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Overview
This paper is split into three parts, each of which deals with different aspects of, and
approaches to, the collaboration process. Each of the approaches shares a
common root in an aspect of games or gaming. Together the three approaches
represent a tripartite attack on the spectrum of problems that need to be addressed
to achieve successful collaboration. Our approach is summarised in Figure 1.

1: Establish a framework
for collaboration

Collaboration
2: Enable effective
virtual meeting

3: Optimise representation
and interaction

Figure 1: A triangle of gaming approaches to establishing computer mediated collaboration

The first technique is dealt with in Game One
One. This deals with the issue of
encouraging collaboration. It is based on work using a role playing game scenario
and is intended to allow construction industry professionals and clients to develop a
common framework for discussion. It originally existed as a paper based game and
is now being tested in a web-based environment.
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Game Two is based on work that has evolved from contemporary game and
meeting place environments that have been attracting attention recently. Here
internet-based three-dimensional worlds are used as a virtual replacement of real
spaces and participants meet as avatars. In the architectural context we have
investigated the potential for application of such 3D worlds as meeting, and
discussion places where architectural information and ideas can be exchanged.
In Game Three we take the idea that currently, virtual environments are still rather
uncomfortable and unnatural in terms of human interaction, and in particular in the
way that we move around and display architectural scenes. We develop the idea
that games software incorporates techniques that make the representation of
animated, interactive 3D architectural environments computationally efficient. We
have augmented the software used in games environments and have considered
how we construct architectural models and man-machine interfaces to improve the
effectiveness of such environments in an architectural context.
Before we begin with the detail on how the triad of gaming scenarios have been
formulated we should reflect a little on the matter of collaboration. There are
fundamental questions that need to be addressed. Put simply these are:
1.

What is collaboration?

2.

Why should we promote collaboration?

3.

If the answers to 2 and 3 above are positive then How do we foster
collaboration?

To answer question one briefly, we can say that collaboration can be distinguished
from co-operation in which the interested parties agree to work together: it involves
more than that. Co-operation involves agreeing on task assignment; collaboration
involves tackling those tasks together. Collaboration is also more than simply a
matter of co-ordination between the interested parties. Co-ordination is helpful in
avoiding errors in information transmission, but what is key to collaboration, is that
the information being transmitted should be understood and agreed by the parties
involved.
If we turn to the question of why should we support the idea of collaboration we
should note that some of the best architecture of the past thirty years has come
about via a collaborative working environment. Buildings like Center Pompidou,
Paris and Lloyds of London were enriched by the positive inclusion of a range of
players in the decision-making process. Those two buildings (and others) involved
Peter Rice as engineer and Richard Rogers as architect. In that respect we should
note that on the issue of collaboration Peter Rice, is quoted by Sir Richard Rogers
as saying:
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“Good teams are made up of different people; people whose separateness
and attitude complement each other and who, by their individual willingness to
work together and accept the presence and contribution of others, for a while
at least make possible real momentum”
That quote has a resonance. If we can manage our collaborative efforts in way that
optimises our performance then real momentum towards a better design solution
is possible. We believe that fruitful collaboration will be best achieved through a
broad spectrum of developments and our tripartite approach, covering aspects
from across the spectrum is described here.

{ A C C O L A D E }

97

Game One: Three by three
Establishing a collaborative framework for humanhuman interaction
Mini-abstract 1
Game One uses a gaming strategy as its core technique to enhance and facilitate
collaborative working. We illustrate its application through the example of getting a
diverse group of participants in a built environment project to come to a shared way
of working on, and discussing, the problem, when the common goal is to devise a
project strategy which is sustainable.
The World Commission on Environment and Development (WCED), the ‘Brundtland
Commission’, calls for participation to be at the forefront of sustainable
development strategies (WCED 1987) [1]. However, in the years preceding the
commission’s report the mass of literature and debate concerning sustainable
development has produced countless more definitions, many of which are
incompatible with each other [2,3 ]
In order for effective participation to take place between professionals and
community groups there must be continual discussion, however, communicative
exchange requires some common principles if it is to be successful, so as
viewpoints become more diverse collaboration becomes more difficult. Mutual
understanding is a prerequisite for effective collaborative working.
The purpose of this method is to bring together all of the protagonists in a built
environment project (the design professionals, the clients and the inhabitants) to
discuss and develop design ideas by building a common understanding of the
design problems. They do this through the concept of a shared model of the critical
core issues; economy, community and environment [4].

