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Abstract-

This thesis addresses issues related to the development of Collaborative
Virtual Environments (CVEs) for architectural design use. Today a new level of
complexity has been brought to the meaning of virtuality by the creation of network-
based virtual communities and the use of avatars along with multimedia which
provides the technology for remote presence and collaborative experience.
Communication and especially collaboration among design teams are now key

factors in making the design process faster and more efficient in order to achieve

increased competitiveness in the construction market.

The objective of this thesis is to present a tool that is capable of creating 3D
shapes 1n a shared VR environment, therefore allowing the evolution of the design to
be a shared process. Along with its companion thesis (Conti, 2002) it gives the .
description of a framework and software prototype which could help practitioners
using Virtual Reality technology by being a new interface for collaborative design at
the early stages of the design process. The prototype system that is described here is
called Java™ Collaborative Architectural Design tool in Virtual Reality (JCAD-VR)

and this thesis presents a description of its collaborative architecture.

This thesis gives a description of the phases and technical solutions in the

development of the network architecture and collaborative features of the JCAD-VR

system. In addition, several different communication tools were used to enhance
communication and the flow of information among the design teams and they are

integrated in a Virtual Environment specifically created for architects.

After the description of the software development the results are given of a

test of the collaborative architecture of JCAD-VR and its ease of use in a real multi

participant design experiment which show the potential and efficiency of using CVEs

in architecture.

it
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1 Introduction

1.1 Introduction

This chapter introduces the general aim of the thesis, its general framework

and the most important concepts at the foundation of the project.

The research outlined in this thesis addresses the issues concerning the
support of the architectural design process by computer applications. In particular
this project investigates the use of software that supports architects at the early stages
of the design process, at the so-called conceptual modelling phase. Regarding
conceptual design, Shukur (2000) stated, that designing a building or other artefact
involves really great effort to produce an original concept. In fact due to its nature,
concept modelling is to a certain extent more complex than the later design stages
since 1t has less reference to reality. This can potentially cause many aspects and

features of its design to be lost or inadequately handled depending on the subjects’
capabilities (Shukur, 2000).

Traditionally many architects have addressed the problem of abstraction that
1s typical of conceptual modeling by proving their design proposals using physical
models. Unfortunately the most accurate 2D paper representations are not usually

suitable to explain and transmit the complexity of some architectonic ideas.

Nowadays advances in computer hardware and software have significantly

contributed to this issue allowing 3D virtual modelling and animations to be used
daily in the architectural practice. Similarly the relatively recent introduction of

Virtual Reality (VR) has represented another step towards a fully comprehensive
simulation technology. The next section will discuss the introduction and application

of VR to the architectural design process.

1.1.1 Virtual Reality as a New Means for Designing Architecture

Although today the use of the third dimension has become a daily practice,
the Computer Aided Architectural Design (CAAD) community 1s only now



experiencing the move from static representation, based on 2D renderings or pre-
recorded animations, to dynamically generated 3D representations. Real-time
navigation and interaction, typical of Virtual Reality environments, provide the
fluent interface and that facilitates the exploration of the design proposal, that is the

main omission of all the Computer Aided Design (CAD) packages commonly in use.

Furthermore the access to desktop VR applications makes them a feasible
approach in everyday practice thanks to the increasing growth of computational
resources and hardware power. Moreover, the recent growth of network-based virtual
communities and the use of avatars have brought a new level of complexity to the

meaning of virtuality, providing the technology for remote presence and

collaborative experiences.

The use of VR 1n design broadens the boundaries of traditional perception by
providing experiences of worlds not necessarily real or material. Therefore it gives
the user the freedom to simulate and eventually to build up knowledge and skills
dangerous or too expensive for human beings to acquire. In an architectural context
the use of Virtual Reality provides the designer with an appropriate, quick and
practical feedback that facilitates the search for design solutions. In fact, due to its
visualisation power, it enables the capturing of more information than would be
possible with the use of the traditional media and it makes the checking of the design
solutions more efficient by enhancing simulation capabilities. Furthermore VR
provideg a natural and user-friendly interface between practitioners and clients
enabling them to check the functionality of the design and ensuring that the design
meets the clients’ expectations. Consequently VR could become the ideal simulation
medium for architects investigating design solutions and it could contribute to the
production of a better-built environment by addressing sustainability through

environmental simulations and appraisal, and engaging design creativity through

immersive design.

Thanks to all these advantages it is highly predictable that in the near future
VR will become the interface for the next generation of CAD applications, the so
called VRAD (Virtual Reality Aided Design) systems thus promoting VR from a

mere presentation medium to a more powerful and effective design tool. Moreover



current research interest is in multidisciplinary working activities and collaborative
networks which broaden the concept of VR itself through the development of multi-
user applications that allow several remote participants to interact within the virtual

environment and to accomplish, collaboratively, complex design tasks.

1.2 The Aim of the Project

The importance of VR technology with its revolutionary shift in visualization
and the effect that VR-based applications could have for the architectural design
process is stressed by Dagit (1993, p.514) who states that “architects, as a group, are
more aware than most of the profound impact that Brunelleschi’s invention of
perspective had on society following the fifteenth century. Perspective initiated a
fundamental change in the way humans perceive themselves and their environment.

Some are looking to virtual worlds as a similar key to opening up new levels of

human perception.”

In particular, the identification of the role of VR and its place within the
practice of architecture has been the subject of a previous experience of the author
published at the UK VR-SIG conference in Glasgow (Ucelli et al., 2000). During the
first year of the PhD ‘course the author had the chance to work part-time at the
Glasgow office of the internationally renowned engineering consultants company
Ove Arup & Partners. This office was particularly interested in coming closer to the
new visualization and simulation capabilities allowed by Virtual Reality technology.
The time spent working at Arup provided the opportunity to investigate problems
and issues about the use of 3D modeling and VR in ongoing projects. This
experience gave the chance to work closely with both architects and engineers who
were for the first time experiencing VR technology. During a 6 months time a
number of 3D models were created and architects and engineers were invited
repeatedly to evaluate and discuss the progress of the projects at the Virtual
Environment Laboratory (VEL) in the ABACUS unit of the University of

Strathclyde, in Glasgow (University of Strathclyde, 2002).

This experience confirmed what other authors had stated (Dorta et al., 1998,
p. 144): “the design process is made up of two activities which are graphic 1deation



or conceptual design and communication [...] the first 1s a formative process dealing
with creating and evolving 1deas [active phase]; the second 1s a descriptive process

aiming at presenting to others fully-formed ideas [passive phase]®.

Unfortunately the results of the experience were such that, while proving the
huge potential of VR for reducing designs “flaws”, they highlighted that the present
use of VR 1s limited only to the last phase of the design process, which Dorta et al.
(1998) call the passive phase, when the visualization takes place and the result of the
design process 1s eventually shown to the client. Figure 1.1 resumes the most
important phases regarding the development of CAAD and VR models. The schema

1s the result of direct observation of project dynamics in the real working

environment experienced by the author.
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Figure 1.1: The architectural design process from a 3D modelling/VR point of

view

It is evident from the graph in Figure 1.1 that the use of VR-based

visualization techniques is confined to the end of the conceptual design phase after

all the design choices have been taken. This is due mainly to the fact that the models



to be visualized in VR have been created using traditional CAD/CAAD packages and

not directly within the virtual environment, making the use of VR more time

consuming and therefore less effective.

The knowledge gained through this valuable experience was the base of the

concept of the framework reported in this thesis.

The concept upon which the Java™ Collaborative Architectural Design tool
in Virtual Reality (JCAD-VR) framework is founded is to try to anticipate the use of
VR within the active phase of the design process thus taking full advantage of VR
technology and exploiting its creative potential. The aim is to provide the designer
with a tool for creating 3D-shapes in a shared VR environment, thus allowing the
design to be shared as it evolves. VR then becomes a new design tool and multi-

participants can interact with the environment and each other while discussing,

creating and modifying the 3D design solutions.

1.3 The Approach Proposed: the Framework and the
Working Prototype

Observations of current architectural design dynamics showed clearly that the
use of external packages to create and modify models for VR applications is a key
problem for an effective use of the technology. A preliminary research study was

necessary to identify the type of software application that could better exploit the
potential of VR technology in the design process, and to follow the most suitable

approach for its implementation. Figure 1.2 shows the most important steps that led

to the development of the software framework and to its implementation.
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Figure 1.2: Main phases of the project



1.3.1 Preliminary Research Study

The previously mentioned research study provided the foundations of the
whole JCAD-VR project and was the opportunity to clarify the role that VR

technology occupies in the design process.
During this phase a study was also carried out on:
e Software programming approaches for VR
¢ The characteristics of VR software packages
¢ The computer platforms used

e Related technical issues.

This preliminary study provided the base for the development of the
methodology for the implementation of the first part of the framework. This supports

the creation of a virtual design environment for conceptual modelling in architecture.

Furthermore an overview on collaborative applications and their use in the

architecture practice was necessary, thus the following topics were investigated:

e Collaboration in the architectural practice and its impact on the organization

of work
e Collaborative software architectures
e Software packages and their charactenstics
e Communication tools and their implementation
e Related technical 1ssues.

These topics address issues relevant to the implementation of the second part
of the framework. This part supports the development of a collaborative architecture

and communication platform for the virtual design environment.

1.3.2 The Development and Implementation of the Framework

As anticipated in the preliminary research study it was possible to identify

two independent, but related, research themes within the JCAD-VR project:



i. The creation of a Virtual Design Environment

2. The implementation of its collaborative architecture.

Each theme required addressing a multitude of theoretical and technical
issues and a great deal of attention was paid to the creation of a coherent unique
application using independent compatible software modules. Figure 1.3 shows the
five main sectors that form the framework of the project: 3D Interface, 3D Geometry
Core, Computer Supported Cooperative Work (CSCW) tools, Collaborative
Architecture and Database Management. Those sectors marked in red refer to the
development of the Virtual Design Environment, those in yellow to the
implementation of Collaborative  Architecture, including the necessary

communication tools and a module for the management of shared databases.

Figure 1.3: Overview of the whole software framework with the two parts

marked in yellow and red

Once the general framework of the project was established, each area of
interest was independently developed, although every sector was checked against the

general framework to ensure compatibility.



The implementation of the two sectors proceeded in parallel as shown in

Figure 1.2 until the completion of the first fully working prototype. Then after further

software optimisations, the final prototype was developed.

1.3.3 Tests and Experiments

Many unreported tests were carried out during the implementation of the
prototype in order to check for software mistakes and bugs in the code. Since the
entire project focuses on the early stages of the architectural design process the final

prototype was tested in a real working situation involving the creaticn of an initial

conceptual model for a design project.

The experiment that involved students of architecture will be discussed in

detail in Chapter 7. It gave the opportunity to test the stability, ease of use and
efficacy of the application.

1.4 How to Read this Thesis

The research described in this thesis is part of a broader project outlined in

Section 1.3 that covers the following two project themes:

1. The implementation of the stand-alone VR application for conceptual modelling

in architecture.

