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Preface

This volume constitutes the proceedings of the First International Workshop on Co-

operative Buildings (CoBuild’98) – Integrating Information, Organization, and Ar-

chitecture, held in Darmstadt, Germany, on February 25–26, 1998. The idea for this

workshop and actually the term “cooperative building” was created during the activi-

ties of initiating the consortium “Workspaces of the Future” for conducting an inter-

disciplinary R&D program in cooperation with partners from industry. We discovered

that there was no appropriate forum to present research at the intersection of informa-

tion technology, organizational innovation, and architecture.

The theme “Integrating information, organization, and architecture” reflects the
challenges resulting from current and future developments in these three areas. In the
future, work and cooperation in organizations will be characterized by a degree of
dynamics, flexibility, and mobility that will go far beyond many of today's develop-

ments and examples. The introduction of information and communication technology
has already changed processes and contents of work significantly. However, the de-
sign of work environments, especially physical work spaces as offices and buildings,
remained almost unchanged. It is time to reflect these developments in the design of

equally dynamic, flexible,  and mobile work environments. The papers of this volume
show that this is an interdisciplinary endeavor requiring a wide range of perspectives
and the utilization of results from various areas of research and practice.

The workshop was organized by the German National Research Center for Infor-
mation Technology, in particular by the two research institutes in Darmstadt,  Inte-
grated Publication and Information Systems Institute (IPSI) and the Institute for Tele-
cooperation Technology (TKT), in the context of their joint effort organizing the

R&D consortium “Workspaces of the Future”. The workshop was held in cooperation
with the following scientific societies: Gesellschaft für Informatik (GI), European
Association of Cognitive Ergonomics (EACE), and the Association of Computing
Machinery (ACM).

The technical program of CoBuild’98 presented in this volume is the result of the
review and selection process of the international program committee. From the sub-
mitted papers, we selected 22 high quality papers: 18 to be presented as full papers
and 4 as short papers. The selected papers were complemented by two invited speak-

ers. Due to the very interdisciplinary nature of the workshop, the papers cover a wide
range of topics. They therefore had to be reviewed from multiple perspectives which
was not always an easy task. I would like to express my sincere thanks to the mem-
bers of the program committee for their careful reviews and constructive comments

which often helped to improve the final versions of the papers.
Finally, I would like to express my sincere thanks to Shin’ichi Konomi for com-

piling and copy-editing the camera-ready manuscript and for creating the workshop’s
website. I extend special thanks to Hans-Jürgen Burkhardt, the conference co-chair,

and to Knut Bahr and the members of the organization committee for their effort in
taking care of all those additional issues that are essential for a successful workshop.

Darmstadt, January 1998                         Norbert A. Streitz  (Program Chair)
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Supporting/Cooperating Societies

Gesellschaft für Informatik (GI) mit den Fachgruppen:
2.3.1 Software Ergonomie
4.9.1 Hypertext-/mediasysteme
5.5.1 CSCW in Organisationen

European Association of Cognitive Ergonomics (EACE)

Association for Computing Machinery (ACM) with the special interest groups:

SIGCHI (Computer-Human Interaction)

SIGGROUP (Group Work, CSCW)

SIGLINK (Hypertext, Hypermedia)

SIGMM (Multimedia)
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Opening Keynote Speech

The Invisible Interface: Increasing the Power
of the Environment through Calm Technology

Mark Weiser

Xerox Palo Alto Research Center (PARC)

Palo Alto, CA 94304, USA

Email: weiser@parc.xerox.com

Dr. Mark Weiser is the Chief Technologist at the Xerox Palo Alto Research Center

(PARC). Weiser has no bachelor’s degree; his PhD is in Computer and Communica-

tions Sciences from the University of Michigan (1979).  Weiser was assistant and

associate professor and associate chair in the Computer Science Department at the

University of Maryland from 1979 to 1987, when he joined Xerox PARC as member

of the technical staff, then heading the Computer Science Laboratory for seven years.

He has started three companies. His over 75 technical publications are on such areas

as the psychology of programming, program slicing, operating systems, programming

environments, garbage collection, and technological ethics. Weiser’s work since 1988

has been focused on Ubiquitous Computing, a program he initiated that envisions

PC’s being replaced with invisible computers embedded in everyday objects. He be-

lieves that this will lead to an era of "calm technology", in which technology, rather

than panicking us,  helps us focus on what is really important to us.  Weiser is also the

drummer of the rock band Severe Tire Damage, the first live band on the Internet.
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Closing Keynote Speech

Working Place for the Knowledge Economy

John Worthington

DEGW International Consultants on

Workplace Programming, Planning and Management

8 Crinan Street, London N1 9SQ, UK
and

Department of Architecture, University of Sheffield, UK

Email: jworthington@degw.co.uk

The organisation and location of work has changed dramatically in the last decade,

reflecting the  accumulation of Information and Communication Technology (ICT) by

businesses in a quest to improve performance. Technology since the introduction of

the IBM PC in 1980 has become more powerful, mobile, wireless and networked. In

the 1980’s the effect on the building environment was to take space, create heat, pro-

liferate units and place demands on the specification of the building shell. Many of

these constraints have evaporated as we near the end of the 1990’s. The role of infor-

mation technology has become absorbed and ubiquitous . The impact today is on

location, settings and the new paradigms which have emerged of work.

The impact on work and the work place is that work can and is done anywhere at

any time. The office is the place of face to face exchange with less emphasis on own-
ership of personal space, and a greater focus on meetings, team work and “transac-

tion”. Space and time utilisation studies of a professional organisation show that on

average staff members may only be in the office 60% of their working day and of that

time only spend 40% at their personal workspace. Compound these figures with the

calculation that of all the hours available in a year the office is only on average used

for 10-15% of that time, and we recognise an increasingly valuable resource which is

dramatically underutilised. DEGW’s analysis of working practices and time utilisa-

tion for a number of major organisations have moved us to “new ways of working”

where space is shared, a wider and more appropriate range of work settings is created,

and the technology is mobile. The result is a shift from the office as a factory to the

transactional office of the “club”, “hive” and cell.
As the office becomes the meeting point, new locations are emerging. Points of at-

traction are going to be multi-functional, sixteen hour usage, accessible by both public

and private transport and with a distinctive personality. The presentation will describe

Utrecht in the Randstadt (Netherlands) as one of the emerging modes. A high inten-

sity of working, living and commercial functions are planned related to a station with

over 45 million passengers per year, which with the fact rail will be 22 minutes from
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Schiphol airport and is adjacent to world quality exhibition grounds, and a historical

core. The presentation will describe the planned characteristics of such a location, the
proposed building types, and the mix of users and their resultant work settings.

John Worthington is the Deputy Chairman of DEGW: International consultants on

workplace programming, planning and management. He is a visiting professor on

Briefing and Building Performance at the Department of Architecture, University of

Sheffield. From 1992 – 1997, he was a Professor of Architecture and Director of the

Institute of Advanced Architectural Studies (IoAAS) the University of York.

John Worthington addresses public authority, private developers and multi national

corporations across Europe on briefing for the more efficient use and development of

urban areas, buildings and settings. He was director responsible for the multi client
study on Intelligent Buildings in Europe (1991) and has recently published Reinvent-
ing the Workplace (Butterworths 1997).
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Roomware for Cooperative Buildings:
Integrated Design of

Architectural Spaces and Information Spaces

Norbert A. Streitz, Jörg Geißler, Torsten Holmer

GMD - German National Research Center for Information Technology
IPSI - Integrated Publication and Information Systems Institute

GMD-IPSI, Dolivostr. 15, D-64293 Darmstadt, Germany

Email: [streitz, geissler, holmer]@darmstadt.gmd.de

Abstract.  In this paper, we introduce the concepts of “cooperative buildings” and

“roomware” and place them in the context of the integrated design of real, physical,

resp. architectural spaces and virtual, resp. digital information spaces. By “room-

ware” we mean computer-augmented things in rooms, like doors, walls, furniture,

and others. The general approach is detailed via examples from the i-LAND project

where we develop several “roomware” components in order to realize an interactive

information and cooperation landscape, e.g. an innovative work environment for

creativity teams. We describe the current realization of i-LAND which includes an

interactive electronic wall, an interactive table, computer-augmented chairs, and a

mechanism for assigning physical objects as representatives of information objects

in the virtual world.

Keywords. cooperative buildings, shared workspaces, physical space, architecture,

virtual world, information space, augmented reality, roomware, furniture, dynamic

offices, team work, creativity support, CSCW, human-computer interaction.

1 Introduction

Introducing information and communication technology already changed work proc-

esses and the content of work significantly. However, the design of work environ-

ments, especially physical work spaces such as offices and buildings, remained almost

unchanged. Neither new forms of organizations nor computer-supported work prac-

tices have been reflected in relevant and sufficient depth in the design of office space

and building structures. In the future, work and cooperation in organizations will be

characterized by a degree of dynamics, flexibility, and mobility that will go far be-

yond many of today’s developments and examples. On demand and ad hoc formation

of teams, virtual organizations, physically distributed and mobile workers are only

initial examples of the work practices and organizational innovation to be expected.

Contents and participants as well as contexts, tasks, processes and structures of col-
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laboration will be changing frequently, in various ways and with an increasing rate of

the innovation cycle. It is time to reflect these developments in the design of equally

dynamic, flexible,  and mobile work environments.