Common Ground
‘A planning effort seeks to debate among a range of claims for attention with
respect to local environments, but these claims come from different ‘thought
worlds’ and emphases and are particular and incommensurable. How then can
they be discussed together?’ [5]
Everything we do jointly is rooted in the information we share about our
surroundings, activities, perceptions, emotions, plans, interests, and such like [].
For a group of individuals to hold a meaningful conversation they must share the
same language (in its broadest sense), in the same way that for two tennis players
to compete they must both know the rules of the game. These overlaps in two (or
more) individuals’ personal knowledge are what Clark refers to as Common
Ground [6].
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When a group of design professionals, clients and inhabitants come together to
discuss a project or area strategy meaningful deliberations can only take place if
they are founded in common ground shared by all participants. This becomes
especially difficult when the debate is focused on sustainable development due to
the mass of literature, the number and complexity of definitions and the individual
thoughts, ideas and biases brought by each participant.
An important part of the collaboration process is the establishment of what
common ground the participants share. When a British citizen (A) meets two nonBritish subjects (B and C) she does not know the extent of their knowledge
concerning the UK (Fig. 1). ‘A’ may assume that ‘B’ and ‘C’ have basic knowledge
(name of capital city, language, Prime Minister and so on) but she does not know
the full extent of their knowledge and where there are overlaps. Before all three can
discuss the UK some common ground must be established. When participants
met to discuss sustainable development (or any design issue for that matter) they
must first establish the nature and extent of their common ground.
Another obstacle hindering effective discussion concerns a speaker’s meaning
and an addressee’s understanding. If two Architects, one from the US and the
other from England, are discussing the first floor of a building plan how can they
be sure they are discussing the same floor when, although both are native English
speakers, in the US a first floor is what is referred to in the UK as the ground floor?
The same principle applies in the discussion of Sustainable Development. Some
participants think of Sustainable Development only in terms of economics and use
the language of economics to describe it, others think of it only in terms of the
natural environment and use language specific to that discipline. Both of these
collaborators may share common ground but their language use is a barrier to
mutual understanding. It is clear that methods are required to ensure a speaker’s
meaning is the same as the addressee understands.

Figure 1: Individuals knowledge of the UK where ‘A’ is a British citizen, and therefore knows much, and ‘B’ and ‘C’ are both foreign to the
UK. The dark shaded area shows knowledge shared by all three individuals (their common ground). It is this shared knowledge that they
can use as a basis for discussion.

This strand of our research focuses on one solution to the problem of establishing
common ground. The method introduces a shared model to participants that they
then use as a basis for discussion – the model is the framework that establishes
their common ground. When the participants use the model as a basis for
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discussion they can also more easily ascertain other elements of common ground
shared with other collaborators and later accumulate further common ground. In
the next section the nature and application of this model is elaborated on.

The Model
The issues relating to sustainable development are very complex but we believe
that any model used to assist in the communication process between disparate
groups should be as simple as possible, whilst not trivialising the issues []. The
gaming technique we have chosen is based on a simple three variable model,
originally described by Mackie [8].
The model is based on a 3x3 matrix that models the interaction of the economy,
community and environment (the ‘stocks’). The columns represent each stock and
the rows represent the possible states of each stock: robust, fragile or stable.
Robust stocks are little affected by external events, stable stocks are locally well
founded but subject to external ‘shocks’ and stocks that are fragile are locally at
risk and prey to external effects (Fig. 2).

Figure 2: The three-capital model with (a) a stable environment, a fragile community and a fragile economy and (b) a fragile environment,
a robust community and a stable economy.