2. The development of its collaborative architecture.

These themes are described in detail in two separate but coupled theses, this

and its companion thesis (Conti, 2002).

More specifically this thesis addresses issues related to communication and
collaboration activities in architectural practice and it outlines the most important
phases of the development of the collaborative architecture of JCAD-VR. The
companion thesis (Conti, 2002) highlights theory on user-interfaces in VR
environments and it describes the methodology followed to implement the stand-
alone Virtual Reality application, called JCAD-VR, specifically designed for the
early stages of architectural design.



Each thesis can be read separately, since each one covers different aspects of
Virtual Reality applications, or read together as part of a broader project. It 1s

nevertheless highly recommendable to read them together in order to gain a

comprehensive view of the whole project.

Both theses are structured symmetrically (See Figure 1.4), with four shared

chapters.
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Figure 1.4: The symmetrical structure of the two theses with the shared

chapters placed at the centre of the structure

The Chapters number one, four, seven and eight are common and therefore
they are included in both theses, since they refer to the general topics that were

shared by the two theses. Specifically:
e Chapter One provides the overall introduction to the project

e Chapter Four describes the general structure of the framework and of the JCAD-
VR prototype
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o Chapter Seven highlights the exercises set up for the testing phase of the
prototype

e Chapter Eight draws the conclusions and proposes further developments.

However, Chapters number two, three, five and six are specific to this thesis

- and they describe in detail issues and methodologies relevant to the individual work.

1.5 Outline of the Thesis

Section 1.4 clarified the symmetrical structure of the two theses covering the

whole project. This section will provide a more detailed overview of the content of

this particular thesis describing its chapters individually.

This outline to the thesis will present first a general overview of
Collaborative issues in VE and then the proposed working prototype: JCAD-VR. The

common Chapter 1 introduced the general overview of the research themes and

clarified how to view this thesis within the scenario of the whole project.

Chapter 2 then introduces an historical overview on the role of

communication within the design process. It outlines the evolution of theories and
technologies related to communication issues within the design process and it
proposes a classification of Collaborative Design solutions based on different types

of communication systems. This chapter addresses issues related to Computer

Supported Cooperative Work (CSCW) and general collaborative applications.

Chapter 3 advances towards the cutting edge-technology and focuses on the

use of VR as the ultimate medium for Collaborative Design systems. It introduces
the basic concepts of a Collaborative Virtual Environment (CVE) and it offers a

comprehensive classification of existing CVEs according to their purpose and

technical solution.

The common Chapter 4 is the start of the second, more technical part of the
thesis, and it introduces an overview of the methodology followed to develop the
project framework and the JCAD-VR prototype. It describes general technical

choices, it presents the client-server architecture of the prototype and it introduces

11



the Collaborative-based unit which is described in depth in the following two

chapters.

Chapter 5 provides a structured overview of the Collaborative-based unit: it
introduces the methodology followed to implement the collaborative architecture of
JCAD-VR, it justifies the choice of the programming language and it presents the
adopted software libraries. This chapter describes in detail the server unit and it
presents network solutions that are included in the framework, providing the reader

with a comprehensive view of the package and 1ts modules.

Chapter 6 describes in detail the implementation and technical issues of the
client network unit. All the relevant classes and software solutions are highlighted
and justified in this chapter. The client unit, with its sub sections addressing network

transfer and database handling issues, are described in depth. Technical solutions
related to the implementation of communication channels such as video-conferencing

facilities will be fully described.

The common Chapter 7 reports on the preparation and the execution of an
experiment in the actual use of the JCAD-VR prototype. The experiment offered the
opportunity to test the functionality of the software while several users were

accomplishing collaboratively a given design task.

Finally Chapter 8 concludes the thesis with the results acquired during the

simulation. It points out the research achievements and contributions, and it
highlights further developments.

1.6 Conclusions

This first chapter gave a general introduction to the aspects to be covered 1n
the rest of the thesis. It highlighted the structure of the JCAD-VR project especially,

showing how this was developed by the combined effort of our research.

As shown the coupled theses have some common chapters in order to make
them easier to read. The introductory and concluding chapters are common ones,

while the other chapters will address only the research literature relevant to their

12



aspects of the project, specific issues and different parts of the implementation of the
JCAD-VR system.

Chapter 2 will address more specific issues relative to communication and

collaboration as the means to enhance the design and decision-making process.

13




2 An  historical overview on the role of

communication within the design process

2.1 Introduction

This chapter, and Chapter 3, will form the foundation of this research and
they will present the theoretical background to the development of the JCAD-VR
system. Communication and collaboration will be highlighted according to different
perspectives: communication as a medium and communication and collaboration as a
means to enhance the decision-making and design processes. The revolution in
communication, the technology behind it with its impact on society and in work
practice, and collaboration as a new approach to design activity will be also
discussed. In particular, Section 2 will discuss the act of designing as a
communication activity and communication in relation to the practice of architecture.
Section 3 will present the phenomena of the communication era, the enhancement of
telecommunication technology and its impact on modern working practises. Section
4 will show the scientific disciplines that are the theoretical background for

collaboration and cooperation in the work environment.

2.2 Design as a Communication Activity

Technology has changed the traditional design process allowing the
realization of complex projects in a very short time. Design teams working
collaboratively are now needed to satisfy the exigency of new construction

industries. Moreover complex projects require the involvement of expertise from

different disciplines making collaboration and especially communication crucial
factors in the process (Fischer, 1999). Thé: designer does not work individually
anymore but he/she needs to share the design tasks and specific problems with
specialists from other disciplines. As Fischer (1999, p. 117) suggests “the heart of the
intelligent human performance is not the individual human mind but groups of minds

in interaction with each other and minds in interaction with tools and artefacts”.
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Due to the continue growth and expansion of human knowledge and the
increasing need to specialise (Arias et al., 2000) it has become extremely difficult for

an individual to solve all the aspects of a problem, “the Renaissance scholar no
longer exists”(Arnas et al., 2000, p. 84).

Williams and Cowdroy (2002, p. 947) have identified two main reasons for

- working collaboratively:
o Complexity of designing requires specialists from diverse disciplines

e A group’s effectiveness in achieving design solutions is greater than that of

individuals

The increasing need for communication, not only among the design team but
also with clients and contractors, is evident from the growing number of experiments
using project hubs. Several organisations are taking part in these projects such as
W.S. Atkins, the Charter Partnership, Crest Homes and British Telecom (Brown,
2001). The purpose of project hubs is to provide information bases that are useful for

all the members of the design teams in order to provide “a co-ordinated library of

managed knowledge ”(Brown, 2001, p. 129).

The use of Information Technology seems to be proving the most promising
solution to filling the communication gap that may occur during the design process.
Many of the organisations extensively involved in using IT as a graphical medium
and for information management are now leaders in the construction industry and
they are becoming centres of excellence (Brown, 2001). A price for not adapting to
this change in the design process will be paid by organisations that still retain the use

of traditional presentation media and information techniques (Brown, 2001).

As Shukur (2000, p. 116) pointes out “history shows that the methods of
information handling are so important that they can result in changing the
professional roles. [...] Architects like Brunelleschi [...] were not professional
masons. [...] They had by contemporary standard superior sketching and drawing
skills, which enabled them to record examples from other places, elaborate their own
ideas as well as visualising not only a building but an atmosphere”. The master

masons were not able to produce convincing drawings for the patron. Therefore the
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profession of architecture was taken over by new players who were mostly strangers
to construction sites and techniques (Shukur, 2000).

As durning the Renaissance, another shift is taking place and new skills are
required of the designer. Delargy (1999) anticipates that IT “is shifting to managing
project data, creating virtual teams and 3D intelligent modelling”. The senior vice-
president of the software company Bentley Systems, Etiel (Delargy, 1999)
emphasises that many companies are currently abandoning 2D drawing and they are
now moving towards using design software that allows collaborative working and 3D
object modelling. The former head of Bovis construction’s IT department, Crotty,

has announced that “current stand-alone design tools fail to contribute to project

management or cost management and make collaborative work more difficult”
(Delargy, 1999).

Three-dimensional object-based systems will become everyday tools, and
will provide “a complete interaction between design, procurement and
implementation” (Brown, 2001, p. 121). 3D packages and VR tools, allowing
collaboration within the design team, will be incomparably effective design tools.

Crotty (Delargy, 1999) predicts that in five years time collaborative networks will be

in common use and “buying a building will become as predictable as buying a car”.

Further to this Atkin et al. (1996) have investigated the use of IT during the
design process to enhance the communication between clients and designers. Their
study shows that IT 1s involved during briefing and design stages but the industry at
the moment is not taking full advantage of its potential. They conclude “much more
emphasis needs to be placed on the early stages when Clients needs are articulated

into, and interpreted into, a working design solution”(Brown, 2001, p. 39). They
clarify the benefits that IT systems could bring (Atkin et al., 1996 in Brown, 2001, p.
40) as:

e Control of design information
e Better distribution of information
¢ Quicker turn-around of information

¢ Risk management, quality of information
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e (Cost reduction

¢ Increased efficiency and competitiveness

These are all extremely important points in helping the development of a

project.

However, what is the role of communication within the architectural practise?

2.2.1 Architecture and Communication

The word communication comes from the Latin; communicare = to share, it

essentially means “sharing by participation”(Cherry, 19885, p. 86).

Cherry (1978, p. 17) states that true communication is involved when “there
is a measure of symmetry between the parties, and the messages pass to and fro.
There is a continual stimulus-response, cyclic action; remarks call up other remarks,

and the behaviour of the two individuals becomes concerted, co-operative, and

directed toward some goal”.

Concerning communication, in the field of architecture, Lawson (1990, p.
184) has pointed out that “most architects spend more time interacting with other

specialist consultants and with fellow architects than working in isolation”.

Broadbent (1988, p. 204) says that communication “is of vital importance to
the architect because, literally, he spends almost his entire working day in tasks
which in general terms may be described under the heading of communications”. A
study by Broadbent also involved the analysis of the various working activities of an
architect sampling typical architectural behaviour (1988, pp. 205-206) (See Figure
2.1). According to his analysis an architect would spend 87.9% of his/her time
communicating over various matters, making communication their most time
consuming activity. Moreover, as in all design disciplines, architects are now
involved in more technologically challenging projects where interdisciplinary

teamwork is essential. Therefore communication and information flows are key

issues in achieving quicker and more complex design solutions.
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Drawing and associated activities;

Drawing and lkettering 192%
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Colouring prints 39
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Total 334
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Referring to catalogues 1-2
Referring to drawings 19
Referring to specifications, bills of quantities . 0-6
Checking specialists’ drawings 0t
Searching for drawings 23
Scarching for other information 09
Other information away from work place 0:6
Total 7-6
Discussion and verbal communication:
Discussing with collcagues or admin. 14-3
Internal telephone 05
Consulting quantity surveyor or heating and ventilalion 17
engineer
External telephone 4-0
Discussion with contractor, client or rep. 0-7
On sitc or visiting client 83
Admin, or design session 14
Total 3t-1
Letters and written communications:
Dictating letters -0
Writing letters 1-0
Signing letters 0-3
Reading correspondence 10
Making notes 1-0
Prepaning reports, specifications, financial -1
Wriling schedules 0}
Costing work, filling in time sheets or expenses sheets 0-6
Total 63
Thinking 9-5
Total 95
Miscellancous:
Calculatin 10
Walking about 2-8
Waiting 0-4
Personal 23
Other .6
Total 121

100%
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Figure 2.1: Percentages of time spent in various activities in an architecture

office (Broadbent, 1988, p. 205)

Despite this as Kvan (1997, p. 49) points out “the concept that sharing can be

mutually beneficial 1s not innate” and people will need to make some effort to

change their working habits.