The paper is organized as follows. First, we introduce the concept of a “coopera-

tive building” and describe three dimensions relevant for determining the scope of
this concept. Second, we focus on the integrated design of the physical space and

related information spaces. This includes the introduction of the “roomware” concept

and the so-called A
3
-environments based on the requirements derived from three

sample scenarios. The main part of the paper is then devoted to the i-LAND project

and the presentation of  the roomware components we have developed. Finally, we

put our work in perspective to related work and close with comments on future work.

2 Cooperative Buildings

We propose the concept of a cooperative building as a flexible and dynamic environ-

ment that provides cooperative workspaces supporting and augmenting human com-

munication and collaboration. By the choice of this term we want to indicate that the

building serves the purpose of cooperation and, at the same time, it is also “coopera-

tive” towards its inhabitants and visitors. This is to say that the building does not only

provide facilities but it can also (re)act “on its own” after having identified certain

conditions. According to our vision, it will diagnose problems, provide information,

establish connections between people, and offer “help”. It will adapt to changing

situations and provide context-sensitive information according to knowledge about

past and current states or actions and, if available, about plans of the people.

While the term “building” implies strong associations with a physical structure, our

concept of a cooperative building goes beyond this. It is our understanding that a
cooperative building originates in the physical architectural space but it is comple-

mented by components realized as objects and structures in virtual information

spaces. Combining real and virtual worlds in a computer-augmented environment

allows us to design enabling interfaces that build on the best affordances of everyday

reality and virtuality. As designers of human-computer interaction or rather human-

information interaction and human-human cooperation, we seek to use the best as-

pects of each. This perspective is inspired by related approaches in augmented reality
(Wellner et al., 1993), ubiquitous computing (Weiser, 1991), tangible bits and ambi-

ent media (Ishii & Ullmer, 1997) described in the related work section. We will pro-

vide examples of our realizations, e.g., in the i-LAND project in subsequent sections.

A related aspect is that a cooperative building is not restricted to one physical lo-

cation. Our perspective encompasses a distributed setting with remote locations where

people work and dwell. The remote location might be an office building at another

site of the organization or in a building at a client’s site, a teleworker’s small office at

home or the temporary hotel room of a salesperson “on the road”. Within the frame-
work of a cooperative building, people can communicate, share information and work

cooperatively independent of the physical location.  In contrast to today‘s restricted

desktop-based videoconferencing scenarios, we envision a seamless integration of

information and communication technology in the respective local environment. This
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results in more transparency and a direct and intuitive way of interaction, communi-

cation and cooperation in distributed environments. This approach builds on our ear-
lier work on ubiquitous collaboration (Streitz, 1996) and is in line with the work on
media spaces (Bly et al., 1993) and ubiquitous media (Buxton, 1997).

Fig. 1.  Three dimensions of cooperative buildings.

For our thinking it was useful to distinguish the three dimensions shown in Fig.1.

While each of these have been addressed before, the integrated global picture has still

to be constructed. A central aspect is the “real vs. virtual world” dimension or, using

a different terminology, the physical or architectural space vs. the digital information

space or cyberspace. While each terminology has its own set of connotations, we will

use them here more or less interchangeable. Our day-to-day living and working envi-

ronment is highly determined by the physical, architectural space around us consti-

tuted by buildings with walls, floors, ceilings, furniture, etc. They constitute also rich

information spaces due to the inherent affordances either as direct information sources

(e.g., calendars, maps, charts hanging on the walls, books and memos lying on the

desks), or by providing ambient peripheral information (e.g., sounds of people passing

by). With the advent of information technology the situation changed dramatically.

Information is a resource that is more and more available via the computer, usually

the desktop computer. People tend to view information now as primarily available by

“diving” into cyberspace. The situation changed not only in terms of having a differ-

ent “place” or “location” for, in principle, the “same” information (e.g., on-line calen-

dars, e-mail, electronic documents, on-line data bases) but - more important - in terms

of new categories, constellations and ways of presenting information. Some of it has

no counterpart anymore in the real physical world as, e.g., artificial worlds, virtual

reality. Furthermore, in many cases it will be updated more often than other sources

of information.

virtual

real

global

local

individual

group
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There is another aspect of the “virtual” part of this dimension. It refers to the situa-

tion where people are not in one physical location but in remote, distributed locations.
Associated terms are virtual meetings, virtual teams, virtual organizations, but one has

to note that the people, for example, of a virtual team, participating in a so-called

virtual meeting are still real people
1

 in real physical spaces. If one goes beyond stan-

dard desktop video conferencing, one is faced with challenging design issues for

creating a “shared” background setting in which the distributed members are placed

(Buxton, 1997).

This interpretation of “virtual” is, of course, closely related to the “local vs. global
context” dimension. This dimension addresses the issue that we have to design the

local environment with respect to the requirements resulting from its two roles. One

role is to augment individual work and support group work in face-to-face meetings.

The other is to provide an environment that facilitates the global cooperation of dis-

tributed people. While there is an intuitive understanding of the meaning of “local”

vs. global”, one has to look at it in more detail. The term “local” is often used syn-
onymous with co-located or “same place”. Think for example of a standard office or

meeting room. But what is the scope of the “same place” ? Is the hallway part of it

when the door is open ? Where are the boundaries ” ?  In contrast, where does a “re-

mote” place begin ? Is the meeting room on the next floor local because it is “near by”

or a remote place ? Does the notion of remote location and global context start in

another building, another city or another continent ? In the i-LAND project, we will

use sensors for determining positions. Thus, the information devices know where they

are, what their local and global context is, and the cooperative building can be pro-
vided with information about the location of people in relationship to the devices.

In i-LAND, we currently concentrate on the design of “near by” local environ-

ments, i.e. within one building, but we keep in mind that they will also serve as local

counterparts for global cooperation. Each venue of a global distributed cooperation

scenario has to offer much more than the current individual desktop office. This im-

plies that one has to look  “beyond desktops” when designing this type of support.
A third relevant distinction is based on the “individual vs. group“ dimension.  It

emphasizes that the type of support should be able to distinguish, for example, be-
tween different degrees of coupling shared workspaces. This is based on our earlier

work on cooperative hypermedia systems (Streitz, 1996). It should be possible to

determine the degree of coupling by the users and provide awareness about who is

sharing what and to which degree. This dimension reflects also the implications of

different phases of team work: plenary presentation and discussion in the complete

group, splitting up in subgroups, working individually on an assigned task, resuming

again for the integration of ideas and merging of intermediary results, etc. At a more

general level, this dimension addresses the differences in social contexts of work
arising from different organizational structures.

In summary, it is our opinion that the realization of a “cooperative building” has to

pay attention to these three dimensions in order to constitute the basis for designing,

using, and evaluating the Workspaces of the Future.

                                                       
1

 There is no space to address the concept of avatars here. They certainly have interesting

implications for the issues discussed here.
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3 Integrated Design of Architectural Space and Information Space

In our current work, we concentrate on two of the three dimensions discussed in the

previous section: the real vs. virtual and the individual vs. group dimension.

In order to develop a cooperative building or parts of it, we follow a human-

centered design approach. The human is at the center of our considerations. However,

the human is part of a group or a team and the team has to be viewed in the context of

an organization. Combining this with the previous goal of an integrated design of the

physical space and the information space, we arrive at the following four spaces (Fig.

2) which need to be addressed in the overall design:
The cognitive space of the individual processing content in order to solve the tasks,

the social space reflecting work practices and organizational context, the physical
space including the architectural components of the building and the roomware, and

the information space provided and mediated by networked information devices pro-

viding the functionality needed for working on the task.

Fig. 2. Design spaces of cooperative buildings.

Our design of the cooperative workspaces provided by a cooperative building is

driven by example application scenarios but we are not limited to them. In the fol-

lowing, we describe scenarios, derive requirements and present proposals for design.
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It is our vision of the workspaces of the future that the world around us is the in-
terface to information (re)presented via ubiquitous devices, some of them visible,

others “invisible” in the sense that they are embedded in the physical environment.

We anticipate a situation, where we do not have to go to a specific place (e.g., the

desktop computer in an assigned office) to interact with information and where people

interact with each other mediated by digital information. Instead, ubiquitous and in-

teractive landscapes for interaction and cooperation augment our reality.

3.1 The Roomware Concept

Inspired by previous work on augmented reality and ubiquitous computing and our

own work on electronic meeting rooms, we describe now two application scenarios

which served as starting points for our roomware concept.
Scenario One: A meeting in the hallway. Meeting a colleague by chance in the

hallway and starting a discussion might result in the intention to explain something by

drawing a sketch on the wall and annotate it by scribbles. Besides the fact that this is

usually not accepted in our office buildings, in current buildings with existing tech-

nology one could not store and later modify these elements of the discussion. It is also

not possible to search for related information in a background information base and to

link this information to the sketch and the scribbles on the wall. When the two are
finished, the result of the work should disappear from the wall but still be accessible

at any other place in and also outside the building. In the future, we like to be able to

turn to the wall and do just this. Think of the wall as an interactive wall or as one

being “covered” by a high resolution electronic wallpaper providing the functionality

needed and being networked to other places.
Scenario Two: Dynamic team rooms. In typical team work, a team meets and often

divides up the work by assigning subtasks, then breaks up so that individuals and

subgroups can go off to do their work. After some time, perhaps the next day, the full
team meets again and discusses the results which form the basis for the next phase of

cooperation. In a time-critical situation, it would be very useful if one can reduce this

cycle time of full team meeting/ subgroup meetings. An alternative is to provide ways
for subgroups to split up during the meeting in the same room, do their work, rejoin

and then immediately merge the results. Providing adequate information technology

support for this scenario requires a team or project room which is equipped with com-

ponents and resources which are very flexible so that they can be reconfigured dy-
namically and on-demand in order to meet the requirements of changing team work

situations. Our analysis of this scenario includes a plenary situation and different

subgroup or individual work constellations. The plenary is characterized by the full

team sitting in chairs and facing a large public display. An example of subgroup work

is that people move their chairs and group them in one corner of the room, discuss

their task and exchange ideas. Another subgroup walks over to an ad-hoc meeting

table, stands around it, views and edits tables and diagrams. A third constellation is

that people walk up to a whiteboard at the wall, draw sketches and annotate them with
scribbles. Of course, it might be the case that some of these “subgroups” consist only

of one person using the devices for individual work. It is our vision that the chairs, the
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table, and the wall are interactive devices providing support for these cooperation and

interaction situations via embedded information technology.
Our approach to meet the requirements of these scenarios is based on the room-

ware concept. By roomware we mean computer-augmented things resulting from the

integration of room elements (e.g., walls, doors, furniture like tables, chairs, etc.) with

computer-based information devices. The resulting roomware components are inter-

active. They provide support for the creation, editing, and presentation of information.