Much discussion on development centres on the economy but this is only one of
the three strands that must be considered [9]. The three capital model we are
using does not force discussion onto a single issue but allows participants to
share all of their knowledge. It does not focus on a single issue but concentrates
on the whole system, becoming an easily accessible ‘language’ for facilitating a
holistic discussion [10].
Although apparently simple, the model also facilitates discussion of ‘complex’
sustainability, where a ‘project’ shifts the stocks in different directions forcing a
trade-off. Should the environment (natural stock) be singled out for special
treatment or is it just another form of capital? Can one stock simply be traded for
another? The model provides a framework for the discussion of these issues, and
in doing so the local common language is reinforced.
The model has three key objectives that are applied in a number of different forms.
The first is in ascertaining common ground. When participants are introduced to
the model it becomes a common language they can use in discussion. It is in
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these early discussions that participants discover what common ground they
share.
Secondly, the framework of the model makes communication on the subject of
development accessible to all participants greatly improving the communication
process. This simplification of language helps collaborators to explain complex
ideas that are accumulated to the group’s common ground. Finally, the model can
be applied to the analysis and tactical development of regions or areas (Fig. 3)

Real world examples
To date the model has been successfully used with a wide cross section of
participants. It has been used in an educational environment in the form of the
‘Children’s Eco-city project’ [11, 12]. It has been used to assess an area in
Scotland by ‘Sustainable Fife Roundtable’ (Fig. 3). It is also used by Highland
Perthshire Communities Partnership (HPCP) to ensure that all group members,
ranging from oil industry executives to political journalists, have a common
language for evaluating and prioritising proposed projects, thus forming the basis
for collective reasoning.

Figure 3: The model applied to various areas of Fife by the Sustainable Fife Roundtable.

Finally, the model also forms the basis for the ‘sustain game’, a role playing game
where participants make decisions with the overall aim of achieving a sustainable
community, thereby becoming familiar with the core ‘vocabulary’ and ‘grammar’ of
the common language. This is the technique we have been investigating.

The paper ‘sustain game’
To play the game teams use the 3x3 matrix as part of a game board and usually
start with the stocks set at random levels. Then, using the model as a basis for
discussion, team members determine a sustainable development strategy for their
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fictitious community.
Once each team has a strategy in place they are presented with a playing card
outlining a possible new project to be added to their community. The card
indicates how the project will modify the existing level of the stocks, create jobs
and possibly attract further projects. The teams use the model to inform their
decision as to whether or not the project fits into their local sustainable
development plan.
Often in the real world, local groups can only attract or discourage development
projects. They are often not the ultimate decision-makers: so it is in the game. After
the players have made their decision it is modified by the roll of a die; if the result is
a 1, 2, 3 or 4 the decision is carried in their favour, if a 5 or 6 the decision goes
against them. Some projects attract other related projects creating runs of
development that teams can find difficult to stop, forcing them to adapt their
development strategy (Fig. 4). The aim of the game is for teams to achieve, then
maintain target stock levels for a predetermined number of rounds.

Figure 4: The process of the game. As projects happen teams must reappraise their sustainable development strategy accordingly.

The digital game
Although the real-world paper gaming sessions have been very successful in
facilitating discussion on issues pertaining to sustainable development between
different groups of people, one of the current strands of our research has been to
establish how far we can augment and improve the system by translating the ideas
to a computer based system. The starting point for this virtual-world game was
that, unlike the real-world gaming technique, it must be usable in isolation, allowing
individuals to access ideas about sustainability from a related database (which
partly mimics the role of the expert human agent in the real-world game). The initial
prototype for the digital game was created using Macromedia Director [10]. This
has now been superseded by a web based version [13].
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The gameplay of our virtual-world game and the real-world game is the same.
Players are presented with a project and use the model as a device for integrating
thinking about the interplay between the stocks in order to decide upon the
project’s suitability for their virtual community. The computer takes the role of the
die and the game finishes after a predetermined number of rounds or whenever
the user decides to terminate it. The same graphical representation of the issues is
also used; ensuring the understanding of the model is transferred between
different environments (Fig. 5).

Figure 5: Screen capture of the web-based game (version 6a).