What makes communication at the early stages difficult for an architectural
design team is the natural approach of architects towards conceptual modelling.
Shukur (2000, p. 136) states that “compared with for instance structural or service
designers, the architect exercises very little initial analysis and jumps directly to
produce a solution, a synthesis, from which he carries on”. According to this
approach architects often use sketches on paper to record information and to keep

track of first ideas and solutions. Sketching is the architect’s intimate thinking
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medium, 1t 1s the predominant activity at the early phases of design and many authors
have extensively studied its role and its influence on final design solutions (Lawson,
1990; Suwa et al., 1998; Do, 2001).

About sketching activities Shukur (2000, p. 35) says: “when dealing with
complex information, the individual can utilise an ‘intimate’ medium during the
production sequence/s. Such a medium assists him in downloading information from
and to his brain and performing further processes like simulations, in a manner

without which he may be unable to handle such information complexity. The

architect’s work toward his preliminary sketch paper is an example.”

Although they are still widely in use in practice, traditional sketches are not
effective media if concept modelling has to be shared with other participants
involved in the project. Only things that can be written or drawn can be stored in a
sketchpad, limiting the range of information that can be kept in mind by the
designers. Abstraction and mental simulations have to be performed to successfully
place the design solution in its 3D world context. Much of the material that is

produced at this stage 1s not reusable and it is often undecipherable to any person

other that the designer.

Therefore the role of traditional sketches in a collaborative context is
marginal and should be substituted by more flexible and collaborative conceptual
modelling tools. This exigency has already been severely felt in other design
disciplines such as mechanical engineering, automotive engineering and industrial
design. In fact the extreme competition that pushes these industries has made firms
and companies aim to reduce the time consumed and to optimise the production

development process from the very beginning of the design process (Bylund et al.,

2002; Hansen et al., 2002; Cera et al., 2001). By the early 1990s Reimann and Huq
(1992) had already stated that American firms, due to this increasing
competitiveness, had to reconsider the way they were managing their business and
they were therefore ‘forced’ to introduce new production methods. Among the new

approaches that of concurrent engineering and Computer Supported Cooperative

Work (CSCW) emerged to enhance both production and management.
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These new collaborative approaches in design are mainly possible thanks to
technological enhancements that occurred over the last thirty years. As Cherry (1971
p. 98) states “technology has this essential nature, that it opens up new degrees of
freedom, new modes of action which, hitherto, may not have been physically,
economically or even conceptually possible. Once these new possibilities are
fealized, then new forms of organization and operation become possible for industry,

business, government and individuals”.

The following sections will explain the most innovative technological
advancements and the most significant phases in the evolution of communication in
the Information Technology age. Communication and ease of access to information

are key issues for the success of a complex project and the use of IT is proving to be

the most successful approach to satisfy these crucial needs.

2.3 The evolution of Communication during the IT era

Sumerians (3000 BC), Egyptians (2100 BC) and eventually Greeks (700 BC)
developed and adopted one of the greatest triumphs of the human mind: the alphabet.
Leading classical scholars believe (Havelock, 1982) that this conceptual fechnology
was at the base of the development of Western philosophy and of science, as it is
now known. The alphabet has allowed separation of the information of the

communication from the speaker making conceptualisation possible.

The spread of literacy happened over many centuries from then on, partially
due to the invention of the printing press and the introduction of the paper industry.

Yet it was the alphabet that was the mental infrastructure of this type of cumulative-
knowledge communication (Castells, 2000). Neill Postman (1985, p. 87) summarnses
the quality of written communication in this way: “Typography has the strongest
possible bias towards exposition: a sophisticated ability to think conceptually,
deductively and sequentially; a high valuation of reason and order; an abhorrence of
contradiction; a large capacity for detachment and objectivity; and a tolerance for

delayed response”.
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Centuries later other technological achievements were involved in improving
communication. Since the first introduction of the telegraph many other artificial
channels have been invented which are based on systems where letters and numbers
are replaced with signals. These coded communication systems needed to be learned
and people had to be trained to be able to use them efficiently. Even later systems,

using punch cards, were not found to have a user-friendly interface and they needed

some training before use.

The telephone was the system that changed this kind of attitude. It was easy
to use and accessible to ordinary people without particular training and unlike the

telegraph it did not use coding and decoding cycles. In short this form of

communication was very close to real face-to-face oral communication and people

became accustomed to it.

Later on, the advent of television was a revolution on a massive scale. Its
incredible success was clearly explained by media critic Russell‘Neuman, (1991, p.
103), who believes that TV became so popular “simply [because] people are attracted
to the path of least resistance”. Socially TV represented the abandonment of the
“typographic mind”, where written communication dominated. Its communication
modality is seductive and its ease of use 1s certainly in line with Neuman’s theory of

it requiring very little psychological effort to decode and obtain its information. TV

was a radical shift in the information broadcasting process and spread the
communication of information to the masses but it has a significant limitation in that

it is a one-way only communication. The audience is largely seen as one

homogenous entity passively recetving information from a few centres. Contrary to

this human communication is normally based on an interaction between the sender

and the receiver.

A technological transformation comparable in its effect to the invention of the
alphabet was achieved in this decade with the total merging of many communication
modes into an interactive network. The achievement crucial to this was the formation
of a meta- language, a hypertext, which was able to transmit, for the first time in
human history, all the methods that had been developed for communicating: written,

oral and audio-visual. “The potential integration of text, images, and sounds in the
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same system, interacting from multiple points, in chosen time (real or delayed) along
a global network, in conditions of open and affordable access, does fundamentally
change the character of communication. [...] Because culture 1s mediated and
enacted through communication, cultures themselves — that 1s, our historically
produced systems of beliefs and codes - become fundamentally transformed, and will

be more so over time, by the new technological system.” (Castells, 2000, p. 357).

What made the advent of the network era possible what is now known as the
“information superhighway”, was mainly the introduction of computers into our
everyday life. This was possible due to the newly successful combination of

increased power and ease of use.

A visionary paper by Christopher Evans (1971), titled "Chatting with
computers”, gave an occasion to reflect on the incredible advancements in computer
technology and the improvements in computer user interfaces in these last thirty
years. The paper addressed a crucial topic that is still interesting nowadays but was
revolutionary at the time the research was carried out: human/computer interaction.
Evans analysed the use of computers in seventies society. Computers had been in use
for more than 25 years at the time the author was writing, but they were far from
widespread and they had a very little impact on the lives of ordinary people or even
of scientists. Nowadays, technology has changed and advanced in such a way that
computers have made a major impact on ordinary life in almost every field, and they
have especially improved our methods of communicating. Evans (1971) also
analysed the reasons why computers were not then in greater use, identifying three
main issues: cost, size and language. Regarding cost, the author reported that the

average price for a reasonably good computer during the 70s was £ 250,000. Today

an entry level PC, that certainly performs better than the ones Evans was referring to,
would cost less than £ 1000.

Concerning the issue of their size, the author reports that in all the public
offices where computers were in use lack of space was an issue. Nowadays a
computer requires a normal desk at most, and laptops and palm-tops are increasingly

commonly used, which solves the space problem.
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The learning curve involved in their use is not as steep as it used to be. The
training period is reducing thanks to the implementation of more natural and human-
friendly interfaces. Awkward and complicated machine language has been hidden

behind icons and human language dialogs, making the use of computers possible
even for children. The measure of this achievement can be felt when reading Evans
6197 1, p. 68) commenting on computer interfaces ” One gets the impression that
before one can make really good use of the computer - or even use it at all - one has
got to have a special mathematical ability, some marvellous gift, or have been given
a complicated course in programming. [...] People feel: < How can I possibly find the

time to learn about computers - and even if I can find the time, am I capable of

learning how to use them? >”. Nowadays people have realised that being able to use

computers is not a matter of being gifted, it simply takes a little time.

It 1s clear that something changed in the 1970 and it 1s still affecting our
society. On this change Castells (2000, p. 7) says that “while technology per se does
not determine historical evolution and social change, technology (or the lack of it)
embodies the capacity of societies to transform themselves, as well as the uses to

which societies, always in a conflictive process, decide to put their technological

potential.”

Looking at the broader picture, without the development of computer

networks, large firms could never have built that complex web of strategic alliances,
subcontracting agreements and decentralized decision-making processes that are now
at the base of the growth of productivity. The result is the increasing need for
software that helps users interact with computers in a more flexible and practical
manner. From this prospective it is clear why the software industry is one of the most
dynamic segments of the market, and why “the information-producing activity [...]
is likely to shape processes of production and management in the future.”(Castells,

2000, p. 185). Networking has now gained a crucial role in achieving organizational

flexibility and business performance.

Bar and Borrus (1993) have shown that the exceptional increase in
information networking technology in the 90s was mainly due to three factors: the

digitisation of telecommunications, the development of broadband transmission and
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a significant improvement in the performance of the computer- network system,
which was mainly due to the development of suitable software and the micro-

electronic industry.

The growth of network capability was possible due to the development of the
telecommunication industry durning the 70s and to synergic improvements in
microelectronics. The revolution in telecommunication was mainly due to the
introduction to the networks of electronic switches, routers and transmission
technologies. ESS-1 was the first electronic switch industrially produced by Bell

Labs in 1969. Less than 10 years later digital switches were introduced enhancing
speed, power and flexibility, while at the same time being less energy and space

consuming (Castells, 2000).

Opto-electronics (fiber optics and laser transmission) and digital packet
transmission technology enhanced dramatically the capacity of the transmission
lines. The new infegrated broadband networks (IBNs) are now much more powerful
than the previously revolutionary 1980s infegrated services digital networks (ISDNs)
(Lucent Technologies, 2002). These surprising improvements in telecommunication
and the convergence of these electronic technologies into computer-mediated
communications (CMC) together with the introduction of a transmission control
protocol/interconnection protocol (TCP/IP), formed the basis for the development of
the global, horizontal communication network called the Internet, which Castells

considers is “ the most revolutionary technological medium of the Information Age”
(Castells, 2000, p. 45).