They are networked and therefore have access to worldwide information. The chairs

and the table are also mobile due to wireless networks and stand-alone power supply.

The general goal of developing roomware is to make progress towards the integra-
tion of architectural spaces and information spaces. In the context of CSCW, we have

a specific goal, i.e. to develop reusable components which can be tailored and com-

posed to form flexible and dynamic “cooperation landscapes” serving multiple pur-

poses: team or project rooms, presentation suites, information foyers, etc. Both goals

have in common that we also have to develop new forms of human-computer interac-

tion for multi-user, multiple-displays environments. In section 4, we describe the

initial set of roomware components we develop in the i-LAND project. It consists of
an interactive electronic wall (DynaWall), an interactive table (InteracTable), and
mobile and networked chairs with integrated slate computers (CommChairs).

3.2 A3-Environments

In our discussion of the local vs. global dimension, we raised the issue of identifying

and locating devices in buildings and in global distributed environments. Using sen-

sors, one can acquire information on who (people, roomware components) is located

where, connected with whom and interacting with whom. This can be used to struc-

ture the cooperation process among people and to provide the corresponding means

and information needed by an individual or a team. The next scenario illustrates part

of this idea.
Scenario  Three: The room that knows you and your team. A project team enters

the room. The “room senses” the members of the team, compares this list to previous

users of the room, identifies the team and the project discussed at the last meeting. If
the team wants to, the room configures itself restoring the state of the last meeting

including the set of documents they were working on before. The content and the

structure of the information is displayed again on the different roomware components

(e.g., the interactive wall, the interactive table). Thus, the team can continue right

where they were at the end of the last meeting.
A generalization of this idea results in what we call attentive, active, and adaptive

rooms or environments (A3-environments). “Attentive” means that the environment is

able to observe a room, a hallway or another area of the building it is assigned to. It

will be able to identify and locate people by various means (e.g., active badges, image

recognition, video analysis). The same is possible for tagged and/or networked de-

vices, e.g., the roomware components. Being informed about who and what is where

and what is going on, the A
3
-environment can be “active” by (re)acting in correspon-

dence with predefined rules, e.g., providing information that there is a prepared

agenda for the current meeting, that a team member who attended the last meeting is
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not present, etc. Furthermore, it can be “adaptive” by configuring the whole room or

part of it according to context information on what the room should be used for, e.g.,
displaying the work environment of a specific project team. A

3
-environments are

adaptive in the sense of auto configuration but they can also be adapted by the user or

the team. In both cases, the same room (or hallway, foyer, etc.) can be orchestrated

for multiple purposes providing interactive information landscapes for changing usage

conditions.

4 i-LAND: An interactive Landscape for Creativity and Innovation

In order to test the feasibility of the concept of a cooperative building, the i-LAND

project was initiated. Its overall goal is to develop a work and collaboration environ-

ment which responds to the demands of new work practices and organizational inno-

vation as they are characteristic for ad hoc and on demand teams, multiple-purpose

use of project-team rooms, etc. Besides the overall goal, i-LAND serves as a testbed

for the development of roomware and A
3
-environments and their tailorability to spe-

cific requirements of potential user groups. It will also provide the basis for evaluat-

ing the ideas and concepts by applying them to a specific application scenario, i.e. the

support of so-called creative teams. Examples are teams designing a new product,

developing a marketing strategy for an existing product, developing a perspective on

the future strategy of a company, etc.

4.1 Motivation and Requirements

The importance of supporting different work phases, e.g., involving subgroups as in

the second scenario, has been shown in several empirical studies we conducted  to

evaluate our meeting support systems (Streitz et al., 1994). On the one hand, we

found that certain features of the software – in our case the provision of hypermedia

functionality – facilitates the division of labor in team work and resulted in better

results in group problem solving (Mark et al., 1995, 1996). On the other hand, we

investigated the role of different personal and public information devices (networked

computers, interactive whiteboard) and different combinations of them for meeting

room collaboration in a recent empirical study (Streitz et al., 1997). The results show

that the groups which developed a balanced proportion of individual work, subgroup

activities, and full team work achieved better results than those groups which stayed

most of the time in the full-team work configuration. The degree of flexibility to work

in different modes was largely determined by the combination of information devices

provided to the team. Offering a wider range of devices or roomware components

resulted in more flexibility.

While these encouraging results were obtained in existing electronic meeting

rooms, these constellations do not provide the necessary flexibility of assigning dif-

ferent physical workspaces within a meeting room to subgroups and individuals. Ex-

isting electronic meeting rooms usually employ one large static table and computers
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on top of it or mounted in the table as we also did in the past (Streitz et al., 1994).

Thus, it is not possible to allocate and (re)configure the resources in terms of infor-
mation objects/spaces, roomware components in a flexible way. This flexibility is a

design goal of high priority for the i-LAND environment.

This design goal also requires to develop new means of distinguishing between in-

dividual and (sub)group work modes and using the detection of behavior and actions

in the real world instead of setting parameters via complicated interfaces for initiating

and terminating computer-supported cooperation (e.g., sharing of information) be-

tween people. The spatial flexibility and mobility of the roomware components re-

quires the use of wireless networks for connecting the information devices embedded
in the room and in the furniture and an independent power supply.

The current application scenario for i-LAND is to serve as a collaborative work

environment facilitating especially creativity and innovation processes in teams. In

order to inform our design and to tailor the generic components to this purpose, we

are investigating specific requirements in terms of appropriate roomware components

and creativity techniques supporting these processes. To this end, we are conducting

an empirical study involving interviews of creative teams in selected companies in

Germany. These teams are concerned with product design, marketing campaigns,
strategic future planning, etc. We are describing and analyzing their current work

practices using existing rooms, furniture, equipment, and creativity techniques. On

this basis, we identify shortcomings of conventional practices and equipment. Fur-

thermore, we are interviewing these teams about their requirements for support of

creative collaborative work in the near future but inquire also about their fantasies and

visions for the far future.

4.2 Roomware components of i-LAND

We defined an initial set of roomware components which will be described in detail in

the following subsections:

• DynaWall - an interactive electronic wall

• CommChairs – mobile and networked chairs with integrated interactive devices

• InteracTable – an interactive table.

In addition, to bridge the real world and the virtual world we are designing a mecha-

nism for establishing relations between real objects and information objects. We call

this mechanism Passage.

While each category of the roomware components has a value of its own, the full

benefit will only be available in their integration and combined use corresponding to

the different work phases identified before. This is achieved via the integration of the
roomware components in an application, in this case the i-LAND scenario. The tech-

nical integration is achieved by employing wireless networks connecting all compo-

nents as well as by a client-server software based on the cooperative hypermedia
framework COAST (Schuckmann et al., 1996). Fig. 3 shows our plan for the

i-LAND environment.

The roomware components of i-LAND have been or are being built. The software

providing the required functionality is still under development. Therefore, one has to
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keep in mind, that not all features described are already implemented in full but are

part of the concept and the requirements for the components.

Fig. 3. View of the planned i-LAND environment

showing three subgroups and two individuals.

4.2.1 DynaWall

Project teams in so-called project rooms often use large areas of assembled sheets of

paper (usually covering the walls) to create and organize their information. Examples

are large project overviews in terms of its parts, their relationships and dependencies.

However, the need for large visual areas is not restricted to the organizational aspect.
In many cases, even more important is the possibility for displaying, annotating and

editing large contents which is not without problems, especially in the paper-based

situation. Display space on paper or via an electronic information device is a crucial

point for most visually-oriented tasks.

Furthermore, in the electronic version the requirement is to be able to interact with

the content in a very intuitive way relying on standard gestures known from the inter-

action with the physical objects in the real / paper world.

The objective of the DynaWall is to represent a computer-based device that serves
these needs. It can be considered an “interactive electronic wall” represented by a

touch-sensitive information device. The current realization in the AMBIENTE Lab at

GMD-IPSI uses three rear-projection interactive whiteboards (SMART Boards™)

with a total display size of 4.5 m width and 1.1 m height and a resolution of 3072 by

768 pixels. It fills one side of the room completely (see Fig. 4). The DynaWall en-

ables groups like project teams to display and to interact with large information

structures collaboratively. The goal is to support two or more persons, either indi-

vidually, in parallel or sharing the whole display space.
The size of the DynaWall creates a new set of problems for human-computer inter-

action. It should be possible that information objects can be taken at one position and
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put somewhere else on the display or thrown from one side to the opposite side. Dia-

log boxes always should appear in front of the current user(s). User interface compo-
nents should always be at hand, etc.