Part of the strength of the three capital model is that it provides users with a vehicle
for decision making in a sustainability-led discussion. It allows users to take
account of sustainability in a broad sense whilst not bogging them down with a
mass of detail. This general comprehension of the issues is essential if players are
to tackle the more detailed arguments that often surface during the gameplay.
The discussions that occur in the real-world gaming sessions are greatly enhanced
by the background knowledge, experience and biases that players bring from their
own respective backgrounds. When teams are dealt a project card they can
decide on the appropriate collective action by simply considering the effects on
stocks or they can delve into their combined knowledge bank for additional
information. This extra information often causes players to disagree with the
modifications a project, suggested by the project cards, will make to the stock
levels but any additional discussion of the issues serves to further “lock the idea of
the model” [14] in the minds of the participants.
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When individuals use the virtual-world game, the debate and additional information
that adds richness to the real-world game is often missing, as players only have
their own experiences and the information they are supplied to work with. The
effect of this difference is not yet clear.

Digital enhancements
As described above many projects in the real-world game attract other related
projects; for example, a major manufacturing plant may attract a number of smaller
manufacturers and some starter homes. Where a project encourages further
development it is up to the team members to decide whether these ‘downstream’
projects fit in with their sustainable development strategy. The link between a major
manufacturing plant and a number of smaller manufacturers is clear, in the realworld game; however, the link between a project and its associated downstream
projects is random. For example, a sulphuric acid plant may attract a tourist
information office.
The computer-based version of the game exercises some control over the unlikely
combinations of downstream projects by selecting them from a subset of relevant
projects rather than from the whole project set (as in the card game). This simple
modification to the gameplay stops player’s strategies being dominated by the fear
of attracting unrelated downstream projects, so this is a clear improvement.
In the real-world game, as well as assisting teams in their deliberations, the game
controller can intervene with announcements that affect player’s plans. These
usually come in the form of national effects that may, for example, force the
closure of all manufacturing plants of a certain type due to a change in
government policy. The virtual-world game allows a level of control to be added to
these announcements, not possible in the paper game.
The purpose of the game controller’s interventions is similar to that of the
modification to a team’s decision by the roll of the die, it shows the players there
are external factors that affect local communities. However, in real-world gaming
sessions the interventions do not always affect each team. In the computer based
game these fictitious national trends are tailored to each player. The ‘unexpected’
combined effect of multiple projects also provides a basis for further interventions.

Conclusion
The paper gaming sessions have been successfully used by local groups
throughout the UK in working on both fictitious and real projects. The model has
been utilised, with effect, by Highland Perthshire Communities Partnership to
educate members, assess areas and even contest a planning application. The
digital game, although still in development, has also been used successfully to
educate individual users on the principles of sustainability and has the potential to
enhance the game with useful facilities.
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However, we see the web based game not as a replacement for the paper game
but as an additional tool to prepare participants for collaboration. If participants are
to hold a meaningful discussion they must be able to communicate effectively and
the 3x3 matrix provides the participants with the new shared language that they
need to establish a ‘Common Ground’ for their collaborative efforts.
With an appropriate framework for human-human interaction established, the next
step is to consider how computer mediated communication might be used to
augment and expand the potential for collaborative work. Game Two looks at
means for enabling such working environments through human-computer-human
interaction.

{ A C C O L A D E }

105

Game Two: 3D Internet Game Worlds:
Enabling a Virtual Meeting Place and Information
Resource
Mini-abstract 2
There are practical and pedagogic implications that arise in devising a 3D web
accessible, virtual meeting place as an environment to enable the display and
sharing of information in an architectural setting. The first stages of the
establishment of a new web-based environment are described in this section and
this involves a review of some of the environments that might be appropriate for
such a meeting place.
We take a particular example to illustrate the points at issue. The 3D world that is
being used as a test bed is intended to:
•
display building design project work
•
allow exchange of views; discussion; points of contact;
•
provide educational and research information relating to CAAD.
The range of environments reviewed offer a collaborative environment represented
in a three-dimensional form. In particular those offered by Blaxxun, Holodesk and
Active Worlds are reported on.
This work has been conducted on behalf of the eCAADe organisation [15] as part of
the organisation’s mission promote and facilitate the discussion and interchange of
ideas relating to a field of CAAD. The new technologies that have come together to
give us the environment that we know as the Internet has offered a range of stimuli
for new initiatives.
Several notable contributions have been made to the evolution and adaptation of
these contemporary Internet related technologies. The concept of the project
described here has become to provide an Internet world that fully exploited the
potential for sharing information whilst recognising and responding to the important
observations and conclusions of researchers working in this area. The broad aim
was to provide and interactive counterpart to the information gathering and design
discussion processes in architectural design and architectural design education.