2.3.1 The Internet and its Development

The Internet originated in the 60s from a US Defense Department Advanced
Research Projects Agency (DARPA) scheme to prevent the destruction or control of

the American communication networks in case of a nuclear war or invasion by
USSR. Paul Baran at the Rand Corporation, J.C.R. Licklider at MIT and Donald
Davies and Roger Scantlebury at NPL working in parallel, conceived the underlying
idea (Leiner et al., 2000). Baran (1964) officially presented his network framework at
DARPA in 1964. The research aimed at the development of a network architecture
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that was based on non-centralized communication technology using packet-data
control which could link thousands of computers attached to autonomous networks
independent from control centers. The first system developed by DARPA was called
ARPANET (See Figure 2.2) and by the end of 1969 it linked only four institutions:

the universities of Utah and California, in Los Angeles and Santa Barbara, and the
Stanford Research Institute (Leiner et al., 2000).
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Figure 2.2: ARPANET Topology (image courtesy of Computer History
Museum) (Computer History Museum, 2002)

The system was then opened up to involve research centers cooperating with
DARPA and to scientists of many disciplines started to use it for all sort of purposes,

from scientific communications to personal exchanges. In 1983 the original system
was divided in two, ARPANET for scientific purposes and MILNET for military
applications. At the same time the National Science Foundation was involved in the
creation of another network for scientific research, called CSNET and together with
IBM released BITNET to the wider public. The control of the whole system was still
the responsibility of the Department of Defence and of the National Science
Foundation, since these networks originated from the initial ARPANET system. The
total system including all the networks was firstly called the ARPA-INTERNET, and
then the INTERNET. After 20 years of service the ARPANET system became

technologically obsolete and it was suspended on February 28, 1990. From then until
April 1995, NSFNET of the National Science Foundation took over using
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ARPANET as the backbone of the Internet until it was finally privatised and control

by any government authority was suspended (Castells, 2000).

Many institutions were informally involved in the task of coordinating the
relevant technological issues until Cerf announced the creation of what 1s now the
Internet Society during the INET'91, the annual international meeting of CSNET
participants in June 1991 (Rutkowski, 1991).

N DARPA DCA | = DARPA DCA NSF | 38 FNC/CCIRNCOMM'L

1968 1996
Fa A A
ARPANET ARPANET Transition |nternet Society Founded
Demonstrated To TCP/IP A
A A A Mafn)é Thoue;lands A
- thing
TCP/IP ARPANET NSI - net of tvery ,
| nvented Wi dely Used B Initiated A World Wide Web
a Mul ti - Protocol
First M LNEE"?iRtPANET Environment
Gateway P

Operational
Networks
On Internet

60 300 °>00 900 19,000 50,000

Figure 2.3: Timeline of the Internet (Internet Society, 2002)

The Internet 1s now a mature and reliable network system but many
improvements have been required to achieve this state. In the beginning transmission
at a global scale was impossible due to the lack of a common communication
protocol between the different networks around the world. In 1978 Cerf, Postel and
Cohen split the communication protocol into two parts: the Transmission Control
Protocol (TCP) and the Internet Protocol (IP). In 1980 the resulting protocol, TCP/IP

became the standard computer communication protocol for the United States. With
some adaptation to European networks, the TCP/IP protocol won the battle to

become the international standard protocol for computer communication (Castells.

2000).
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One of the first significant applications of the Internet was in allowing e-mail
communication between network users. This was achieved by Ray Tomlinson at
BBN, who was recently honoured by the International Academy of Digital Arts and
Sciences earning the organization's ever Lifetime Achievement Award. It 1s now the

most widespread computer communication first application in the world (Marchand,
2001).

In the 1960s, parallel to the development of the Internet by American
authorities and research centers, have emerged a community of individual scientists

and students who believed in the creation of publicly accessible network, free from
constraints. The development of the modem originated from this community that was
originally labelled “hackers” before the term acquired a negative connotation. In fact

it was two students in Chicago who first invented the modem for PCs in 1978: Ward

Christensen and Randy Suess. Christensen and Suess developed a way to transmit
their data over the phone in order to avoid meeting each other during the winter. In
1979 they released with no charge their technology believing in the need for free

access to technology and the maximum spread of communication capabilities. In the

same year three other students at Duke University and the University of North
Carolina, which were not included in the ARPANET network, modified the UNIX

protocol to allow themselves computer communication over the phone. This then

originated the on-line discussion system called Usenet which is one of the most

popular conversation forums in the world today (Castells, 2000).

While in the late 1980s many companies and some millions of computer

users were still communicating through alternative commercial networks without

using Internet compatible protocols, by the 1990s most of them had finally adopted
the TCP/IP making the Internet grow even further (Castells, 2000).

Until 1990 the Internet was still a relatively clumsy tool but the arrival of a
new technology: the World Wide Web changed it completely. The new system
(Gribble, 2001) allowed the organization of Internet sites by content rather than
by location, changing the Internet into the powerful tool that we know today. The
World Wide Web was invented in 1990 by the research group of Tim Berners-Lee
and Robert Cailliau at the Centre Européen pour Recherce Nucleaire (CERN) in
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Geneva. The same research team was responsible for the creation of a format for
hypertext documents, called HyperText Markup Language (HTML). In their research
they elaborated on the vision of Ted Nelson (Wedeles, 1966) who was active within
the hacker culture of the 1970s. Nelson developed a new way to organize
information within the Internet, hypertext, which was based on the idea of linking
information in a horizontal fashion instead of vertically. A HyperText Transfer
Protocol (HTTP) was also set up to ease communication between browsers and

servers, and a standard address format, called the Uniform Resource Locator (URL)
was implemented (Gribble, 2001).
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Figure 2.4: Berners-Lee's diagram describing 'hypertext', 1989 (image courtesy

of Computer History Museum) (Computer History Museum, 2002a)

In 1993, Marc Andreessen, who was then an mdergréduate at the University
of Illinois at Urbana-Champaigne, became involved in a project for the National
Center for Supercomputing Applications (NCSA), and developed the first web
browser for PC’s called Mosaic. Mosaic was a graphical user interface software for
browsing the web. It became immediately popular due to its ease of use especially

among non computer experts. In March 1994 Andreessen left NCSA and together

with Jim Clark, who had created Silicon Graphics Inc. with great success, he formed
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a company later known as the Netscape Communication Corporation (Gribble,
2001).

New programming languages, such as Java™ (of 1995), and Jini™ network
technology (designed by Bill Joy at Sun Microsystems, Inc. in 1999) were to enrich

‘the web even further, making the Internet a global communication network with over

300 million of users by the year 2000 - a total which is still growing fast (Castells,
2000).

2.3.2 The Internet Revolution in Communication

The Internet network evolved dramatically from its original purpose into a
communication system that 1s suitable for any purpose by any individual or group on
a global scale. On the Internet anyone can be an information provider or an
information consumer. It 1s now accessible in almost every location thanks to the

spread of the wireless technology.

Networked computer interactions are rapidly evolving from acting as mere
linkages between computers to increasingly allow sophisticated cooperative systems,
regardless of the geographical location of the partners involved. This has brought a
new paradigm of interaction and work with computers that is gradually leading us to
another social revolution. As Castells (2006, p. 394) says: “Multimedia, as the new
system was hastily labelled, extends the realm of electronic communication into the

whole domain of hfe, from home to work, from schools to hospitals, from

entertainment to travel.”

From a mass society, which was dominated by TV, we are evolving to a
“segmented society” (Ito, 1991) where the audience is becoming more selective in
choosing the information 1t want to access and is getting more accustomed to having

an individual relationship between the sender and receiver.

Electronic mail, virtual forums, electronic journals, the World Wide Web,
bulletin boards, chat lines and now collaborative working, offer great advantages if
compared with traditional methods of storing and transferring information. In most
cases they allow communication exchanges not provided by the traditional media and

“the most important difference is [...] immediacy” (Feather, 1998, p. 108). E-mails
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and chat lines are virtually instantaneous and they are more and more frequently used

as new means of personal communication that is an alternative to telephone calls.

The ease of their communication 1s even leading us to a new written style,
since e-mails and chat lines stimulate informal, spontaneous and anonymous
interpersonal communication (Suler, 2002). Electronic discussion groups allow
active participation in rather than passive reception of information. The World Wide
Web assures widespread, unlimited and uncharged access to information.
Collaborative work enhances interaction and sharing of tasks between users. Virtual
Communities of every sort are proliferating on the Web taking full advantage of both
the fast dissemination of information typical of mass media and the effectiveness and
pervasiveness of personal communication. Moreover computer mediated
communication can integrate many forms of expression including written and audio-
visual, and it enhances the communication by allowing diversification, multimodality

and versatility (Castells, 2000).

In 1994 two surveys on multimedia were published in United States. They
provided information about the social acceptance of these new communication media
while highlighting some very similar findings. Lou Harris (Brook et al. in Besser,
1998) found that 63% of the people he surveyed were interested in using TV or PCs
to receive mostly useful information on services, business, health-care and charities
etc. Within this group three-quarters of the people were interested in receiving
customized news reports and asked for some form of interactive communication.
40% of those interviewed however were more interested in movies-on-demand,

interactive shopping and entertainment.

Charles Piller (1994) carmmed out the second survey commissioned by

MacWorld. He discovered that consumers desired to use the emerging networks
largely for ”on demand access to reference materials; educational courses or how-to
programs that allow interaction with a class or instructor (distance learning);
interactive reports on local schools; and access to information about government
services and training”. Both surveys showed the interest of people in accessing
information that was not easily achievable in the past and also that personal

communication facilities were desirable.
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These radical technological innovations have even led to a new working

paradigm that, as Dutton (2001, p. 128) states, “requires major social and

organisational change”.

At an individual level, the customers of commercial online systems and the
Internet, which is now growing by an estimated 100,000 or more users per month,
have demonstrated that they form a large market for online communication and
interactive information services, as well as showing great interest in all types of
educational resources. (Piller, 1994). Castells (2000, p. 393) observed that “people
shape technology to fit it to their own need”. Nowadays society needs
communication capabilities and access to information at levels justifying the
popularity of the Internet and this is the reason why it has overtaken all the other
media in terms of penetration rate. In the U.S.A. it took 30 years for radio to reach 60

million users, 15 years for TV but only 3 years for the Internet after the introduction
of the WWW (Castells, 2000).

2.4 The Collaborative Design Approach

Several authors (Bodker et al., 1988; Fischer, 1999; Arias et al., 2000) refer
to Collaborative Design or Cooperative Design as research that analyses and
investigates the possible communication and interaction between design practitioners
and design end-users by means of computer-based collaborative systems. In this
thesis the term Collaborative Design or Design Collaboration (Geisler et al., 2000),
will be used to refer to the scientific field that investigates feasibility and provides
support for the implementation of systems for remote collaboration between
designers (Kvan, 1997, Laiserin, 2000a). Geisler et al. (2000) state that in design
collaboration “members of project team go beyond the simple coordination of still

individualistic work to engage in joint activity aimed at the co-construction of

collective work products”.

From universities to architectural, engineering and software firms the interest
in this innovative design method is growing. This is mainly due to the advance of

Internet technology and the telecommunication infrastructure that support it. Most
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research on the topic has taken advantage of extensive work already done in the field

of Computer-Supported Cooperative Work (CSCW) (Kvan, 1997).