Fig. 4. Two CommChairs in front of the DynaWall.

4.2.2 CommChairs

The CommChairs (see Fig. 5) represent a new type of furniture. They combine the

mobility and the comfort of armchairs with high-end information technology.

   

Fig. 5.  CommChairs and their usage.
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So far, we developed two variants: one with an integrated information device and one

with a docking facility for plugging in laptops or other mobile computers carried

along (Fig. 6).

   

Fig. 6. left - CommChair with integrated pen-based computer,

          right - CommChair with docking facility for standard laptops.

Each chair is provided with an interface for wireless networks and an independent

power supply for maximum flexibility and mobility. We use a radio-frequency net-

work for connecting to the Ethernet. Because of this connection, one can access

world-wide information while sitting in the chair.

������

����������	

Fig. 7. Accessing the DynaWall from the CommChair.
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Furthermore, the chairs enable people to make private annotations and notes and to

connect to shared workspaces, displayed on devices like the InteracTable or the Dy-
naWall. Users can edit and annotate objects displayed on these roomware components

not only locally but also remotely (Fig. 7).

Localization of the chairs in a room and the identification of the person sitting in the

chair will be done automatically based on sensors we will provide in the room. This

allows to bring up and configure the personalized environment. Furthermore, this

enables also to establish network connections and then shared information displays

simply by moving chairs together.

Built-in audio and video communication facilities, leaving messages for other peo-

ple sitting in that chair as well as tactile notification of incoming calls/information are

further aspects that are planned in this part of the i-LAND project.

4.2.3 InteracTable

The InteracTable is the first in a series of information devices that investigates general

shapes and orientations of interaction areas. It is designed for display, discussion, and

annotation of information objects by a group of two to six people sitting or standing

around the table.

The current stand-up version of the InteracTable (Fig. 8) is built as a vertical rear-

projection unit with a touch-sensitive display surface. Inside the table, an LCD

beamer projects a high-resolution image of 1024x768 pixels to the top of the table.

The integrated wireless network provides the InteracTable with a high degree of

flexibility.

Fig. 8. Informal discussion at the InteracTable.
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Since a round or oval-type display has no selected orientation as, e.g., top and bot-

tom and left and right at the desktop computer, one has to provide new means of in-
teraction. Information objects displayed on the table have to be rotated and shuffled

across the surface in correspondence to different view perspectives of the users

standing or sitting around the table. Manipulation is done by gestures using fingers or

pens, annotations by voice and/or pen. In addition, an infrared keyboard is available

for more extensive text-entry tasks.

4.2.4 Passage

Transportation of complex information structures collected from various sources very

often is an awkward task: numerous tools have to be started, the material has to be

arranged, maybe copied, and finally sent to the new location, e.g., by e-mail attach-

ments, ftp or similar services. When the person that sends this information arrives at

the new location, a similar activity of unpacking the material begins. The idea of

Passage describes an elegant mechanism of connecting information structures in the

digital, virtual world of computers with a real-world object. Such a detectable object,

we call it a Passenger, can be seen as a physical bookmark into the virtual world. One

can connect information to it, take it, carry it physically to the new location, e.g., in

the pocket of a shirt, and simply by putting it on a special device called Bridge, the

information is displayed immediately. It is no longer necessary to open windows,

browse hierarchies of folders, worry about mounted drives and doing similar annoy-

ing actions. Passage is a concept for ephemeral binding of content to an object.

A Passenger does not have to be a special object. Any uniquely detectable object

may become a Passenger. Since the information structures are not stored on the Pas-

senger itself but just linked to it, people can either turn personal objects into a Passen-

ger, like a watch, ring, or glasses, or they can use objects that are neutral in terms of

personal value. In the current i-LAND scenario, we use small wooden building blocks
of different size, shape and color that are inexpensive and can be bought in every toy

store. The only restriction Passengers have is that they can be identified by the hard-

ware and the software of the Bridge and that they are unique.

The connection between an information structure and an object is established by

making use of a Bridge device (see the tray in the middle of the DynaWall shown in

Fig. 4). A user simply puts an object on the Bridge, selects the material to be trans-

ported on the screen and activates a widget that links this material to the object, turn-

ing it into a Passenger. At the same time, the Passenger is registered in a central re-
pository of valid Passengers. When such a Passenger is carried to and put on another

Bridge, its software, which has access to the repository via the computer network,

recognizes the Passenger, collects the material, mounts network drives if necessary

and finally displays the information on the screen that is connected to the Bridge. By

using another widget, a Passenger retires, i.e. the connection between the object and

the information is removed. As a first approach and just for demonstration purposes,

we implement the Bridge as a scale with fine granularity that is connected to a com-

puter via the serial port. Our sample Passengers, the small wooden building blocks, all
have a different weight, and are uniquely identifiable.
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5 Related Work

The roomware concept, the development of different roomware components as in-

stantiations of this concept and their integration in the i-LAND environment is related

to and was inspired by different developments in human-computer interaction and

computer-supported cooperative work. The most relevant examples are augmented

reality, ubiquitous computing, and collaborative workspaces, in particular meeting

support systems. One perspective is that we develop new ideas for human-computer

interaction and apply them to the design of collaborative work environments. A com-

plementary perspective is that we extend interaction techniques by cooperative func-

tionality in order to develop ubiquitous and collaborative workspaces.

5.1 Augmented Reality

Augmented reality can be viewed as the counter-approach to artificial or virtual real-

ity. It is concerned with the use of computational devices in order to augment our

perception and interaction in the physical world. The devices that add computational

information to the appearance and/or use of reality can take various forms. For an

overview of initial work see Wellner et al. (1993). Examples are the DigitalDesk that

uses a video projection of a computer display as an overlay on paper documents on a

real desk (Wellner, 1993), the Chameleon prototype consisting of a small portable,

display and spatially-aware palmtop computer that can act as a window into the in-

formation space (Fitzmaurice, 1993), and the NaviCam (Rekimoto & Nagao, 1995)

providing context-sensitive information about objects in the physical environment via

a palmtop displaying combined video images and data.

In comparison to the DigitalDesk, the InteracTable provides a touch-sensitive in-

teractive display and is not using an overlay of video projections. With respect to

NaviCam or Chameleon, we currently do not plan to develop special devices that add
computational information to the visual appearance of reality. Instead, in the room-

ware concept, everyday objects as, e.g., furniture are augmented with computational

functionality in order to add value with respect to cooperation support.

A related approach to augmented reality is the notion of tangible bits and ambient

media (Ishii & Ullmer, 1997). It is based on the idea of graspable user interfaces
(Fitzmaurice et al., 1995) where a physical “brick” can be used to manipulate a virtual

object. Tangible bits was also inspired by the “marble answering machine” developed

by Bishop (see Poynor, 1995) where incoming phone calls are indicated by (physical)
marbles which can be placed on a specific area for playing the message. While these

interfaces are concerned with foreground activities of users, ambient displays – real-

ized as elements in the periphery of the architectural space – provide interfaces to

background information (Ishii & Ullmer, 1997).

Our “Passage” mechanism is also inspired by the “marble answering machine” but

it extends this idea by using physical objects not only as representatives for digital

information but also as means for physical transport of information between different

roomware components, e.g., the DynaWall and the InteracTable.
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5.2 Ubiquitous Computing, Multiple Devices

Pursuing the approach of augmented reality seriously implies to have many, loosely

spread and networked information devices around, with displays of different sizes,

instead of a (central) desktop computer. This is the concept of ubiquitous computing

(Weiser, 1991, 1993) and – in a related way - of ubiquitous media (Buxton, 1997).

Some of the devices will stand out and be recognized as computers, others will be

“invisible” as they are embedded in the environment. Our roomware approach con-

centrates especially on integrated devices that are embedded in furniture, like chairs

and tables, as well as in architectural elements of buildings, such as doors or walls.
Once the physical space is filled with multiple devices, the issue arises on how to

transfer information between them in an intuitive and direct way and, more general,

how to interact with them. This problem is addressed, e.g., by the “pick-and-drop”

technique (Rekimoto, 1997, 1998 in this volume). We address these challenges by a

similar technique called “take-and-put”; furthermore by throwing and shuffling of

information objects, especially on large displays, and by our “Passage” concept for

the physical transportation of information.

5.3 Collaborative Workspaces

With respect to existing work in computer-supported cooperative work, especially
meeting support systems as, e.g., CoLab (Stefik et al., 1987), GroupSystems (Nu-

namaker et al., 1995), ShrEdit in the CREW Lab (Olson et al., 1993), Tivoli (Peder-

son et al., 1993), and our own previously developed DOLPHIN system in the

OCEAN Lab (Streitz et al., 1994, 1997), our new approach is different because of the

notion of dynamic offices and mobile roomware components. This allows flexible and

dynamic creation and allocation of workspaces in different parts of a room in corre-

spondence with the current mode of the group activity instead of having a fixed setup

of chairs around a static table. It enables new methods of establishing cooperation and

sharing of information, e.g., by simply moving chairs in close spatial proximity in

order to form a subgroup. Thus, initiating cooperation between two or more people

can be based on an intuitive and natural physical movement instead of selecting pa-

rameters in a number of menus and dialogue boxes.
Other relationships concern the type of work supported and the type of software

used for this support. With respect to supporting creative work, the most common

technique is brainstorming. It has been demonstrated that computer-supported brain-

storming results in more number of ideas than verbal brainstorming. One reason

among others is that the possibility of parallel input decreases production blocking
(Gallupe et al., 1991). GroupSystems (Nunamaker et al., 1995) and ShrEdit (Olson et
al., 1993) are examples of systems supporting brainstorming.