Background
There currently exist many two-dimensional web based galleries architecture, art
and design artifacts (see for instance the display of work at Liverpool University
School of Architecture [16]), but recent developments in the associated
technologies offer enhanced ways of viewing, discussing and interacting. In the
past five years or so various researchers and research groups have contributed to
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the evolution of web based communication for architectural design and
architectural education.
There has been a great deal of attention paid to the idea of the Virtual Design
Studio (VDS) in which architectural design proposals are discussed and developed
by groups in disparate parts of the world either synchronously or asynchronously
[17, 18, 19, 20]. A particular strand of work in this area which is enlightening has
been undertaken by a dynamic group who have worked together in a variety of
different teams, which is itself evidence of the net fostering fruitful and flexible
collaboration. The work in question has led recently to collaborative architectural
projects called Place2Meet and Place2Wait [21]. The projects follow from earlier
work which refined a tracking system to record interaction, and design
modification, called Phase(x) [22]. Also in its ancestry is the development of a
virtual environment for experimental interaction called fake-space [23].
In a broader sense Caneparo [24,25] has been involved in the notable
development of appropriate worlds for synchronous interaction in a Shared Virtual
Environment for architectural debate. Added to this the potential for the application
of such environments for teaching [26, 27] and assessment [28] in architecture
have become apparent in recent years. But it should be noted that there are
significant caveats. In the evolution of an appropriate virtual world one of the
temptations is to believe that enhanced technology (such as faster machines and
more bandwidth) holds the key to solving the current problems evident in netbased communication. However, Winter and Taylor [29] emphasised the
importance of allowing users to construct their own protocols. Koralevic and Ng
discussed the application of such ideas in an architectural education setting [30]
who concluded that ‘flexibility in the provision of technology is more important than
its optimisation’.
But, given the reservations and current pragmatic limitations, it is apparent that
multi-user domains (MUDs) such as Fatal Dimensions [31] offer the potential to
provide promising social workplaces and, given the advent of three-dimensional
graphics and sound, to offer rich and compelling on-line spaces [32]. Even though
the Fatal Dimensions domain mentioned above is only text based the interaction
between architecture students in the domain is lively and diverse. A visual world
has the potential to be even more engaging and appropriate for architecture
students.
Interaction and its support are key issues in such environments. Participants such
as architecture students need to feel they achieve something in terms of the world.
The chatting element should not take over, but is an important social aspect that
should not be ignored. The so-called socials, with which one can express
emotions and opinions in the virtual world, are used a great deal, and
fundamentally affect the user’s perception of the virtual world. Research shows that
avatars should have a range of appropriate expressions to support this aspect.
There are many degrees of usage of MUDs. Standard players simply roam about,
whilst more sophisticated users take up social roles (clan leaders say) and advise
and help others.
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The collaborative world developed should be one that supports and fosters
discussion and exchange of information as effectively [33] and the construction of
the world should be driven by this primary consideration. The physical environment
in which the users experience the virtual world is clearly of fundamental
importance. The nature of the image and its projection have an important role to
play in the effective functioning of virtual environments [34]. However, in this report,
we are only able to pay attention to this aspect in a limited way. Our focus here is,
de facto, on screen based human computer interaction issues.

The Conceptual idea and Criteria for evaluation
The conceptual organisation of the world and its interconnections that has been
initially agreed is shown in Figure 6. In devising this representation we were aware
of other potential metaphors, such as ones which bear only a loose connection to
a representation of a real environment. In addition to the building metaphor chosen
the other two potential contenders were the city model and an abstract model. The
abstract metaphor would be the result of arguing that in a virtual world the need for
a real world analogy is debatable.
We envisage that the world would be entered via a Virtual Foyer [1]. From this area
four other principal spaces could be accessed:
1.
2.
3.
4.

a public meeting space [2]
private meeting spaces [3]
a lecture room [4]
permanent gallery [5]

