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We introduce an extension to the spatial model of interaction for CVEs called third party 
objects that provides support for contextual factors in awareness calculations and that en­
hances scaleability. Third parties can have two effects on awareness' attenuation or am­
plification of existing awareness relationships; and the introduction of new aggregate 
awareness relationships We propose a range of applications for third party objects includ­
ing- world structuring regions, aggregate views, common foci, representational and group 
services, and dynamic load management. We present an implementation, the MASSIvE-
2 system, focusing on its network architecture of a dynamic and self-configuring hierarchy 
of multicast groups 

1. Introduction and background 

This paper extends the spatial model of interaction for Collaborative Virtual Envi­
ronments (CVEs) as defined in (Benford, 1993) to include support for contextual 
factors in awareness manipulation and also greater scaleability. This is achieved 
through the introduction of third party objects, independent objects in a virtual 
world that can perform various awareness adaptations and aggregations. Third par­
ties can be used to model a wide range of awareness manipulation mechanisms 
ranging from nested spatial structures such as rooms within buildings within re­
gions, objects that act as common foci for interaction, through to mobile crowd ag­
gregations. The paper also describes how this extended spatial model can be 
mapped onto an underlying network architecture based on a dynamic hierarchy of 
multicast groups. This mapping lies at the heart of the MASSIVE-2 system, a more 
scaleable and flexible successor to the MASSIVE system as described at EC-
SCW'95 (Greenhalgh 1995). The paper describes the implementation of MAS­
SIVE-2 and mentions several example applications including an arena where 
events can be staged in front of crowds of participants; a poetry performance and 
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exhibition and a collaborative software visualisation tool. 
However, before introducing the concept of third party objects, we first consider 

the background to this work in terms of the history of development of the spatial 
model, the current limitations of the model and also related work on spatially struc­
tured distributed virtual environments and multicast network architectures. 

1.1. A history of the spatial model and its current limitations 

The spatial model was first proposed as a way of managing awareness in CVEs 
through the mechanisms of aura, awareness, focus, nimbus and adapters (Benford, 
1993) and was initially demonstrated in the DIVE system and then first fully imple­
mented as the MASSIVE system (Greenhalgh 1995). MASSIVE has since been 
used to hold many virtual meetings and several papers have emerged from these ex­
periences including studies of interaction within (Bowers, 1996a) and around 
(Bowers, 1996b) MASSIVE meetings and also mathematical analysis of system log 
data from an extended series of meetings (Greenhalgh, 1997). Recently, at 
CSCW'96, Tom Rodden proposed a generalisation of the spatial model to arbitrary 
"network" structured spaces that might map onto a range of CSCW applications 
(Rodden, 1996). 

Having developed, implemented and extensively tested spatial model based 
CVEs, we have become aware of two major limitations: 

Contextual factors in awareness - the original spatial model concepts of focus 
and nimbus (see section 2) were concerned with how an observer and observed 
could control the former's awareness of the latter. Beyond a limited notion of adapt­
ers (see below), there was no truly general consideration of how contextual (i.e. en­
vironmental) effects on awareness could be realised (e.g. the effects of boundaries 
in multiple nested spaces, crowds of participants or shared objects). 

Scale - although the initial spatial model support scaleability in terms of aware­
ness driven presentation of large volumes of information to an individual and the 
use of aura to limit connectivity, it still necessitated dealing with individual aware­
ness relationships or aura collisions on a bilateral basis. This represented a major 
bottleneck to implementing CVEs that could support hundreds or thousands of si­
multaneous users. What was needed for some more fundamentally scaleable mech­
anism as a core part of the model. 

The concept of third party objects, a much extended notion of the adapters in the 
original model, is intended to address both of these problems. Third party objects 
were first introduced in (Benford, 1997) which focused on their use for supporting 
dynamic crowds of participants in CVEs. This paper extends this work in two main 
ways. First, in section 3, it explores a broader range of possible applications of the 
third party concept. Second, in section 4, it describes how the extended spatial mod­
el has been implemented as the MASSIVE-2 CVE system with a particular focus 
on the mapping of the model onto an underlying multicast network architecture. 
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1.2. Related work on spatial partitioning for CVEs 

The concept of third party objects also relates directly to other work in the field of 
distributed virtual environments. In particular, several researchers have been con­
sidering how to introduce some form of spatial partitioning into shared virtual 
worlds (typically involving notions of zones or regions) and then map this onto a 
underlying network architecture in an efficient way. For example, NPSNET (Mac­
edonia, 1995) tiles the world with hexagonal cells, each with its own multicast 
group, so that observers need consider only near-by cells. The Spline system (Bar­
ms, 1996) composes the world from arbitrarily shaped regions or "locales" that lo­
calise interaction and that may be "stitched" together by arbitrary 3D 
transformations. In a slightly different vein, RING (Funkhouser, 1996) scopes in­
teraction and communication according to potential visibility in densely occluded 
environments (e.g. within buildings) while localising interactions at servers respon­
sible for specific regions of the world. Other researchers have focused on alterna­
tive ways of exploiting multicast protocols, including the association of multicast 
hierarchies with the hierarchical composition of objects and collections of objects 
in a virtual world as implemented in recent versions of the DIVE system (Hagsand, 
1996). The work described in this paper is intended to be sufficiently general so as 
to subsume previous spatial partitioning approaches. At the same time, it offers an 
interesting contrast to the strict "object hierarchy" approach. In the following sec­
tion, we begin our discussion with a general introduction to the third party concept. 

2. Third party objects and the spatial model 

In order to understand third party objects, one must first be familiar with the origi­
nal spatial model. The spatial model defines mechanisms for the spatial manage­
ment of awareness and communication in shared virtual spaces such that the quality 
of one object's perception of another in a given medium is represented as the quan­
tifiable concept of awareness. In turn, this awareness is enabled through collisions 
between auras and then negotiated through two further spatial fields, focus (observ­
er's control) and nimbus (observed's control). Auras, foci and nimbi are defined as 
general spatial (and possibly non-spatial) fields that can have arbitrary shape and 
extent and can assume different values across their extent. They are also medium 
specific. The further concept of adapters involves the manipulation of awareness, 
focus, nimbus and aura as a result of interacting with other objects in the space and 
can be used to model simple spatial boundaries and communication aids such as po­
dia and conference tables. However, the original adapters could only perform lim­
ited awareness manipulations (i.e. replacing focus, nimbus and aura) and there was 
no general definition of how they were activated and whether they might operate 
recursively (e.g. they could not be used to model nested boundaries within bound­
aries as one might expect to find in a large virtual building). 


