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Abstract: Extending and reinterpreting earlier work on the 'Spatial Model', this paper 
presents a generic model for supporting awareness in cooperative systems ('the AETHER 
model') and an implementation of a prototype awareness engine. The applicability of the 
approach is investigated by showing how some of the fundamental functionality in CSCW 
applications (e.g. versioning and access control) can be supported by the engine and by 
'simulating' some other applications from the CSCW literature The paper closes with a dis­
cussion of how the model facilitates the construction of flexible CSCW systems (e.g. work­
flow systems) supporting a variety of forms of awareness. 

Introduction 

The topic of awareness has received a great deal of attention in recent work in Com­
puter Supported Cooperative Work (CSCW). Providing participants with mutual 
awareness of each other's activities is often seen as a important research and design 
goal (e.g. Dounsh et al., 1992; Tollmar et al., 1996). The emphasis of much of this 
research is to provide an alternative way of supporting cooperative work to that 
found in, for example, workflow systems (e.g. Glance et al., 1996) where work ac­
tivities are given a formal representation in terms of some workflow model which 
often stipulates how the contributions of different participants are to be coordinated. 
In contrast, in many awareness-oriented systems, the coordination between differ­
ent activities is supported by giving participants an awareness of what each other 
are doing or have done so that participants can coordinate their work themselves. 
Many researchers would hope that, not only does this provide a 'truer' and more 
'lightweight' sense for 'support', but would also make for more flexible applica-
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tions which are not liable to the usability criticisms (cf. Bowers et al., 1995) that can 
be made of more procedural-oriented approaches to CSCW. 

Perhaps these arguments find their most detailed elaboration in work on Collab­
orative Virtual Environments (CVEs), where Virtual Reality (VR) technology is 
used to support cooperative applications such as virtual conferencing or collabora­
tive information visualization and retrieval. Most notably, the COMIC project of­
fered a 'Spatial Model' of interaction in shared virtual environments (Benford et al., 
1994,1995) which has provided the basis of a number of experimental applications 
as well as influencing the fundamental architecture of at least two VR systems: 
DIVE (Carlsson et al., 1992) and MASSIVE (Greenhalgh et al., 1996). The question 
arises, however, of how this research theme is to be further advanced as a major 
constituent of CSCW endeavour. 

We would wish to argue that some of the most promising work currently on the 
theme of awareness in CSCW is concerned with one or both of two issues. First, 
there exist attempts to integrate support for awareness at fundamental levels of co­
operative system architecture. We have already mentioned how the DIVE and MAS­

SIVE VR systems implement awareness-oriented notions. Trevor et al. (1994) report 
on how a shared object service can be designed to facilitate user's awareness to the 
state of and changes in shared objects. Further attempts to 'build in' awareness as a 
foundational feature of cooperative systems are likely to be seen. Secondly, some 
of the concepts, models and notations elaborated in the development of awareness-
oriented applications and systems will be found to have a broader utility. As an ex­
ample of this, see Rodden's (1996) work showing how support for awareness can 
be added to workflow, shared databases and other cooperative systems. 

In this paper, we attempt to address both these issues. First we show how con­
cepts derived from the COMIC Spatial Model (cf. Benford et al., 1994, 1995) can 
be reinterpreted to have general utility beyond the domain of shared virtual environ­
ments which was their initial application. We present how we use the model and the 
new concepts we introduce. We describe the current implementation of an aware­
ness engine, called AETHER, based on the suggested model. Our goal is to recognise 
awareness at a fundamental system level and to build other functions on top of it. In 
order to demonstrate the implementation, we present some small applications that 
we have developed as well as some ideas about how other systems can be imple­
mented. The paper ends with plans for future development as well as drawing out 
the general implications of our work for CSCW research. 

The Spatial Model 

As the Spatial Model, largely developed in the European Communities' COMIC 
project (1992-1995), forms the basis for our work, we will spend a little time de­
scribing its essential elements. The Spatial Model supposes that objects (which 
might represent people, information or other computer artefacts) can be regarded as 
situated and manipulable in some space. The notion of space is very generally con­
ceived only subject to the constraint that well-defined metrics for measuring posi-
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tion and orientation across a set of dimensions can be found. In principle, any 
application where objects can be regarded as distributed along dimensions such that 
their position and orientation can be measurably determined is amenable to analysis 
in terms of the Spatial Model. 

The interaction between objects in space is mediated through the relationships 
obtaining between three subspaces: aura, focus and nimbus. It is assumed that an 
object will carry with it an aura which, when it sufficiently intersects with the aura 
of another object, will make it possible for interaction between the objects to take 
place. On this view, an aura intersection is the pre-condition of further interaction 
For objects whose aurae intersect, further computations are carried out to determine 
the awareness levels the objects have of each other. The subspaces of focus and 
nimbus are intended as representing the spatial extent of an object's 'attention' and 
its 'presence'. Thus, "if you are an object in space, a simple formulation might be: 
the more an object is within your focus, the more aware you are of it; the more an 
object is within your nimbus, the more aware it is of you." and accordingly, "given 
that interaction has first been enabled through aura collision: The level of awareness 
that object A has of object B in medium M is some function of A's focus in M and 
B's nimbus in M." (Benford et al., 1994) 

It is important to note that in the above definition, awareness-levels are defined 
per medium. Thus, the 'shape' and 'size' of each of the aura, focus and nimbus sub-
spaces can be different, for example, in the visual (graphical) than in the audio-me­
dium. In this way, I may be aware of the sounds made by another object but without 
being able to see it. Benford et al. (1994, 1996) go on to show how simple instanti­
ations of this model can have a high degree of expressive power, for example ena­
bling one to distinguish between different intuitively familiar 'modes of mutual 
awareness' on the basis of the possible relationships between A's awareness of B 
and B's awareness of A. However, perhaps the most important point emphasised in 
this work is the insistence that awareness is a joint-product of how I direct my at­
tention to you (focus) and how you project your presence or activity to me (nimbus). 
Applications which recognise only one of these two components may well be expe­
rienced as too intrusive or too inflexible. 

In recent work, various extensions of the Spatial Model have been reported. For 
example, Benford et. al. (1997) have introduced a concept of 'third party objects' 
which 'intervene' between objects and transform the nature and level of the aware­
ness that the objects might otherwise have, and, importantly, Rodden (1996) has re­
interpreted the Spatial Model in terms of spaces which can be represented as graphs 
of interconnected objects. 

The AETHER Model 

Our further development of the Spatial Model and the idea of an 'awareness engine' 
resulted from our previous studies like ©WORK (Tollmar et al., 1996) and related 