Figure 6: The initial conceptual structure of the world
108

Further enhancements to the world might be possible in some of the environments
being considered. In some environments it is possible for users to attach
(temporarily) their own subspaces to the main world. This feature then makes it
possible to have the following additional ‘rooms’ (Fig. 7):
5.
6.

user hosted galleries [6]
user hosted meeting spaces [7]

Figure 7: Potential augmentation at a local level

The critique of the 3D Internet environments needs to take in specific technical and
pragmatic issues. Our theoretical and philosophical goals have to be achievable
through an environment that is accessible, efficient and effective. The issues and
sub-issues that we considered important initially were:
•
•

•
•

Technical: Bandwidth; required hardware; computational power;
accessibility/availability; connection speed; performance under stress;
stability
Educational: does it pose limits on possible content?; pedagogical use;
gallery support; discussion support; does interacting in these worlds
transmit additional knowledge/information effectively?; what do you learn
from building environments?; is there a steep learning curve for advanced
use?
Human Computer Interface: Time investment/product quality ratio; Speech/
text/avatar possibilities and value; discussion of work easily possible?;
private/public rooms?
Administration: what are the respective privileges and how are they
managed?
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Worlds apart
We considered three Internet accessible worlds that might offer an appropriate
development environment: Active Worlds: Eduverse []; Blaxxun: Cybertown and
Virtual University [36]; Holodesk [37]. A brief description of each of these
environments is given below. Each of the worlds is evolving so these views will, we
accept, become dated rather quickly, but the broad criteria of evaluation will
remain largely unchanged.
Active Worlds: Activeworlds Eduverse

Active Worlds is a very busy environment and architecture schools already have a
presence there. Meetings and lectures take place there frequently. Worlds are
constructed in the environment by modifying and adapting library objects available
in the Builder’s Yard. Communication can be typed (in a text window) or spoken
(given the right sound cards in the communicating machines).
In its favour we would say the following: it is an established and busy world; there
is a facility for whispering (private chat); it is already used for built environment
disciplines. Against it we would say that: it does not import vrml; only 10-15 avatars
can be seen even if there are more participants than this present; it is busy and
heavily populated at times; there was a poor response and refresh rate in our tests.
Blaxxun: Cybertown and Virtual University

Blaxxun has many features that we regarded as useful and appropriate. However
the organisation offering the world would have to provide a host and server from
which the world could be run.
The advantages of this environment are: it is already in experimental use in
education; it is in an advanced stage of development; it supports VRML import; a
participant capacity of 100 (is claimed); it refreshed at a fast frame rate.
On the minus side we would comment that: it is a heavily populated world with
heavy backchat; a suitable host with an appropriate server must be found; and that
vrml import is not straightforward.
Holodesk

An Internet Explorer engine provides the framework for Holodesk. In terms of ease
of use and clarity of the interface this environment had a lot to offer.
The best features of this world are: two-way voice chat is supported; navigation
can be either by vrml interface or keyboard; it is easy to use and responsive with a
small number of users; it has an effective whiteboarding facility; there is no sign-up
charge; it is easy to load up vrml files and avatars; and local loading of worlds
would make it easy for staff and students from a range of institutions to add their
own mini-worlds.
As we see it the minus points are that; there is limited capacity for holding a large
number of participants in one world; it is a new, and relatively untested system,
with important developments still to take place; currently we would need to provide
the server and host the world ourselves; there are still important developments to
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come, for instance there is no facility for whispering (private chat); the voice facility
does not work with all soundcards; the system slowed down dramatically during
our tests.

Augmentation and future directions
The ideas and review outline described above were presented at the 18th eCAADe
Conference in Weimar in June 2000 [38] and comments were invited. Following
comments and a review by the authors a number of steps have been agreed.
Firstly the conceptual idea has been expanded. It has been agreed that two new
‘rooms’ should be added. These are:
•
•

A Library; an information resource on line.
A Model Store; sharing models, particularly of cities and of significant
buildings.

Second, test worlds are being constructed to evaluate the effectiveness of each
environment before a major commitment is made in any of those available. The
views in Figures 8 and 9 show one such test world, called Erehwon and,
Erehwon1constructed in Eduverse. In this world virtual 3D meeting rooms,
resource rooms and libraries have been constructed, and the effectiveness is
being evaluated.

