and those who are potential recipients.' Potential users 
are those who have registered interest in that kind of event, but who are not 