In 1984 Paul Cashman and Irene Grief coined the term Computer-Supported
Cooperative Work during a workshop of specialists from various disciplines who
were all interested in the dynamics of group work (Grudin, 1994). Pfeifer et al.
(1995), in an attempt to define CSCW, states that it is the scientific discipline that
“looks at the way people interact and collaborate with each other, and attempts to
develop guidelines for developing technology to assist in the communication
process’. Poltrock et al. (1994, p. 355) define CSCW as “a broad designation that
focuses on work - the tasks that people carry out, their workspaces, and technology
that does or could provide support”. Grudin (1994) observed that CSCW started as
the efforts of technologists to establish closer contact with experts in other
disciplines such as economists, psychologists, anthropologists, organizational
theorists and educators to help their research. The development of these technical
systems, whose theoretical background is provided by CSCW, is addressed by
groupware applications (Pfeifer et al., 1995). Groupware is the hardware and
software that supports and augments group work (Pfeifer et al., 1995) or, as Poltroch

et al. (1994, p. 355) defined 1t “software designed with groups in mind”.

Desktop conferencing and video conferencing systems, collaborative
authorship applications, e-mails, electronic meeting forums, collaborative
applications in Computer-Aided Design (CAD), workflow management, concurrent
engineering, distance learning and telemedicine are all specific areas of CSCW

(Grudin, 1994), and subsequently Collaborative Virtual Environments (CVE) could
be added to this list.

As discussed earlier in the chapter building construction is one of the most
collaborative activities. Unfortunately so far the AEC industry has not taken
advantage of the support that this technology can provide in enhancing
communication (Laiserin, 2000a). Laiserin (1999b) suggests that this delay by the
AEC sector is due to its intrinsic characteristics and its fragmented nature, with

thousands of participants involved in the process. Laiserin (2000a) criticises that

32



“even the Internet, the much-heralded “mother of all collaborative environments” has
been deployed in AEC to little more effect than “automating” FedEx out of the
document-distribution chain”. Similarly the “Web” has been used until now

primarily as a passive display medium for 2D images. According to John Macomber,

founder of Boston-based Collaborative Structures, Inc. (www,constructures.com)

“the technology 1s ahead of most firms’ ability to digest it” (Laiserin, 1999a).

During A/E/C SYSTEMS’99 in Los Angeles, the conference Director Brad
Holtz coordinated with AEC firms and vendors to present a series of real-time
project-communication demostrations (Laiserin, 1999b). According to Holtz this
initiative, called the “Day in the Life” project clarified that there was a general

demand for communication software from AEC practitioners (Laiserin, 1999b) in:

e Simple, proven technologies
o Affordable, off-the-shelf tools

e Web-centred project information and messaging

e Information received via each participant’s preferred medium (for example

emall or fax)

e Real-time collaboration via whiteboarding and videoconferencing
e Team-working in parallel, rather than sequentially

Kenneth H. Stowe, Director of Project Services at Macomber, investigated
the possibility of developing this new generation of goﬁware, and eventually
integrated CAD tools that could introduce interoperability to the system through the
Internet (Laiserin, 2000a). Stowe also created a model of the existing AEC design
collaboration process in order to quantify the potential beneficial impact on cost and

schedule that might occur when wusing alternative scenarios of improved
communication (Laiserin, 2000a). On this research Stowe was working in association
with researchers of the Stanford University Center for Integrated Facility
Engineering (CIFE), and they developed a “project-strategy optimisation” tool called
Vite Project (Laiserin, 2000a). The Vite model can evaluate more than 70 activities
and the relationships between these activities within the design process (Laiserin,

2000a). The results of Stowe’s pilot project indicated that about 20% of project time
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and 1ts relative cost could be saved by using Web-based collaboration. The system
should allow the project participants to share the use of an integrated 3D model from

the earliest stages of the design. Collaborative design can then be an efficient way to

optimise and enhance the design process.

[n the next section the historical evolution of CSCW and groupware will be

given with examples of possible means of collaboration the effect of time and

location on them.

2.4.1 Evolution of Computer Supported Cooperative Work and

Groupware

In Figure 2.5 1s shown Grudin’s (1994) summary of the research areas and

the development context for CSCW and groupware, and their evolution.
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Figure 2.5: U.S. research and development contexts for CSCW and groupware
(Grudin, 1994, p. 20)

The outer circle represents the introduction in the 1960s of Data Processing
(DP), management information systems (MIS), information systems (IS) and

information technology (IT). IS was primarily focused on organizational support and
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partly on the management of large projects, and this showed the beginning of interest
in studyi_ng work organization and the division of labour (Grudin, 1994). In the 1970s
Software Engineering (SE) and Office Automation (OA) (now called “workflow™)
emerged, offering computer support for large groups and projects (Grudin, 1994).
Group Decision Support Systems (GDSS) included all the technologies that

- contnibute to decision-making, such as electronic mail and other common

applications (Grudin, 1994).

The third circle represents the introduction of CSCW, during the first
workshop in 1985. This was followed, in 1986, by the ACM conference on
computer-supported cooperative work in Austin, Texas. The inner circle refers to

individual applications and advances in Computer Human Interaction (CHI) (Grudin,
1994).
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Figure 2.6: A 3x3 map of groupware options (Grudin, 1994, p. 24)

In Figure 2.6 several types of groupware are listed together with attributes of
CSCW systems (Grudin, 1994). The activities are divided in a 3x3 matrix, according

to the Time when the collaborative activity is carried out (X-axis) and the Place of

the collaboration (Y-axis). In the diagram’s left hand column are placed the activities
that can be carried out in real time. In the middle column are those that can be carned
out at different but predictable times, such as in the example of the limited time delay

that normally occurs to reply to e-mails. In the right hand column are placed the
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activities that are carried out at different and unpredictable times, such as open-ended
collaborative projects (Grudin, 1994). The same type of categorisation occurs for the

place where the collaborative activities are carried out (Y-axis).

Nickerson (1997) then analysed various communication possibilities and
expanded the previous categories of Figure 2.6, developing a list of collaborative

computing applications according to time, space and mode (See Table 2.1).

e |- =

X
Document DataBeam
conferencing e
Electronic Silicon IS
Electronic meeting Ventana
support GroupSystems
Group calendaring Campbell
and scheduling Services OnTime
X X X
Workflow FileNet
management X . < Visual WorkFlo

Table 2.1: Summary of collaborative applications (Nickerson, 1997)

Communication 1s divided into three parts (Nickerson, 1997):

e Temporal Dimension: synchronous, which means that activities are carried

out at the same time by the participants; or asynchronous, meaning activities

are carried out at different times.
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e Spatial Dimension: proximal, which means that the group members are

working in the same place; or distal, meaning group members working in

different places.

¢ Modal Dimension: audio, through which a person’s voice or other sounds
are communicated; visual, through which the sight of real objects or people
are communicated; documents or data in general, through which text,

numbers, graphs, or other written information is communicated.

Nickerson’s (1997) taxonomy also provides, as well as the communication
types, a comprehensive list of the collaborative software that was available in 1997.
Some of these packages are still on the market today, such as IBM Lotus Notes.
Laiserin (2000c) refers to Lotus Notes as “the first commercially viable system to
“think” outside the “personal” box of personal computing”. At the beginning of the
1990s some authors based their research on it (Orlikowski, 1992). Lotus Notes has

now been listed as one of the ten most important products of the decade by both

Information Week and Network Computing (www.lotus.com, Wittmann, 2000).

Lotus Notes and similar applications are general-purpose communication
tools. However several authors and research teams are trying to develop customised
software to respond to a more specialised demand. This is the case in Compadres
(Johnson, 2000a and 2000b) developed at the Design Machine Group, of the

University of Washington in Seattle. The Compadres workgroup system was
developed to address the need for a shared group workspace and it attempts to

virtually reconstruct the same conditions as working in an actual architectural studio.

It provides a passive presence monitor, the opportunity to share and review work-in-

progress and several means of communication such as messages (Johnson, 2000a and
2000Db).

Reinhard Goethert, Principal Research Associate at the School of

Architecture and Planning at MIT carried out an example of the use of groupware for
distal communication in urban planning in 1998. Goethert led a project funded by the
World Bank that aimed to use community action planning to create master plans for
several cities in Mozambique. The project was run at a distance making use of video-

conferencing facilities. A series of virtual meetings were held between MIT and
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Mozambique, to focus on current aspects of the planning practice in the African
country. The success of the project led to proposals for other experiments including
the use of distance leaming techniques to give support to planners working in remote
areas, video-conferencing meetings to provide suggestions and advice to

practitioners and opportunity for easy access to information (Plan Newsletter, 1998).

Apart from these examples and the work of some researchers and university
teams in the application of groupware in an architectural context (Christiansson,
1999; Christiansson, 2000; Modin, 1995; Jun et al., 1997; Qun et al., 2000;
Hirschberg et al., 2000; Shakarchi, 2000; Tuzmen, 2000), AEC firms are still failing
to take full advantage of Computer Mediated Communication (CMC) technology in
their everyday work. Walter Hainsfurther, principal of Kurtz Associates in Des
Plaines, and the 1999 chair of AIA’s Advisory Group on Computer-Aided Practice,
says: “architects want a suite of tools that is preconfigurated and easy to use. They
want to manage their computing costs-hardware, software and staff-more effectively,
and they want collaborative environments that help them offer more and better

services. Ultimately, designers want tools that help their clients make better
decisions” (Laiserin, 1999a). Laiserin (1999a) proposed an ideal set of features for
the CAD package of the future. He combined all the exigencies that are shown by the
AEC industry 1n a software package that would feature:

o Low cost and ease of use

e Easy 2D drawing output

e Navigable documents

e Intuitive solid modelling, seamless 2D/3D integration
¢ Broad-base standards support

e Intelligent, parametric, interoperable objects

e Lightning speed

e Integrated 3D input/output

e Photo realism

o Every available mode of flyby, drive-through and walkabout

38



e Universal communication capability over any type of wire or ether currently

known.

AEC firms, due to the increasing pressure for attaining quality and the
shortening of the time allowed for project development, will have to investigate
several means of communication to enhance the relevant design processes. The
| sharing of information in these firms does not only involve the public domain of the
Internet but also extends to IP networks within and between enterprises (Laisern,
1999b). The term Intranet, coined in 1994 by the software analyst Steve Telleen
(Telleen, 1995), means an IP network accessible only by authorized people, for
example the employees of one firm. Booz Allen and Hamilton Inc., a major
management-consulting firm, has used Intranet technology since 1995 to provide its

6000 employees with access to information and documents supplied by 80 offices
around the world (Dutton, 2001).