There are limitations with existing systems we like to overcome. We will provide a
suite of creativity techniques which can be combined in a flexible and seamless way.

Furthermore, existing systems are usually limited to text items. Another issue is the

flexibility of the available structures in order to overcome the limitations of more or

less flat or hierarchical list structures. This will be partially based on our previous
work by using hypermedia structures for the underlying representation (Streitz et al.,
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1994) but we will complement it by new concepts. Therefore, as part of our approach

in i-LAND, we plan to develop new visualization metaphors for presenting content
and structures of our “interactive landscape for creativity and innovation”.

6 Conclusions and Future Work

We have presented a comprehensive approach for the integrated design of real archi-

tectural spaces and virtual information spaces. The central idea is the concept of

roomware components facilitating interactive and cooperative functionality at every

place in a cooperative building. This paper described the current state of the design

considerations, the first realization of roomware components and the requirements for

the software currently under development.

Since the described components of i-LAND introduce new, to some degree unfa-

miliar forms of human-computer interaction, there is a need to evaluate their useful-

ness and their usability in a systematic fashion. Since i-LAND offers various configu-

rations and combinations of the components, we have to evaluate also how to match

different cooperation scenarios with different roomware configurations and to investi-

gate their influence on the work processes. This evaluation effort is an important

aspect of our iterative design cycle.
For updates of the work on i-LAND and related activities in the AMBIENTE Divi-

sion at GMD-IPSI, please visit our website: http:// www.darmstadt.gmd.de/ambiente/
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Abstract. We envision that the architectural space we inhabit will be a new form

of interface between humans and online digital information.  This paper discusses

Ambient Displays: a new approach to interfacing people with online digital in-

formation.  Ambient Displays present information within a space through subtle

changes in light, sound, and movement, which can be processed in the back-

ground of awareness.  We describe the design and implementation of two example

Ambient Displays, the ambientROOM and Ambient Fixtures.  Additionally, we

discuss applications of Ambient Displays and propose theories of design of such

interfaces based on our initial experiences.

Keywords. ambience, awareness, attention, periphery, ambient displays, grasp-

able media, physical interface

1 Introduction

Ambient \Am"bi*ent\, a. Surrounding, encircling, encompassing, and environing.
-Oxford English Dictionary

Nature is filled with subtle, beautiful and expressive ambient displays that engage

each of our senses. The sounds of rain and the feeling of warm wind on our cheeks

help us understand and enjoy the weather even as we engage in other activities.

Similarly, we are aware of the activity of neighbors through passing sounds and shad-

ows at the periphery of our attention.  Cues like an open door or lights in an office

help us subconsciously understand the activities of other people and communicate our

own activity and availability.

Current personal computing interfaces, however, largely ignore these rich ambient

spaces, and resign to focusing vast amounts of digital information on small rectangu-
lar windows.  Information is presented as “painted bits” on flat screens that must be in

the center (foreground) of a user’s focus to be processed (Fig. 1).  The interactions

between people and digital information are now almost entirely confined to the con-
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digital worldphysical world

Fig. 1. Personal Computing: Look-

ing through a small window

ventional GUI (Graphical User Interface) comprised of a keyboard, monitor, and

mouse.
Ambient Displays takes a broader view of display than the conventional GUI,

making use of the entire physical environment as an interface to digital information.

Instead of various information sources competing against each other for a relatively

small amount of real estate on the screen, information is moved off the screen into the

physical environment, manifesting itself as subtle changes in form, movement, sound,

color, smell, temperature, or light. Ambient displays are well suited as a means to

keep users aware of people or general states of large systems, like network traffic and

weather. We believe that this approach will be a critical step in moving beyond cur-

rent interface limitations.

Ambient displays are envisioned as

being all around us. They are suited for
the home environment and everyday life.

People have a need to feel connected to

others, especially loved ones, and

ambient displays can aid in this

connection. Other well suited spaces

include highly specialized environments

where many streams of information need

to be constantly monitored.  Examples

might include an aviation cockpit, an

atomic power plant control room, or a

car. Further, we envision ambient media
stretching out towards everyday life, being

incorporated into people’s workplaces, and into future visions of wearable computers

people might have on their bodies.

Two projects that explore the Ambient Displays concept are the ambientROOM

and Ambient Fixtures.  We will discuss their motivation, implementation, and appli-

cation, and further attempt to tease out lessons we have learned through their creation.

2 Related Work

2.1 Tangible bits

Ambient Displays is part of our broader “Tangible Bits” vision that blurs the bound-

ary between the physical and digital worlds to create an interface between humans

and digital information in cyberspace.  We are turning each state of physical matter -

not only solid matter, but also liquids and gases - within everyday architectural spaces

into interfaces (Ishii & Ullmer 1997).

The key ideas of “Tangible Bits” are concepts of graspable media and ambient me-

dia (Fig. 2).  We are developing ways to:
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� allow users to grasp and manipulate bits (digital information) with their hands at

the center of attention, and

� enable users to be aware of background bits at the periphery of perception using

ambient media.

2.2� Awareness in human computer 
interaction

Awareness is the state of knowing about the

environment in which you exist; about your

surroundings, and the presence and activities

of others. Awareness is essential in

collaboration to coordinate the activities in a

shared workspace. Awareness support

discussed in the Computer Supported

Cooperative Work (CSCW) community has

focused on the representation of the state of

collaborators in a geographically distributed

context.  Technological devices such as

remote cursors, multiple scroll bars, audio cues, and low framerate video have been

proposed to support the awareness of remote collaborators’ activities. Dourish and

Bly’s Portholes project (1992) is an example of an awareness support system using

low resolution, low framerate video.

Our notions of ambient media were, in part, inspired by the Fields and Thresholds

work of Dunne and Raby (1994) and the Live Wire of Jeremijenko (Weiser, Brown

1995). These projects explored a theme of peripheral awareness of external activity,

especially of activity attributable to people. The AROMA project (Pederson &

Sokoler, 1997) further investigates ideas of peripheral awareness. These researchers

share many of our ideas, especially with respect to the use of subtle and abstract dis-

plays.
In this paper, we present a new kind of awareness support methodology, including,

but not limited to, the “awareness” of people’s activities.  Rather, we extend them to

include dynamic information systems, such as weather, stock values, and network

traffic.

2.3� Cognitive science theories related to ambient displays

In designing the interface that humans use to access computation, the fundamental

human issues of attention, perception, and mental representation come into play.  In

fact, these factors are central to how humans use an interface tool, yet, in the field of

cognitive science, attention, perception, and representation building remain relatively

illusive and mysterious.
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In designing ambient displays, we have looked at two bodies of research about

humans.  First is the “ecological” perspective, as put forth by such psychologists as
J.J. Gibson (1979) and Ulric Neisser (1972). Gibson and Neisser have written exten-

sively about humans within the natural world. Their work, consequently, has focused

on perception as an active task that humans engage in within their environment. Gib-

son introduced the theory of “affordances”, which is central to our ideas on physical-

ity and control.

The second body of literature that has driven our designs draws from attention

studies in experimental psychology. Especially relevant is the notion of the “cocktail

party effect”- the ability of a person to selectively move his or her attention around a

busy environment (Cherry, 1953). One goal in designing ambient environments is to

exploit this human capability. We also examined the divided attention studies of Tre-

isman, Rensink, and others. Treisman’s work shows that information can be proc-

essed, even if it is not in the foreground of a person's attention (1960). Rensink and
others have tried to more systematically explore how attention can effect the percep-

tion of a scene (1997). While significant strides have been made in understanding the

basic ways attention works, very few experimental results can be easily applied to

complex, chaotic environments.

3 The ambientROOM

The ambientROOM is based on the Personal Harbor™ product from Steelcase Corp.,

a 6’x8’ enclosed mini-office installation (Fig. 3). The ambientROOM surrounds the

user within an augmented environment – “putting the user inside the computer” – by

providing subtle, cognitively background augmentations to activities conducted

within the room.

We developed the

ambientROOM as a platform

supporting the expression of online

digital information with  “ambient

media” – ambient light, sound,

airflow, and physical motion used

as peripheral displays at the
background of user attention.

3.1� Human activity awareness

People have a need to feel

connected to others, especially,

people they care about. Yet, some

people argue that personal

computing isolates people. Ambient media can be used to create a persistent, yet non-

intrusive connection between loved ones, bringing people a sense of community

through shared awareness.

Fig. 3. ambientROOM based on Personal

Harbor™ (Steelcase)
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Many of our prototypes are centered on this kind of information. Connecting peo-

ple is an attractive, powerful application of networked technology that has shown its
usefulness in forms like email, paging, and telephones. Our work extends these ideas

by connecting people through their physical environment.

Water Ripples
One display in the ambientROOM allows the user to have some awareness of the

activity of a distant loved one. For our first instance, we expressed the activity of a

resident hamster in our laboratory, for which cage temperature, light level, and wheel

motion had already been instrumented and displayed on a web page.

Initially, a small, motorized representation of the hamster was configured to vibrate

as the hamster’s wheel rotated. This type of display proved somewhat intrusive, so

alternate display mappings were explored. Now, the hamster representation could be

grasped by the user and pointed at the ceiling of the room. This action “transfers” the

vibration to the motion of a solenoid in a shallow water tank. A lamp reflecting off of

the water then produces rippling shadows on the ceiling.

