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Abstract: We present a spatial model of group interaction in virtual environments. The
model aims to provide flexible and natural support for managing conversations among
large groups gathered in virtual space. However, it can also be used to control more
general interactions among other kinds of objects inhabiting such spaces. The model
defines the key abstractions of object aura, nimbus, focus and adapters to control mutual
levels of awareness. Furthermore, these are defined in a sufficiently general way so as to
apply to any CSCW system where a spatial metric can be identified - i.e. a way of
measuring position and direction. Several examples are discussed, including virtual reality
and text conferencing applications. Finally, the paper provides a more formal
computational architecture for the spatial model by relating it to the object oriented
modelling approach for distributed systems. ‘

1. Introduction

Our paper presents a model for supporting groub interaction in large-scale virtual
worlds!. The model provides generic techniques for managing interactions between
various objects in such environments including humans and computer artefacts.
Furthermore, the model is intended to be sufficiently flexible to apply to any system
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1This work is part of the COMIC project, a European ESPRIT Basic Research Action to develop
theories and techniques to support the development of future large scale CSCW systems.
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where a spatial metric can be identified (i.e. a way of measuring distance and
orientation). Such applications might range from the obvious example of multi-user
virtual reality through conferencing systems, collaborative hypermedia and even
databases and information spaces. Where the interacting objects are humans, the
model provides mechanisms for conversation management. These contrast with
existing floor control and workflow modelling techniques by adopting a “spatial”
approach where people employ the affordances of virtual computer space as a
means of control. In so doing, our underlymg philosophy has been to encourage
individual autonomy of action, freedom to communicate and minimal hard-wired
computer constraints. Where the interacting objects are artefacts, the model
provides mechanisms for constructing highly reactive environments where objects
dynamically react to the presence of others (€.g. you may activate a tool simply by
approaching it).

!
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2. Rooms and virtual spaces

We have chosen to base our work around the metaphor of interaction within virtual
worlds. Under this metaphor, a computer system can be viewed as a set of spaces
through which people move, interacting with each other and with various objects
which they find there. The use of such spatial metaphors to structure work
environments is not particularly new, having previously been explored in areas
such as user interface design, virtual meeting rooms, media spaces, CSCW
environments and virtual reality. Xerox used a rooms metaphor to structure
graphical interfaces (Henderson 85, Clarkson 91) and this was later followed up
with VROOMS (Borning 91). Audio Windows applied a spatial metaphor to audio
interfaces (Cohen 91). Multi-media virtual meeting rooms have been demonstrated
in a variety of projects (Leevers 92, Cooke 91). The CRUISER system explored
social browsing in larger scale virtual environments (Root 88) and multi-user
recreational environments have been available for some time (e.g. MUD (Smith 92)
and Lucasfilm’s HABITAT (Morningstar 91)). Spatial metaphors also feature
heavily in discussions of Virtual Reality (VR) (Benedikt 91) including early
collaborative VR systems (Codglla 92, Takemura 92, Fahlén 92). In contrast to
virtual reality, media-spaces explore the role of space in providing more embedded
support for cooperative work (Gaver 92a, Gaver 92b). Finally, spatial metaphors
have been adopted as an integrating theme for large scale CSCW environments
(Michelitsch 91, Navarro 92).

In short, spatial approaches to collaborative systems have become increasingly
popular. One reason for this is their strong relation to physical reality and therefore
their highly intuitive nature. However, from a more abstract standpoint, space
affords a number of important facilities for collaboration including awareness at a
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glance; support for ad-hoc aswell as planned interaction; use of body language and
other social conventions in conversation management; flexible negotiation of access
to resources (e.g. queuing, scrumming and hovering), and structuring, navigation,
exploration and mapping of large-scale work environments.

However, we believe that current spatially-oriented systems will not effectively
scale to heavily populated spaces. More specifically, as the number of occupantsin
a virtual space increases beyond a few people, the need to effectively manage
interactions will become critical. One example, is the need for conversation
management. As a starting point, we might consider borrowing the conversation
management and coordination mechanisms developed in other areas of CSCW.
Previous conferencing systems have introduced a range of floor control
mechanisms such as chairpeople, reservations and token-passing (Crowley 90,
Sarin 91, Cook 92). Alternatively, the work-flow and process oriented techniques
from asynchronous systems aso represent a form of conversation management
(e.g. THE COORDINATOR (Winograd 86), DOMINO (Victor 91), CHAOS
(Bignoli 91), COSMOS (Bowers 88) and AMIGO (Pankoke 89)). However, we
believe that these approaches are generally too rigid and unnatural to be applied to
spatial settings. As an example, a rea-world implementation of explicit floor
control would be tantamount to gagging everyone at ameeting and then allowing
them to speak by removing the gags at specific times. New techniques are needed
which support natural social conventions for managing interactions. One approach
might be to take advantage of the highly fluid and dynamic nature of space. The
following section introduces a spatial model of interaction which aims to meet these
goas. Furthermore, athough we base our discussion on a consideration of three
dimensiona space, the model is intended to be sufficiently generic to apply to any
system where a spatial metric can be identified, including possible higher
dimensiona information terrains.

3. The spatial model

Virtual spaces can be created in any system in which position and direction, and
hence distance, can be measured. Virtual spaces might have any number of
dimensions. For the purposes of discussion we will consider three. The objects
inhabiting virtual spaces might represent people and also other artefacts (e.g. tools
and documents). Our model has been driven by a number of objectives including
ensuring individual autonomy; maintaining a power balance between "speakers’
and "listeners' in any conversation; minimising hard-wired constraints and
replacing them with amodel of increasing effort; and starting with support for free
mingling and only adding more forma mechanisms later if needed.
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