The theory of the extranet was developed in 1996 by the inventor of Ethernet
Bob Metcalfe (Kirsner, 1998). It is an intranet that has been opened to selected
external businesses, firms and clients, through a secure IP connection (Laiserin,
1999b). Because these sites can be hosted by Web-servers within the firms, in AEC
contexts they are now referred to as project-specific Web sites, project Webs or more
commonly as project collaboration networks (PCNs) (Laiserin, 1999¢). Within a
PCN clients can browse documents and view CAD files on-line without being
obliged to install a suitable CAD package on their computers (Laiserin, 1999c). Most
PCNs include memos, notices and message features and they also have pan and
zoom tools to help to navigate documents. Leading firms such as Bechtel (www.
bechtel.com), Zimmer Gunsul Frasca (www.zgf.com), Parsons Brinckerhoff
(www.pbworld.com) began developing communication tools in order to explore the

impact of more efficient communication on the design process (Laiserin, 1999b).

Lawrence Rocha, chief information officer of Wimberly Allison Tong & Goo,
predicts that PCNs “are paving the way for centralized building-data models. This
technology provides a foundation, a single place, where intelligent building data can
exist and evolve along with the project. Over the next couple of years every sizable
project will require data-centric project sites that allow design teams to collaborate

more effectively” (Laiserin, 1999¢).
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Nevertheless these PCN services require a certain degree of conscious effort
to upload and publish all the documents that are in progress to the Web, making the
consistency of information on these systems an important issue. To solve this
problem the general approach is to integrate and link the software used for design
generation, such as CAD packages, with software that allows the sharning of drawings
and documentation among all the participants in the process (Laiserin, 1999c).
According to Laiserin (2000b) in manufacturing design the use of collaborative
environments, evolved from model-based tools, CAD packages or developed by
CAD tools makers, is already well established. This approach has a 3D model as the
focus of the collaboration, and the communication tools are integrated in software
that is already a familiar interface for the users. 3D models can be shared over the
Web allowing the participants to interact in real-time and concurrently with other
designers and with the model. Examples of these packages are IronCAD
(www.ironcad.com), Alventive (www.alventive.com), Alibre (www.alibre.com) and
Cooperative ARCADE, developed at the Fraunhofer Center for Research in
Computer Graphics, Inc. In AEC the software for collaboration did not evolve from
existing CAD packages but was mostly originated by management consultants
(Laiserin, 2000b). The result is that AEC designers still communicate via a
discontinuous and asynchronous exchange of 2D drawings which makes the
collaboration time consuming and less effective than it could be. For Laiserin
(2000b) the real success of design collaboration in AEC is dependent on the decision
of CAD vendors to make their 3D modelling tools compatible with Web-
collaboration. “When designers can collaborate with the rest of the project team
while staying within their familiar design interface [...] then AEC design

collaboration will follow the success of mechanical and manufacturing design
collaboration”(Laiserin, 2000D).

According to Laiserin (1999a) the next step in collaborative design will
involve yet more challenging technology. Don Weinreich, senior associate at Polshek
Partnership Architects LLP of New York, complains that the tools available at the
moment “deliver only 20 percent of what we’d like to have” and he argues that “we

necd to get rid of the keyboard and the mouse, and we need much larger displays
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with much finer resolution if computers are to become as natural for architects as

pencil and paper” (Laiserin, 1999a).

One possible approach to address these emerging needs in the design and
AEC industries could be the use of virtual reality tools and devices which are now
also able to secure collaboration and concurrent presence over the Internet.
~ Collaborative Virtual Environments (CVEs) are, at the moment, the ultimate tools to

simulate, visualise and interact in 3D shared environments.

2.5 Conclusions

This chapter highlighted various aspects of communication and collaboration
activities and their role in modemn working practices. The Internet and the increasing
growth of network capabilities have brought a great change to the work environment
and its management. Advances in technology have led to a new working paradigm
where teams are geographically dispersed and activities and information are shared
over the net. The AEC industry is starting to experiment with these new challenging
possibilities in order to enhance quality and shorten the time needed for the
realization of the final design product. Several firms and institutions have developed
collaborative systems for concurrent design, collaboration and exchange of
information. Unfortunately it has been difficult to establish a common working
practice resulting in a very fragmented use of these new collaborative applications.
Architects complain of the inadequacy of most of the software available at the
moment, as being mainly focused on document management rather than on 3D

modelling, but they look with growing interest at the future possibility of employing

the new technologies and visualization devices to fill this gap.

The next chapter will be highlighting the use of Collaborative Virtual

Environments (CVEs) as a new means of collaboration and some examples of CVEs

systems will be presented.
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3 The use of VR in Collaborative Design

3.1 Introduction

The last chaptei‘ highlighted‘ the importance of communication, information
sharing and collaboration in design activity and especially in the architectural
practise. The latest achievements in CSCW systems, concurrent engineering and
distributed working systems have enhanced productivity, the exchange of
information and work dynamics. As the scale of the project increases the sharing of

the workload becomes even more crucial especially when remoie parties are

involved.

This chapter moves towards the development of collaborative systems and
related technology and it will focus on the use of Virtual Reality (VR) as the new
means of collaboration. The features of Collaborative Virtual Environments (CVEs)

are outlined and there will be an overview of CVEs systems, from the earliest to the

most recent Collaborative Virtual Design Environment (CVDE).

3.2 Virtual Reality Technology

Nowadays computers are opening up possibilities that were unimaginable in
the past and this revolution 1s changing the way we relate, communicate and possibly

work, with others.

Authors in the 1980s felt the excitement that exploring these new frontiers

offered. One of these was William Gibson and with his book Neuromancer (1989) he
is considered by many to be the father of Cyberpunk, which is not only a body of

literature but also a popular cultural movement.

The cyber aspect of cyberpunk stories is usually the existence of a system that
dominates the lives of the ordinary people involved. These systems are promoted by
several technologies and particularly by information technology. Often the
technological system extends to involving human components and humans

themselves become part of "the Machine" (Schneider, 1996).
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From the revolutionary Cyberpunk movement, William Gibson coined the
term cyberspace meaning an “information-space loaded with visual cues and
navigable with brain-computer interfaces called cyberspace decks* (source The Free

On-line Dictionary of Computing www.Dictionary.com, key entry: cyberspace).

The author of the Autodesk Cyberspace Project, Randy Walser, proposed
~ another definition: “Cyberspace is the medium that gives people the feeling they

have been transported, bodily, from the ordinary physical world to worlds purely of
imagination” (Walser, 1992 in Kramarae, 19935, p. 38).

Some authors use the terms Cyberspace and Virtual Reality as synonymous
although Cyberspace usually refers to the global network of computer-mediated-

communications (CMCs) where graphic worlds and inter-relationships coexist in the

same imaginary space (Kramarae, 19935).

Virtual Reality allows the interaction with virtual worlds that Dagit (1993, p.
513) defines as “multidimensional, interactive, computer-generated environments,
which enable people to act in and upon a space with varying degrees of real-time
interaction, as they would in the real world. These systems allow the user to enter a
highly effective information environment, which heightens data awareness and

understanding, and thus leads to enhanced productivity.”

France was one of the first countries where interest was shown in Virtual

Reality (Burdea et al., 1994). The first major international conference on the topic,

drew hundreds of papers, was organized in Montpellier in March 1992, and had the
title Interfaces for real and virtual worlds (Burdea et al., 1994).

Another major event followed in San Diego, where the first conference on
Medicine Meets Virtual Reality was organized (Burdea et al., 1994). The conference
was the occasion for 180 doctors and 60 scientists to meet and discuss the potential
applications of Virtual Reality in medicine. After these conferences the first

scientific journals were published and the first books on the topic appeared
(Aukstankalnis et al., 1992; Pimentel et al., 1993).

The turning point for the development of Virtual Reality technology was the
involvement of the world’s largest professional society, The Institute of Electrical

and Electronics Engineers (IEEE), which organized its first conference on VR 1n
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Seattle 1n September 1993 (Burdea et al.,, 1994). VR was then included in the
mainstream of scientific research and it is now one of the most challenging topics of

the engineering community (Burdea et al., 1994).

In 1992, which was the same year of the first international con{erence on VR
technology, the Electronic Visualization Laboratory (EVL) of the University of
[llino1s, Chicago, presented an immersive projection system called CAVE (CAVE
Automatic Virtual Environment) (Cruz-Neira et al.,, 1993) at SIGGRAPH’92, the

Annual International Conference on Computer Graphics and Interactive Techniques.

The introduction of this revolutionary system was a turning point for the
technology due to the amazing improvement of the sense of presence experienced by
the user. Thanks to the highly immersive displays, the high resolution of the images
and the least physically awkward hardware and equipment available at that moment,

no system could compete with the CAVE in effectiveness and feasibility for

commercial applications (Dagit, 1993).

In fact, before the introduction of the CAVE, most of the VR systems
available were based on Head Mounted Displays (HMDs) for stereovision and they
used gloves to interact with the environment (Dagit, 1993). Despite this experiment
in exploring the new frontiers that VR was opening up it was hard to use the
equipment due to the high degree of physical discomfort due to the HMD and this
affected practically the exploitation and commercial use of the technology.
Furthermore most of the systems available had very poor resolution and did not
allow multi-user capabilities (Dagit, 1993). The layout of the CAVE however
permitted several users on the system concurrently and this innovation was of

dramatic importance for the commercial application of the technology (Dagit, 1993).

Today VR 1is a broad field with a multitude of companies and research bodies

actively involved in developing, producing and studying software, hardware and

theory for VR technology.

VR is a way to experience worlds that are not necessarily real or matenal.
Therefore it gives the user the freedom to simulate and eventually build up

knowledge and skills that would otherwise be too dangerous, too expensive or simply



impossible for human beings to achieve. VR enhances users’ simulation capability
by providing (Dagit, 1993):

Immersion: Users perceive themselves to be completely surrounded by the

information environment.

Presence: The participant actually has the sensation of being in the environment.
The Virtual Environment (VE) is a place on its own, with different charactenstics
compared to an ordinary environment. Real world constraints can either be easily
simulated, i.e. gravity or collision detection, or removed to provide impossible

experiences to the users, i.e. flying or viewing microscopic particles as if they

were of a size comparable with human beings.

Interactivity: This is surely the most important feature that VR gives its users.

The environment involves the participant through the real time feedback which

follows each user’s actions.

Autonomy: Participants are neither constrained in paths or views preset by others

but they have the freedom and autonomy to explore every part of the

environment.

Collaboration: Multiple users are able to take part and they can interact in the
very same VE. These systems are now referred to as Collaborative Virtual
Environments (CVEs). Different levels of collaboration are available in CVEs,

depending on the systems adopted, but the most common manner of

collaboration 1s users co-existing in the same VE.

The collaborative dimension of virtual worlds is a fast growing research area

and it is the main topic of this thesis. Momingstar et al. (1990) consider this aspect so

important that they state that “at the core of our vision is the idea that cyberspace 1s

necessarily a multiple-participant environment”.

The next sections will describe in detail what a Collaborative Virtual

Environment is and will present several types of CVEs with a vaniety of purposes.
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3.3 Collaborative Virtual Environments

Snowdon et al., (2001) observe that books such as Neuromancer (Gibson,
1989) describe the Collaborative Virtual Environment (CVE) as “distnibuted virtual
reality systems that offer graphically realized, potentially infinite, digital landscapes.
- Within these landscapes, individuals can share information through interaction with
each other and through individual and collaborative interaction with data

representation” (Snowdon et al., 2001, p. 4).