Active Wallpaper
Another display also provides

awareness of the physical presence of

others. Electric field sensors are used

to measure the level of human activity

in a work area. They are setup to sense

the number of people in an area, and

how often people generally come and

go. This activity is represented by a

pattern of illuminated patches

projected onto an inner wall of the

ambientROOM. When activity is low,

the movement of these spots is

minimal, but as activity levels increase,

so does the motion of the spots, providing a visual display of remote activity.

Ambient Sound
Auditory displays have been implemented as well. A soundscape arises out of activity

on the digital whiteboard in our group’s workspace. When the board is in use, the

sounds of the dry-erase pens rubbing against the board are transmitted into the ROOM

in a low-volume, subtle way.  This gives the inhabitant of the ROOM some awareness

of activity in the central workspace.

All of these examples have concerned awareness of a local event. However, we are

particularly interested in relating global events to our local space.

natural
sound-
scapes

light
patches

bottles

clock

water
ripples

Fig. 4. Ambient media displays and controls
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3.2� Global system awareness

The “awareness of people” application can be extended to monitor large systems of

people, or behaviors that arise out of other large systems. Ambient displays could be

suited to display general trends of stock values for a trader, network traffic informa-

tion for a system administrator, and so on.
Another particularly interesting application to display is information about natural

phenomena, such as atmospheric, astronomical, or geographical events. Displays such

as these can give people an indication of the state of the world around them.

The ambientROOM contains a subtle but audible soundtrack of birds and rainfall,

whose sound volume and density are modulated in conjunction with variations in

room lighting. Thus, approximate quantities can be monitored with this display, for

instance, the number of unread email messages or the level of a stock portfolio. Also,

in this instance, the lighting in the ROOM changes according to the time of day.

It should be noted that GUI interfaces and ambient interfaces do not comprise a di-

chotomy of purpose and function. Subtle, background ambient displays are meant to

co-exist with, and complement, foreground tasks. Also, background displays can

move into the foreground, and vice versa.  Users control this through their personal
state of awareness, and sometimes, through physical controls.

3.3� Controls

To provide a means of controlling the ambient activity displays, several activity con-

trols were deployed in the ambientROOM. Small physical bottles are employed as

graspable “containers” for digital content, such that opening a bottle “releases” infor-

mation into the ROOM. One bottle contains information about the load on our com-

puter network, and when opened, that data is represented in the ROOM as the sound

of vehicular traffic.

A second activity control, a large wall-mounted clock with exposed hands, allows

navigation through temporal events. A user recently absent from the room might wish

to review activity displays from the past few hours, or skim forward in time to peruse

anticipated events. In response to manipulation of the clock’s time, the ambient-

ROOM prototype shifts through the ambient sound and lighting displays of past
hours.

We try to build controls to be self-explanatory. The gesture of opening and closing

a bottle is a simple way of accessing information. The physical rotation of clock

hands is equally simple and powerful. We envision that physical controls will be

widespread in future environments, and will incorporate easy-to-use, gestural inter-

faces like the ones found in the ambientROOM.

3.4� Implementation

The implementation of the ambientROOM is designed to support quick prototyping.

The ROOM is enabled with a host of products such as samplers, synthesizers, light-

ing-control boards, and software that allows easy synchronization of many media
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elements. Sensing and display in the ambientROOM are coordinated with Opcode’s

MAX software running on a Macintosh. MIDI-controlled dimmers adjust room light-

ing, a sampler manages sound playback, and rotation and electrical contact sensors

monitor manipulation of the clock and bottle. An electric field sensing unit is used to

monitor human movement in surrounding spaces. Video projectors augment the

ROOM’s clock, walls, and desk surface.

4 Ambient Fixtures

Ambient Fixtures are standalone ambient media displays. We have taken concepts

developed within the ambientROOM, and have moved them out into an open space,

inhabited by many people. In the ambientROOM, the user is “inside the computer,”

while Ambient Fixtures allow us to externalize the displays and distribute them

throughout an architectural space.

We have implemented two Ambient Fixtures: the Water Lamp and Pinwheels. The

Water Lamp is an extension of the ceiling water ripples of the ambientROOM and the
Pinwheels explore ideas of physical movement as a display medium.

4.1� The Water Lamp

The first ambient fixture we developed is the Water Lamp (Fig 5). A light shines

upward through a pan of water, which is actuated by changing information.  This

action produces changing patterns of light projected onto the

ceiling of a room.

The Water Lamp is composed of a wooden base, 3 aluminum

support tubes and an acrylic water tray.  There are 3 small

Shindengen 6V solenoids mounted above the water tray.  These

solenoids are controlled by a single circuit board.  When actuated

the solenoids tap on the surface of the water in the tray, causing
ripples. The refracted light is shown as wave-like patterns on the

ceiling.

The Ambient Fixtures are based upon a common control

platform- the iRX 2.0 PIC Microcontroller Board designed at the

MIT Media Lab by Robert Poor.  The iRX board accepts

commands over a serial input line from a computer to control each

fixture. This allows us to distribute fixtures throughout our

research space. TCL based software sends commands to the

Fixtures. Information can be relayed from the internet or other

networked information source and be routed to the appropriate

fixture.
Fig. 5. Design

sketch of the
Water Lamp
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4.2� Pinwheels

The pinwheels evolved from the idea of using airflow in the ambientROOM (Fig. 6).

We found that the flow of air itself was difficult to control, and hence, became a

problematic tool with which to convey information. As an alternative, we found that

the visual representation of airflow could be quite useful. The pinwheels spin at dif-

ferent speeds based upon their input information source.
The pinwheels are made from folded fiberglass mounted on the shaft of a small

Mabuchi 5.9V DC motor.  Four pinwheels were connected to each iRX control board.

Pulse width modulation controls the speed at which the motors spin.

Ambient Fixtures are especially suited to the

display of information like natural phenomena,

such as atmospheric, astronomical, or geographical

events. For instance, an atmospheric scientist might

map patterns of solar wind into patterns of

Pinwheel flow in a room. Other users might want to

be aware of tension in the Earth’s fault-lines, giving

an indication of earthquake activity. They could

represent this through an array of Water Lamps. In
ways like these, ambient media can provide a

means for people to feel connected to the world around them.

5 Discussion

Our explorations have given us insight into many research issues that arose in de-

signing ambient displays. In this section, we will discuss some of these issues.

5.1� Mapping of information sources

In the presentation of ambient media, one of the key elements is the modality chosen

to present a source of information.  Information can be presented through any of the

five senses, and the choice of which sense or senses to use at any given time is one of

the first key choices in designing an interface.

The choice of modality for the background media should be considered with the

person’s foreground task in mind. For example, if a person is in their office perform-

ing a visually intensive foreground task- say, writing software- a visually based ambi-

ent display on the wall behind the person might not be as effective as an auditory
display. Similarly, when a person is performing an intensive auditory task, like talking

on the phone, ambient information might be better presented through non-auditory

ways, or for example, in visual ways like shadows on a wall. However, if the modality

and spatial configuration of a particular ambient display is substantially altered during

the course of use, people may become confused about the display mapping being

employed.

Fig. 6. Array of Pinwheels
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The mapping of data from information source to ambient display is a key consid-

eration and challenge for ambient media. Whether it is sensors picking up activity of a
person, or streams of data coming from dynamic natural systems, at the base level,

almost all sources of information are represented by a computer as a stream of num-

bers. A designer of ambient media must transform the data into a display that success-

fully maps the information into a new form. The designer must decide how the source

gets mapped and the location of where it gets mapped (i.e. where in visual, tactile, or

audio space).

We expect that some styles of mappings will be more effective than others. For in-

stance, many people reported that the sampled, looped sounds of water in the ambi-

entROOM became annoying after months of repetition. In particular, sounds that are

looped in some kind of discernable way tend to become annoying very quickly. In

contrast, MIT Media Lab researchers Tom White and David Small (1997) created a

project called “Stream of Consciousness” which employed a real stream of water
flowing down a bed of rocks. The physicality in this project creates a kind of acoustic

noise that most people seem to prefer.

Choices have also been made between abstract and literal displays. For the “active

wallpaper” in the ambientROOM, fuzzy spots represent the movement of people. We

also experimented with placing a far-infared camera in the space being monitored,

and projecting its out-of-focus image on the wall of the ROOM. Many people thought

the camera-based display felt intrusive, as the mapping was too literal and privacy had

not been respected. Because of issues like this, we have focused thus far on more

abstract display mappings. Still, we recognize that displays must not be so abstract

that users cannot infer their meaning.

5.2� Thresholds / transition from background to foreground

Ambient displays go largely unnoticed until some unexpected thing in the display

makes it come into the foreground of attention. Depending on a user’s state of atten-

tion, there exists a threshold where this background to foreground transition is made.

In a few cases during our design explorations, it became apparent that the ambient-

ROOM was too “busy”.  At times when all the displays were running at once, the

ROOM was so full of brisk activity, that people had difficulty maintaining concentra-

tion on a foreground task. Many media elements going at once caused each display to

exhibit a lower threshold for the background to foreground transition, creating an

“information overload” effect.

In an effort to better control the output of our displays, experiments are being done

that test the thresholds of each design instance, and how they change when used in

conjunction with each other.  These experiments examine changing modalities of

background information based on a person’s foreground task.

5.3� Learning effect

Ambient media likely has a learning effect: like driving a car, after a while, a person’s

perception changes based on his or her familiarity with the environment. Just like a
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car driver knows how to switch from the gas to the brake while turning the radio sta-

tion, we expect a person in an ambient environment will learn how and where to look

for information.  The length of time a person spends in the environment will likely

influence the person’s facility for using it. We wish to further study how quickly a

person can “get up to speed” in different kinds of ambient environments.