Figure 8: An initial test world – Library in Erehwon1
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Figure 9: Meeting Room in Erehwon1: the drawing and information currently being discussed is pinned up against the translucent walls of
the meeting room.

These 3D worlds clearly have the potential to be the medium through which
physically remote individuals and groups can collaborate. Having said that there
are practical problems that might constrain the potential. Speeds of connection,
local hardware requirements, the mix of voice and text chat and local ‘Firewalls’
represent practical obstacles that require further development.
Added to that there are the functional and psychological issues related to
communicating through this digital medium. These too must be given attention.
Slater et. al [39], have, for instance, noted that:
'Group accord tended to be higher in the real meeting than in the virtual
meeting. Socially conditioned responses such as embarrassment could be
generated in the virtual meeting, even though the individuals were presented to
one another by very simple avatars. The study also found a positive relationship
between presence of being in a place and co-presence - the sense of being
with the other people. Accord in the group increased with presence, the
performance of the group, and the presence of women in the group.'
Such observations should condition any attempt to establish an environment for
effective collaboration. In Game Three, that is presented next, some of the practical
obstacles and functional issues begin to be addressed, by looking at a potential
interface and means of navigation for effective communication and working in a
virtual built environment context. Issues dealt with range from computational
effectiveness to increasing the sense of presence.
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Game Three:
nAVRgate: powered by a games engine
a natural gateway
to collaborative working through
gate
Architectural Virtual Reality
Mini-abstract 3
The physical and visual natures of the interface devices and media that enable the
human agent to interact with a virtual world have evolved over the past few years.
The games industry has been at the forefront of developments in this area and the
techniques described here use representation and animation techniques that are
taken from that industry. We have married modified versions of games industry
software with ideas on navigation and improving the quality and effectiveness the
quality of the Cyberplace.
The work described here emphasises the Navigation aspect of our Virtual
environment. Sometimes navigation is confused with locomotion but, as Darken et.
al [40] note:
‘Navigation must be seen as a process. We often make the mistake of seeing it
as its end result – locomotion- navigation’s most visible attribute. However, the
cognitive subtasks that drive locomotion…are an integral part of the overall
task’
Inextricably linked with the idea of navigation is the mental representation, the
cognitive map, of our understanding of the environment. In other disciplines
concerns over the visual representations of information in virtual environments raises
new issues. But in architecture there is a legacy of visual representation in the real
world that we need to examine and take account of in designing new virtual
environments. Maher et. al. [41] make the point:
‘Although architectural design is noted for the forms and places created, the
semantics of these places lies also in their function. The functional aspects of
physical architecture can influence the design of virtual worlds’
Our aim is to be able to comment on the effectiveness of the systems that have
been devised from a number of points of view. We consider the physical and
software-based aids for navigation; the nature of the representation of architectural
worlds; strengthening ‘groundedness’; the inclusion of ‘otherness’; and
reinforcement of the idea of ‘presence’.
The goal in devising this system has been to enable interaction with a virtual
architectural environment in a way that is effective (taking into account the issues
raised above), but such that it is possible to construct the system at reasonable
cost. The system is also intended to be Network-Internet accessible, so that it has
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the potential to be used are the vehicle to facilitate interdisciplinary collaborative
discussion with parties involved being located at remote sites.