The authors (Snowdon et al., 2001, p. 4) consider this definition too
restrictive and they suggest that “a CVE is a computer-based, distributed, virtual
space or set of places. In such places, people can meet and interact with others, with
agents or with virtual objects. CVEs might vary in their representational richness
from 3D graphical spaces, 2.5D and 2D environments, to text-based environments.

Access to CVEs is by no means limited to desktop devices, but might well include

mobile or wearable devices, public kiosks, etc.”

CVE:s provide a space that contains data representation and users. Individuals

and data inhabit the VEs, the first in the form of embodiments or avatars, the second

mostly as geometrical 3D representations. Furthermore CVEs combine the graphical

representation potential of VR technology with communication capabilities proper as

seen in more traditional CSCW systems. Therefore VR brings several advantages to
CSCW, such as:

e The ability to present a large amount of information
¢ Three-dimensional representation of data

e Support for many sensory modalities

e Natural multi-user interaction

e Awareness of co-workers' activities.

Thanks to their flexible capabilities CVEs are increasingly being used for a
variety of tasks, from military and industrial team training, collaborative design and

engineering, education and social behaviour study, to entertainment as in multiplayer

games.
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According to Snowdon et al. (2001) software for CVE systems should

support some key features, such as shared context, awareness of others, negotiation

and communication, flexible and multiple viewpoints, and the following paragraphs

will descnibe these concepts in detail.

3.3.1 Shared Context

Shared context is a crucial feature in CVE systems and Snowdon et al. (2001)

stress that its meaning can vary and several interpretations can be provided according
to the specific application. The authors (2001, p. 9) define shared context as “shared

knowledge of each other’s current activities, shared knowledge of other’s past

activities, shared artefacts and shared environment. Together, these lead to shared

understanding’”.

In practice, the most common approach in CVEs is to provide the users with a
shared space where they can accomplish shared activities through gestures that reveal
their intentions. Shared artefacts should be visible and available to negotiate and the
current focus of the users attention should be indicated in order to help
communication. As Snowdon et al. (2001, p. 9) suggest “when artefacts are shared,
not only do they become the subject of communication between users, but also the

medium of communication; as one user manipulates an object, changes to 1t are

visible to others in an externalisation of the processes of change”.

3.3.2 Awareness of Others

Dourish et al. (1992, p. 107) define awareness as “understanding of the

activities of others, which provides a context for your own activity’.

In this regard CVEs adopt a number of metaphors to achieve group
awareness. Most commonly users are represented in the virtual scenario through
virtual embodiment, in the literature this is described as avatar, which inhabit the VE

and represent the position of the users in the virtual scene.

Capin et al., (1998, p. 158) list the most important functions of avatar

representation in CVE:
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e Perception of other participants

e Awareness of users’ location in the VE
e Identification

e Manifestation of participants’ interests
e Visualization of participants’ actions.

In short avatars are acting as links between participants and the VE. Their use
enhances a person’s psychological involvement in the virtual environment thus

intensifying the relationship among users within the environment.

In CVE 1t is crucial to differentiate the virtual representations of the
participants from the rest of the VE at a glance. Human shaped avatars are clearly
different from the objects in the VR scene thus the human metaphor is commonly
used. Nevertheless avatars can be of various types, according to the metaphor that the
CVE application embraces and the degree of realism that they are supposed to

achieve: from human shaped 3D models to 3D hands or faces, animals or objects, or

even video avatars.

3.3.3 Negotiation and Communication

Communication among the participants in CVEs can be of a verbal or non-

verbal nature, and it is established through a multitude of channels, from textual to

auditory and/or visually.

Textual communication is often by means of virtual chat boards or white
boards. Auditory channels involve the use of voice-conferencing facilities and
equipment, such as microphones and loudspeakers. Visual channels embrace both the

movement and behaviour of the avatars in the VE and/or video streaming for video

conferencing facilities.

Some applications, when focused on the achievement of realistic virtual
environments, aim at recreating face-to-face (f2f) natural communication among the
participants by using avatars and video conferencing facilities. This approach

involves many aspects of human communication such as facial expressions, lip
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movements, body postures and gestures. These redundant communication channels

contribute to the achievement of better comprehension and clanty.

According to Capin et al. (1998, p. 158), these more natural representations

of the participants in virtual contexts have the following qualities:

o The visual embodiment of the user by means of avatars

e The means of interaction with the world is through the free movement of the

avatars

o The means of feeling the various attributes of the world by using the senses. This

is achieved through mutual awareness among participants and a sense of

proximity through avatar representations.

e Enriching the communication to increase understanding among participants when

using video conferencing facilities.

Even though f2f implies enriched communication, it is difficult to achieve
due to the large amount of data required. A variety of data from different sources has

to be streamed across the network such as captured audio and video and data

representing tracked gestures and body postures.

For computer-supported collaborative work applications and especially

CVEs, the closer proximity to face-to-face communication felt among participants

the better the applications allow group work and collaboration.

On the other hand traditional computer chat features, hiding the real identity
of the users, can have the effect of increased interaction as this can eliminate shyness

and embarrassment.

Suler, in The Psychology of Cyberspace (2000), addresses the psychological

issues related to cyberspace communication. He noted that in chat-based cyberspace
communications people are free to express their identities fully, partially, or not at all
and they have the means to hide or disguise themselves and they can eventually

achieve what the literature describes as Identity Flexibility (Suler, 2002).
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3.3.4 Flexible and Multiple Viewpoints

In the traditional CSCW paradigm viewpoints are often managed following
the simple WYSIWIS (What You See Is What I See) concept. According to this

metaphor, users are forced to the same view of the document they have to share
- (Valin et al., 2001).

CVEs have demonstrated a need for more flexible multiple viewpoints
allowing all the users independent views and providing participants with flexible

viewpoints according to the task that they have to accomplish (Stefik et al., 1987 and
Valin et al., 2001).

The WYSIWIS approach was found to have limits dealing with two-
dimensional collaborative applications, such as shared whiteboards, but its use

became really inadequate in CVEs where multiple participants interact independently

in the virtual scene (Stefik et al., 1987 and Valin et al., 2001).

3.4 Collaborative VR Systems

The previous sections introduced the concept of CVE and summarised the

most important issues related to its implementation. Following this, the next

paragraph outlines a classification of CVE systems according to five main categories,

which depend on the systems’ architecture and features:

1. Large distributed virtual simulators

2. Text based shared VE: MUDs

3. Multiple user navigation systems

4, Platforms for implementing VR shared applications
5. Collaborative Virtual Design Environments.

This categorization excludes the examples of tele-presence and augmented
reality that are out of the scope of this thesis. In the following paragraphs each of the

five categories will be explained in detail and examples will be provided.
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3.4.1 Large Distributed Virtual Simulators

The military research into Distributed Simulations applications, carried out in
the United States by the Defence Advanced Research Projects Agency (DARPA),

was a central contribution to the development of the history of shared wirtual

environments.

In 1983 the United States Army (McCarty et al., 1994) started a project called
Simulator Networking (SIMNET) with the goal of developing a wide-area network,

involving hundreds of simulators exchanging information over a communication
network.

In 1989 DARPA and the Army Project Manager for Training Devices
(McCarty et al.,, 1994) started a project to develop a more efficient protocol for
simulation known as the Distributed Interactive Simulation (DIS) standard. The DIS
was based on SIMNET but its technology went beyond this early distributed
application thanks to advances in communications technology (McCarty et al., 1994).

The DIS was essentially a group of standards addressing the relevant topics,
such as (Macedonia et al., 1994): |

¢ Communications architecture

e Format and content of data

e Entity information and interaction

e Simulation management

e Performance measurement

¢ Radio communications and emissions
¢ Field instrumentation

e Security

e Database formats

e Fidelity

¢ Exercise control and feedback.
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It also provided specifications to be used by the government agencies and

engineers building simulation systems.

In Figure 3.1 is an overview of the first distributed applications. It is to be
- noted that research towards military simulators and research by the computer games
community were at the base of the early technological achievements in distributed

applications (Fujimoto, 2002) (See Section 3.4.2).
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Figure 3.1: Historical overview of Distributed Computing and Simulation
(Fujimoto, 2002)

The following two sections will outline two examples of virtual simulators:
The Virtual Cockpit and the NPSNET system.

3.4.1.1 The Virtual Cockpit

In 1991 DARPA commissioned the Air Force Institute of Technology (AFIT)
to develop a low-cost flight simulator to be used for distributed simulations
(McCarty et al., 1994). The outcome of the research was published by McCarty et al.
(1994) in a special edition of IEEE Computer Graphics and Applications on Virtual
Reality.

AFIT developed a virtual cockpit consisting of a Silicon Graphics

workstation connected to a SIMNET simulator system which had a head —mounted
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display device and position trackers. The virtual cockpit had the fundamental
capability to broadcast and receive network distributed simulation messages.
Messages were transmitted which had the information required to upgrade the

current position of all the participants in the simulated scenario in real time. The

system had to control, in real-time:

e The flight dynamics and cockpit instruments
o The display of the virtual scenario

e The network interface.

The software for the flight dynamics was based on a mathematical model
developed at the Naval Postgraduate School (NPS) by Major Joe Cooke (Cooke et al,
1992). This numerical model incorporated data such as the virtual aircraft’s speed,

position, velocity and acceleration, in the simulated environment.

The display of the virtual scenario required two major functions: database
construction and database rendering. The database was built using Software System’s

MultiGen, a commercial polygon-based modelling package that stores descriptions

of geometrical objects 1n its proprietary format, called Flight. The database of the VE

consisted of terrain, stationary entities and dynamic objects.

The rendering of the database was achieved through minor changes to the

code using the Silicon Graphics graphics library, GL.

Networked communications to and from the virtual cockpit involved the
transmission of the current state of the vehicle. This included information such as the

location, orientation, speed and appearance of the vehicle e.g. if it was on fire or

damaged etc.

In terms of software implementation the network interface had two main
parts: a set of Unix-style network daemons that provided access to the Ethernet

messages contents and a C++ class, called the entity object manager that handled

the content of the messages and maintained the description of the simulated

environment.

The entity object manager also performed remote vehicle approximation of

simulated objects, known as dead reckoning, used to reduce network load. Dead
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reckoning allows interpolation of the intermediate positions of the remote
participants, based on the last received network message. During their virtual motion
remote vehicle simulators do not transmit every change in their position but they

broadcast their position and orientation only when these cannot be predicted. This

reduces considerably the amount of data to be sent through the network.

Figure 3.2: Images from the virtual cockpit svstem (McCartv et al., 1994, pp. 50,

DJ)
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3.4.1.2 NPSNET

NPSNET (Naval Postgraduate School Networked Vehicle Simulator)
(Shaffer, 1995) is an ongoing project that investigates the implementation of a
networked, distributed simulation system which allows multiple users to interact
within the same virtual environment. NPSNET is a low cost, real-time networked
 vehicle simulator which was developed at the Computer Science Department of the

Naval Postgraduate School (NPS) in Monterey, California.