6 Conclusion

When ambient media is fully assimilated into future environments, appliances of all

kinds may likely change.  Air-conditioners may be computationally enabled to change

the flow of air to convey information.  Lamps bases may not only hold a light bulb in

place, but will contain processors and motors so that the light can become a display

medium.

The function of many common appliances may be extended to connecting people

with information they otherwise would not be able to perceive, or at least not be able
to get in such an easy fashion.  We do not intend to distance people from their imme-

diate environment even further.  Ambient media should allow for further and in-

creased coincidence of human interaction, rather than less. We seek to determine what

kinds of interaction ambient media really promotes, and how we can design displays

to promote human interaction, rather than detract from it.

We have discussed the motivation, implementation, and applications behind our

ambient displays. We have also attempted to identify lessons we have learned through

our work. Many more studies need to be done before a solid theory will arise, and

hopefully, our work will help guide others along with us in this pursuit.
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Abstract.  Traditional graphical user interfaces (GUIs) are mainly designed for

an environment consisting of a single display and a set of single input devices.

However, in the near future we will be using a number of computers (and other

electronic devices).  Just as we often combine several physical devices to per-

form a task in a real world, it should also be possible to use multiple computers

more effectively.  This paper proposes the notion of multiple-computer user in-

terfaces in a future cooperative environment.  We also describe an interaction

technique that allows a user to transfer digital information to other electronic

devices placed in a physical environment, and a digital whiteboard system that

effectively uses a multiple-device architecture.

Keywords. multiple-device user interfaces, ubiquitous computing, pick-and-

drop, digital whiteboard systems, cooperative buildings

1 Introduction: From a single-device UI to a multi-device UI

As Mark Weiser (1991) and many other visionaries foresaw, our physical space will

be filled with a number of digital devices.  Some of them will be invisible (i.e., em-

bedded in the environment); others will remain visible like today’s desktop comput-

ers.  In a meeting room today, for example, participants often use a notebook PCs

while presenters use a digital whiteboard. Even now, in individual work environ-

ments, we often use more than one computer at a time (such as a desktop PC and a

PDA).

In our daily lives, it is natural to combine several physical “tools” to achieve a task.

However, it is not so easy to combine multiple computers and devices.  One reason is

that computers (and other electric devices) are not designed to be used in multiple-

computer (multiple-device) environments.  For example, even simple GUI techniques

such as cut-and-paste or drag-and-drop do not work across computer boundaries.
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Fig. 1 shows a typical difficulty one encounters when using more than one computer.
The user here reads a text segment such an URL on the left display, and then types it

into the computer at the right, even though these two computers are connected to the

network.  Since there is no easier way (such as drag-and-drop) to transfer data be-

tween the two, he prefers to transfer the data by hand.  One survey revealed that more

than 60% of the software engineers in Sony’s development division experience simi-

lar problems.

We believe that future computer interfaces must be designed to be used in a multi-

ple-computer (or multiple-device) environment.  More specifically, interaction tech-

niques must overcome the boundaries among multiple devices, and that environments

must accommodate to the dynamic addition of new devices.

Another important issue is a physical aspect of computer devices.  For example, we
can not simply apply the same UI design for small (palmtop sized) and large (wall-

sized) computers,  just as memo-pads and whiteboards are used quite differently in

our everyday world.  Physical position and direction of computer devices are also

important.  A display in a public meeting space would be used as a shared digital

bulletin board for a group, while a small screen device attached on the wall of a per-

sonal work space would show schedule of  an individual.  When a table-top becomes

a computer display, it would be meaningless to add a “menu-bar” on top of the (table)

screen, because there is no notion of “upper-side” of the computer display.

In this paper, we describe our recent attempts in designing interaction techniques

and systems based-on the notion of multiple-computer user interfaces.  In the next

section we will discuss a data-transfer technique (called Pick-and-Drop) between

multiple computers,  followed by a description of a digital whiteboard design using
the multiple-device approach.

Fig. 1.  Data transfer through the human body?  A typical difficulty when dealing with two

or more computers in a same place.
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2 Pick-and-Drop: An interaction technique for transferring
digital information in a physical environment

The Pick-and-Drop is our initial attempt to design a multiple-computer user interface

(Rekimoto 1997), focusing on data transfer problems in multi-comp environments.

Like the commonly used drag-and-drop, pick-and-drop is a pen-based direct manipu-

lation technique for transferring digital data such as icons on a computer screen.

Unlike drag-and-drop, pick-and-drop allows a user to physically pick up a digital

object from one screen, carry it through real space, and drop it in a different place, or

even on a different computer screen.  Just like chopsticks are used for moving a piece

of food from one dish to another, pick-and-drop provides a method whereby a user

can physically carry data as if it were a real object.

Although these operations can also be implemented by using remote copy or

shared file systems, we feel that pick-and-drop offers more natural and direct way to
manipulate a digital object in a real space.  Using traditional data transfer methods,

users have to deal with many symbolic concepts such as machine names, file names,

and directory path names, even if target computers are physically placed side-by-side.

On the other hand, data transfer with pick-and-drop is more direct and visible as op-

posed to symbolic.  Users can be aware of physical position on computer screens,  just

like moving a physical object in a real world.

Fig. 2. Pick-and-Drop supports data transfer among multiple devices through the physical space

We developed the multi-computer Pick-and-Drop without adding actual storage
capabilities to the pen device, by introducing the concept of Pen IDs.  In our design,

each pen is assigned a unique ID.  We are currently using a combination of modifier

buttons (attached to the pen as a side switch) to represent IDs.  Based-on the WA-

COM electromagnetic stylus technology, this pen ID as well as the pen position is

readable from the computer (screen) when a pen is closer enough to its screen. We

also assume that all computers are connected to the network (either wired or wire-

less). There is a server called the “pen manager” on the network.
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When a user taps an object (typically an icon) on the screen with the pen, the pen

manager binds its object ID to the pen ID.  This binding represents a situation in

which the pen virtually holds the object (even though the pen itself does not contain

any storage). When the user moves the same pen towards the other display, the pen

manager supplies the type of the bound object to the display.  Then the data icon with

shadow appears on the display below the current pen position to show the data the pen

is holding, before actually dropping it on the screen (Fig. 3).  At this moment, the pen

does not touch the screen.  Finally, when the user touches the display with the pen, the

pen manager asks the first computer to transfer the data to second computer.

Since each pen has its own ID, simultaneous Pick-and-Drop operations by more

than one pen can overlap. This feature would be useful in a collaborative setting.

3 Applications of Pick-and-Drop

Once data transfer between multiple devices becomes widely available, we will have

greater flexibility in designing a physical work environment by combining multiple

digital devices (Fig. 4 shows typical usage of pick-and-drop between different types

of computers).  For example, a computer augmented drafting desk could consist of a

large main display and several small palm-sized computers.  These small computers

would act as temporary work places for drawing data (i.e., tangible paste buffers), tool

palettes, or data-carrying devices to store and transfer drawing materials.  The user

could physically deploy these small devices around the main display to configure

Fig. 3.  A data icon with shadow indicates pen holding data without dropping it on the

screen. (left: the pen touches the screen, and dragging an icon, middle: the pen is holding

data near the screen, and an icon with shadow appears on the screen to show the pen’s data
type,  right: the pen moves away from the screen, and the icon disappears)

Display
Surface
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his/her own work environment.  Data transfer among all the devices would be sup-

ported by the pick-and-drop.

We also have implemented data transfer from paper materials to digital surfaces

using a combination of a tablet and a camera (Fig. 5).  The printed page is placed on a

pen sensitive tablet and a camera is mounted over the tablet. The camera is used to

identify the opened page by reading an ID mark printed on it.  The user can freely flip

through the booklet to find a desirable icon.  The system determines which icon is

picked based on the page ID and the picked position on the tablet.  With this technol-

ogy, even physical material such as clip-art books can be a part of a multiple-

computer environment.

Fig. 4. Applications of Pick-and-Drop (left: transferring data between two PDAs, right: pick-

ing up information from the kiosk terminal)

Fig. 5. PaperIcon:  Data transfer between printed material and a computer screen.
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4 Applying a Multi-computer Configuration to a Digital
Whiteboard Design

Another possible multi-device configuration is to use a hand-held tablet as a support

for large (whiteboard-sized) display interfaces (Rekimoto 1998).
Traditional digital whiteboard systems such as Xerox LiveBoard (Elrod et al.,

1992) often suffer from a limited capability to enter text and the handling of existing

data.  The large display surface of the whiteboard also makes traditional GUI design

ineffective.  For example, placement of menu bars or tool bars becomes a problem
because they might be out-of-reach from users.  Single thread features of current GUI

design also prohibits parallel activities among collaborators.

Existing digital-whiteboard systems have tried to address these problems by en-

hancing the design of user interfaces only on a whiteboard.  However, we feel that if

some of the whiteboard functions were given to the participants via hand-held de-

vices, it would offer a simple, yet powerful solution to these problems.

Based-on this multiple-device design, we have developed a digital whiteboard

system using a palm-sized computer as a control palette (Fig. 6).  The user can select

a color and brush type for the pen by tapping the control panel on the palm-sized

Fig. 6. A digital whiteboard system using the multiple-device architecture.  Just as an oil-

painter effectively uses a palette in his/her hand, the hand-held device offers an easy way to

create a new text/graphics object, to select existing data from network, to select pen attributes,

and to control the whiteboard application.  Note that the same pen can be used to manipulate
both of the whiteboard and the hand-held computers.
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tablet.  This metaphor is similar to physical oil painting using a canvas and a palette.
This interaction style is advantageous for drawing on a large display, because users do

not have to click on a tool-palette on the whiteboard, which might be out of reach.