Introduction
Many contemporary developments in the evolving ideas on how design can be
transacted focus on the use of virtual environments. The apparent potential is
enticing. But questions relating to how Human Computer Interaction (HCI) issues
should be addressed and how we extract the best of best practice from HumanHuman Interaction (HHI) studies remain largely unresolved. How should
architectural images and ideas be most appropriately represented, and how
should designers and design project collaborators interact and develop ideas
through this computer-mediated medium? More importantly, how do we do this in
an optimal way? Whilst there is never likely to be unanimity in answer to such
questions, we can develop new ideas and new systems, test them, report on them
and invite comment. The nature and novelty of virtual environments is such that
refinements and innovations are likely to come from a variety of sources and in a
variety of ways.
This section of our tri-partite study reports on the nAVRgate project, which is now
in its second phase. In the first phase a low-cost, but effective virtual environment
system was developed. The software used was computationally efficient, and the
physical interface was direct and effective. The keyboard and mouse were
replaced by an interaction device that was more familiar and appropriate to
navigating through urban environments, the bicycle. In this respect the system
bears similarity to the Legible Cities idea suggested by Jeffrey Shaw [42]. The
nAVRgate-1 system has been demonstrated and reviewed. Following that review a
second stage of development has taken place. The paper here will present a
summary of the nAVRgate-1 system, the principal points arising from the review
process and a description of the current stage of development, nAVRgate-2.
nAVRgate-2 brings together three strands of refinement. First, new ideas on lowcost, but natural and appropriate interaction devices have been developed.
Second, ideas on how the shortcomings of the software in nAVRgate-1, without the
loss of computational efficiency, might be addressed have been investigated.
Thirdly, ideas that have arisen from parallel work in the authors’ research group on
the nature and differences in perception of architectural images in a computermediated environment are being drawn in.
There are two interesting projects that gave some early inspiration and direction:
the "Legible City" and Char Davies’ "Osmose" [43] projects. Both developed a
body-driven navigation interface for the particular non-realistic environments (a
text-analogised city in the case of Shaw and a surrealistic environment for Davies).
In the case of the Legible City, the interface was an exercise bike and for Osmose,
a scuba diving metaphor was used. In both cases, users could almost immediately
concentrate on experiencing the VE rather than learning the navigation method,
that is the interface very quickly became transparent to them. Just as importantly,
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the sense of presence and connection with the VE was very strong [44]. The aim of
the nAVRgate project is the same rapid transparency and sense of presence. In
this sense the work of others such as Regenbrecht et.al. [45] also aims to move
the developments in this area in a direction that will produce more effective and
appropriate systems for navigation and interaction.
It is, though, easy to fall into the trap of assuming that natural locomotion is best
most appropriate for virtual environments. Thus far we have found it to be very
effective, but are aware of the fact that assuming ‘natural’ is best may imply
“questionable assumptions concerning distance and direction estimation and
maneuverability” [40]. In addition there are several pieces of work that show that
spatial skills are not completely innate [46], and such findings have particular
consequences when we consider designing virtual environments of architecture
and for architects

Implementation in the nAVRgate system
The importance of retaining a sense of orientation in a VE has been [47].
Furthermore, the problems of scaling and scalelessness in the locomotion
through, and perception of, the virtual space require attention in developing such
environments. It has been shown that proprioceptive information aids the human
agent in relating motions of the body to movements in space. Loomis et. al. [48]
have shown that distance and direction estimation in virtual space were improved
by the introduction of proprioceptive feedback. Such ideas will be responded to as
the nAVRgate project evolves.
Our initial intention in the nAVRgate project (the AVR being a sub-acronym for
Architectural Virtual Reality) was to develop a generic navigational metaphor, that
incorporates a variety of natural locomotion methods. We initially developed an
architectural VE using a commercially available gaming engine and, initially,
revisited the use of a bike for navigation.

Figure 10: The interface for nAVRgate 1
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nAVRgate-1 was ruthlessly pragmatic. An exercise bike (Knight and Brown; [49])
has been modified to give the basis of the system using a radically modified serial
mouse. Left and right movement of the handlebars is translated into movement in
the X-axis, pedalling into the Y-axis. Whilst this has overcome some of the
problems some other researchers have found, such as the optical speed tracking
of the wheel, it has raised others that we are addressing.

Figure 11: The extension of nAVRgate 1: enhanced by head movement and walking controls.

In the enhancements to nAVRgate-1 experimentation with augmented forms of
locomotion and control by walking and head movements are being undertaken.
These additions are, again, aimed at making the virtual environments more
comfortable and natural to use. This aspect, added to the computationally efficient
visualisation and animation techniques now adopted, have the potential to
amalgamate to give a virtual environment that is both effective and appropriate for
collaborative projects in the field of building design.
Acknowledgement: the research work described in ‘Game Three’ has been
undertaken in collaboration with our colleague Mike Knight in the CAAD Research
Unit School of Architecture and Building Engineering, The University of Liverpool,
UK
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