The current, still under developement, version of this framework is NPSNET-

V (NPSNET-V, 2002) that follows the succesfully completed, NPSNET-IV project.

NPSNET-IV (Macedonia et al., 1994) was the first 3D virtual environment
that incorporated both the IEEE 1278 Distributed Interactive Simulation (DIS)
application protocol and the IP Multicast network protocol for multi-player

simulation over the Internet. The system allowed users to choose between several

simulated environments:
o Air
¢ Qround

e Nautical, surface or submersible

e A virtual vehicle, which 1s a non-invasive entity that exists in the VE, but it 1s not

represented in the virtual scene by a virtual model e.g. a stealth vehicle

¢ Human

Users could manoeuver the vehicle using three interface devices: a flight

control system, a six degree of freedom SpaceBall and a keyboard.

In this simulation configuration the virtual vehicle, provided with munitions

to be used during the combat simulation, could move on the ground surface, on the

sea surface, below the sea surface or in the atmoshere.

Other vehicles within the simulation could be directly controlled by other

participants, rule-based autonomous entities, or entities with scripted behavior.
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The virtual environment created by NPSNET-IV included a variety of static
and dynamic objects exhibiting numerous visual qualities and multimedia behaviors

including sound, flying over a farm for instance evoked a chorus of animal noises.

NPSNET-IV was mostly written using Performer, a mid-level Application
Programming Interface (API), created by SGI, which performs the movement and

viewpoint computations automatically (Macedonia et al., 1995).
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Figure 3.4: A soldier being trained and his virtual embodiment using NPSNE'1
(Darken et al., 2001)
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3.4.2 Text-based Shared VE: MUDs

MUDs come from a very special family of multi-user computer programs.
MUD originally stood for Multi-User Dimension, the name given by Richard Bartle
and Roy Trubshaw (Reid, 1995). Now the term most commonly refers to Multiple

User Dungeon or Multiple User Dialogue: it is a networked, multi-participant system

mostly found on the Internet.

Roy Trubshaw (Bartle, 1990) wrote the very first MUD programme in spring
1979, while he was student at Essex University. The game was originally little more

than a series of inter-connected locations where the users could move and chat to
each other. Trubshaw rewrote it almost immediately, and the next version was much
more sophisticated, but also called MUD (Bartle, 1990). The database (rooms,
objects, commands etc.) was defined in a separate file, but it could be added to
during the game. Due to concerns over its memory and because this first version of
the programme was becoming unmanageable Trubshaw rewrote it from scratch. The
new release was completed by Easter 1980 (Bartle, 1990). This version, (which is in
fact version 3), is now considered as the original MUD (Bartle, 1990). At the
beginning of the 1980s Essex University, USA, was linked to the ArpaNet through
an experimental packet-switching system, called EPSS (Bartle, 1990). This link
offered the chance to test the program with external players. In the December 1980

issue of Byte the first reference to MUD appeared in print (Bartle, 1990). MUD
software was then developed and maintained by Richard Bartle (Bartle, 1990).

Jim Aspnes (Burka, 1993), a graduate student at Camegie Mellon University,
USA, wrote a game called TinyMUD over one weekend of August 1989. It was a

simple, multi-user game that was available to anyone via the Internet. While
TinyMUD wasn't the first MUD, its easy interface and portability to Unix systems

was the origin of its success and it caused an explosion of MUD popularity that has
not yet waned (Burka, 1993).

These systems were technically very simple and did not involve the use of
any special devices as for immersive VR. The game was played in several separated
virtual spaces, or rooms, so that people and objects in one room could not directly

interact with people and objects in others. All the interactions took place through text
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since neither pictures nor sounds were supported. The transfer of information to the
network was handled through TCP sockets and at the beginning of the session each
user would take control of a computerized avatar to interact with others. The

participants could walk around, chat with other characters, explore areas, solve

puzzles and even create their own rooms, descriptions and items.

The first environments were initially simply textually described, but

subsequently they became more graphically realistic.

There are many different types of MUDs (Burka, 1993), and each specializes
in a different sort of user-interaction and scope. The Tiny- and Teeny- family of
MUD:s are usually more socially oriented; the players in those MUDs tend to gather,
chat and meet friends to discuss all kinds of topics (Burka, 1993). The LP- family of
MUD:s, including Diku and AberMUD are usually based on role-playing adventure
games (Burka, 1993). Many others have appeared such as MOOs and UnterMUDs

and each has its own unique style (Burka, 1993).

Elizabeth Reid describes MUD systems as the first form of Collaborative VR:
“A MUD program 1s, in essence, a set of tools that can be used to create a
sociocultural environment. It is this that sets MUDs apart from other textually based,
computer-mediated communication tools. The latter merely provide an interface that
separates what a person types from that of another and so allows a form of written
conversation. MUDs, by contrast, allow the depiction of a physical environment that
can be laden with cultural and communicative meaning. They allow imagination and
creativity to furnish the void of cyberspace with socially significant indicators. It 1s

this that makes a MUD system a form of virtual reality” (Reid, 1995, p. 167).

A MUD creates a non-graphical virtual environment that exists not only in
databases or in the computer networks supporting the systems but also in the
imagination of all the participants. In short a “MUD program serves to actualise what

is imagined in ways that can be communicated to or retrieved by other users” (Reid,
1995, p. 183).
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3.4.3 Multiple-Users Navigation Systems

This category of CVE systems includes all the systems that allow multiple

users to navigate virtual environments and to communicate with each other using
several communication channels. In this category virtual environments are not text-

based, as in MUD systems, but are displayed using a variety of VR visualization

devices.

This is the most popular CVE category and very many systems have been

built for a variety of purposes. A sub-categorization that divides these systems into

seven groups follows:

e Cyber-communities: for entertainment purposes or educational and social

research

e Virtual cities: for entertainment and education

o CVEs for design: to explore design solutions interactively and for educational

purposes

¢ CVEs implementing realistic avatars: to enhance serious communication or for

entertainment

e CVE:s for education: used primarily as didactic tools and for virtual storytelling

¢ CVEs as artistic expression: shared VEs are unconventional spaces that can

generate creative fillings and unusual sensations in their visitors

¢ Multi-disciplinary CVE systems: often broad projects that can offer the

opportunity to investigate several aspects of CVEs involving different

disciplines.

In the following pages examples of different categories will be provided and

the relevant collaborative i1ssues will be discussed.
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3.4.3.1 Cyber-Communities: the HABITAT example

Lucasfilm’s Habitat (Momingstar et al, 1990) was a distributed virtual
environment capable of connecting thousands of users in a single shared cyberspace.

It was one of the first attempts to create very large-scale commercial multi-user VE

for entertainment purposes and it was inspired by the cyber culture of the 1980s, in

particular by Vemnor Vinge’s novel, True Name (Vernor, 1981).

Habitat was built on an ordinary commercial online service and was

accessible through ordinary PCs.

Habitat gave a real-time animated view to the online simulated world in

which users could communicate and interact in a virtual community.

The 1nitial release of the system was for Commodore 64 home computers.
This version of the system was able to display the virtual world and the embodiments
of the participants in real time. The virtual scenario consisted of a number of objects
such as houses and trees, and the animated avatars, who were often of human

appearance were commanded using a joystick. Avatars were able to navigate the

scene and also to interact with the objects by choosing and manipulating them.

Communication among the participants was accomplished by using textual

chat-lines and the typed text was displayed above the users’ avatars in a cartoon style

“word balloon™.

The architecture of Habitat was based on a large number of locations, called
regions, which were interconnected to create a continuous virtual space. Using

doorways passages or moving to the edge of the screen were among the means to

access various linked regions.

In each region avatars could interact with a set of objects which could

perform certain functions (See Figure 3.5).
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Ob ect Class Function
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Figure 3.5: Objects and related functions in Habitat (Morningstar et al., 1990)

Habitat was very close to the multi-player games that are now proliferating

throughout the Internet. It was one of the first attempts to involve a large number of
users, around 20,000, and therefore it gave the researchers the opportunities to study

cyber-community behaviour and observe problems in communication which has

been mediated by computers.

3.4.3.2 Virtual Cities: the VYR-Glasgow example

The Glasgow Directory (Maver et al., 2000; Ennis et al., 2001; The Glasgow
Directory, 2002) and its multi-user version, VR-Glasgow (VR-Glasgow, 2002) were
launched in 1999 by the ABACUS group at the University of Strathclyde in
Glasgow. This web site allows the user to explore a three-dimensional model of
Glasgow, to meet multiple participants in the virtual city and to retrieve information
through many links to various information sources. These links can be accessed

either by using traditional lists, tables and search engines or while still navigating the
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25 km’-wide VRML model of the city (Peng et al., 2002) directly by clicking
information categories in a Menu (See Figure 3.6). Once a category of interest has
been chosen, the location of related buildings or sites are directly visualised in the

virtual city, and links to more detailed information are provided. The system can

provide the user with information from:
e A multimedia database of General Tourist Information

e A multimedia database of Glasgow Architecture

e An alphanumerical database of property addresses and street names

e External Web sites
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Figure 3.6: The Glasgow Directory, a screenshot from the web site (The

Glasgow Directory, 2002)
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Figure 3.7: The multi-user interface to VR-Glasgow (Maver et al., 2000)

Once the user logs in the multi-user version (See Figure 3.7) he or she is asked to

insert a name and to choose an avatar. The chosen name is displayed close to the

avatar’s head 1n order to distinguish them from any other participant.

Communication among the virtual visitors 1s enabled by a chat-board.

In terms of used technology, the shared virtual environment is based on the
VNET client/server package, a Java™ application that allows multiple users to
communicate using chat boards. The VRML virtual world is downloaded onto each

user’s computer once they are connected to the VNET server. This reduces the

amount of data transmission to only the coordinates of the various users positions

and the text for the chat board.

3.4.3.3 CVEs for Design: CASA, CALVIN and LCD-VR Systems

CASA (Leigh et al., 1995) is the acronym for Computer Augmentation for
Smart Architectonics and it was developed at the Electronic Visualization Laboratory

(EVL), at the University of Illinois, Chicago, where the CAVE was also developed
(Cruz-Neira et al., 1993).

[t is a system that was designed to explore virtual architectura! spaces using

the immersive VR devices that were available at EVL. In addition to the interaction

provided by normal use of the CAVE consisting of moving a tracked wand fitted

with three push button inputs and a pressure-sensitive joy-pad, the CASA system
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allowed three more means for interaction; through voice-recognition, continuous-

stroke gesture recognition and a virtual visor.

This voice recognition module was an integration of commercially available
packages for speech recognition. The continuous-stroke gesture recognition feature
allowed the user to train the system to recognise continuous movements of the wand.
By pressing one of the three buttons on the wand the system starts the gesture
recognition procedure until the user releases the button. Once the movement of the
wand has been completed, the system examines its database looking for the gesture

that was just executed. For example CASA is able to recognise the 26 characters of
the alphabet (See Figure 3.9).

Finally the virtual visor is a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>