The user can also transfer digital data between any participating computers (e.g.,

whiteboard, palmtop, and other user’s palmtop), using pick-and-drop operations.

Fig. 7 is another variation of a digital whiteboard that also employs a multiple-

device configuration.  This setting is designed for a lecturer in a classroom.  The sys-

tem allows a lecturer to select and attach data elements from the screen of the Pilot

PDA in the left hand to the whiteboard.  A lecturer can freely decide which data

should be displayed next, according to the flow of his/her talk.  The lecturer can also

add hand-drawn diagrams or texts using a pen in his/her right hand.  The result be-

comes a mixture of a whiteboard-based lecture style with digital presentation infor-
mation.  Such an effect can not be realized by using only traditional presentation

software.

Fig. 7. A lecture-style session using a PDA in the left hand and a digital pen in the right hand.

A lecturer can select text or graphics items using a PDA, then paste it on the whiteboard with

the left hand.  Note that the PDA contains a position sensor and the user can specify the paste
position by placing the PDA on the whiteboard.
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Fig. 8. A prototype data picking wand

5 Summary and Future Projects

In this paper, we have argued the importance of multiple-computer user interfaces in

future cooperative environments.  We also have described an interaction technique

based on a metaphor of digital-physical fusion, called the Pick-and-Drop, with several

example applications. We are currently working on extending the concept of infor-

mation picking to the more general domain.

Fig. 8 Shows the prototype data picking “wand” --- a new style of future PDAs.
Using the combination of camera and infrared sensors, it supports data transfer be-

tween several digital devices (e.g., VCR and computer) as well as non-digital materi-

als (e.g., a physical bulletin board and a document cabinet) in our daily environment.
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Abstract. This paper presents our laboratory’s Intelligent Room, an experi-

mental environment for bringing computation into the realm of ordinary, every-

day activity and enabling natural human-computer interaction.   We first present

the notion of an Intelligent Environment and describe how it differs from other

paradigms in human-computer interaction.  We then discuss our Intelligent

Room’s hardware and software components and one of the room’s current ap-

plications. We also outline criteria for designing and evaluating highly interac-

tive spaces.

Keywords. intelligent environments, cooperative buildings, artificial intelli-

gence, embedded computation

1 Introduction

This paper presents an existing prototype environment, known as the Intelligent

Room, which attempts to bring computation into the realm of ordinary, everyday

activity in a seamless way.  The Intelligent Room is a research platform for exploring

the design of intelligent spaces and was created to experiment with different forms of

natural human-computer interaction during what is traditionally considered non-

computational activity.  It is equipped with numerous computer vision, speech and

gesture recognition systems.  These allow the room to watch where people are mov-

ing and under certain circumstances where and how they are pointing, and to listen to

a fairly wide variety of spoken language utterances.  The room is also capable of

controlling a wide range of software applications, e.g., web browsers and interactive

maps, and physical hardware including several VCRs and steerable video cameras.

We have created several environments that run within the Intelligent Room, rang-

ing from an intelligent living room to a futuristic command post for planning disaster

relief.  The goal of implementing these interactions is to explore and help define what
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an intelligent environment should be and to determine what roles such environments

could potentially play in our lives.
In this paper, we first define the notion of an intelligent environment and how it

differs from other embedded and multimodal systems and more generally from other

paradigms in human-computer interaction. We then describe our laboratory’s Intelli-

gent Room hardware and software components as well as a current room application.

We next detail unique issues encountered while building these interactive, multimodal

systems as well as issues that should be considered during their design.

2 Motivation

Intelligent environments (IEs) are spaces in which computation is seamlessly used to

enhance ordinary activity. One of the driving forces behind the emerging interest in

highly interactive environments (Bobick et al., 1996; Coen, 1997a; Coen, 1997b;

Coen et al., 1998; Cooperstock et al., 1997; Torrance, 1995) is to make computers not

only genuinely user-friendly but also essentially invisible to the user.  Interaction with

them should be in terms of forms that people are naturally comfortable with.  The

user-interface primitives of these systems are not menus, mice and windows but ges-

ture, speech, affect, and context. Their applications are not spreadsheets and word

processing but intelligent rooms and personal assistants.  At least in theory, it should

be possible for a person to forget she is using a computer while interacting with one.

Intelligent environments are both embedded and multimodal and thereby allow

people to interact with them in natural ways.  By being embedded, we mean these

systems use cameras for eyes, microphones for ears, and ever-increasingly a wide-

range of sophisticated sensing technologies to connect with real-world phenomena.

Computer vision and speech recognition/understanding technologies can then allow

these systems to become fluent in natural forms of human communication.  People
speak and gesture and move around when they intercommunicate.  For example, by

embedding user-interfaces this way, the fact that people tend to point at what they are

speaking about is no longer meaningless from a computational viewpoint and we can

build systems that make use of this information.  In some sense, rather than make

computer-interfaces for people, we want to make people-interfaces for computers.

Coupled with their natural interfaces is the expectation that these systems are not

only highly interactive (i.e. they talk back when spoken to) but also that they are use-

ful for ordinary activity.  They should enable tasks historically outside the normal

range of human-computer interaction by connecting computers to naturally occurring

phenomena that have traditionally been outside the purview of contemporary user-

interfaces. Rather than restrict computers to the backwaters of data processing, we
envision them as active partners in everyday life that are conversant with the phenom-

ena with which we are innately familiar and in which we experience our lives.  Thus,

once we build systems that can understand events patently obvious to any five-year-

old child (such as someone walking into a room), we can create applications that
extend into the real world in a way never before possible and perhaps never even

previously conceived of.
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2.1 Why this isn’t Ubiquitous Computing

Intelligent environments require a highly embedded computational infrastructure;

they need many connections with the real world in order to participate in it.  However,

this does not imply that computation need be everywhere in the environment nor that

people must directly interact with any kind of computational device. Our approach is

to advocate minimal hardware modifications and “decorations” (e.g., cameras and

microphones) in ordinary spaces to enable the types of interactions in which we are

interested.  Rather than use the computer-everywhere model of ubiquitous computing

– where for example, chairs have pressure sensors that can register people sitting in

them or people wear infrared-emitting badges so they can be located in a building –

we want to enable unencumbered interaction with non-augmented, non-computational

objects (like chairs) and to do so without requiring that people attach high-tech gadg-

etry to their bodies (as opposed to the approach in (Want et al.)).
There are several motivations behind our approach.  The first is that unlike Weiser

(1991), we make unabashed use of research from the Artificial Intelligence (AI)

community.   Many AI research areas have achieved sufficient maturity to offer use-

ful, standalone subsystems that can be incorporated into larger, general-purpose proj-

ects.  For example, up until quite recently, real-time computer vision systems were

inordinately expensive and computationally dependent on physically large worksta-

tions.  (The earliest person tracking system in the Intelligent Room required a Silicon

Graphics Reality Engine and two additional Indy workstations.)  However, it is now

possible to set up sophisticated, real-time computer vision systems on inexpensive,

readily available platforms.  The proliferation of these systems has led to a flourishing

in computer vision research and to useful, stand-alone systems.

Although a pressure sensor on a chair may be able to register that someone has sat

down, it is unlikely to provide other information about that person, e.g., her identity.

Visual data from a single camera can provide (in theory and increasingly often in

practice) far more information than simple sensing technologies.  This includes the

person’s identity, position (DeBonet et al., 1996), gaze direction (Stiefelhagen et al.,
1997), facial expression (Blank et al., 1995; Lien et al., 1997), gesture (Wilson et al.,
1998), and activity (Davis et al., 1997).  While there has yet to be a coherent system

that unifies all of these capabilities, several prototypes are currently under develop-

ment.  Furthermore, enhancing the capabilities of a computer vision system often

requires modifying only the software algorithms that process incoming images, not

adding new hardware.  Once the physical infrastructure for an intelligent environment

is installed, its visual capabilities can be updated and enhanced without necessarily

adding to or modifying the room’s sensory components.  Also, because the room

senses at a distance, objects, in particular furniture, do not need to be physically aug-

mented and wired for the room to become aware of them.

Not requiring that people attach gadgets to their bodies in order to interact with the
environment is a primary goal of this research.  While wearable sensing and comput-
ing devices (Starner et al., 1997) may be appropriate in laboratories or under other

special conditions, it seems highly inconvenient to require them in general.  Assuming

intelligent environments will ever make it out of research laboratories and into com-

mercial, government, and residential domains, it seems reasonable to suppose that
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they must feel as natural and to some degree invisible as possible.  Towards this end,

we argue that intelligent environments should not place artificial burdens on their
inhabitants, particularly when unobtrusive sensing technology can achieve the same

results.

Rather than viewing our approach as completely at odds with that of ubiquitous

computing, the two can be seen as natural complements.  Ubiquitous computing is

very much about making computation so commonplace that it is no longer obtrusive,

and intelligent environments are concerned with bringing computation into new

realms in which it has historically had no role.  Together, both approaches can go a

long way towards making computation a natural part of everyday existence.

2.2 Other Related Work

The DigitalDesk project (Wellner, 1991; Newman et al., 1992) was an early and in-

fluential system that had a bird’s eye view of a desktop through an overhead video

camera.  It recognized and responded to predetermined hand gestures made by users

while interacting with real paper documents on the surface of a desk.   For example,

people could select text on paper with their finger in the same way someone would

with a mouse on a monitor.  The primary contribution of this work was the idea of

using the physical world as its own representation in a user-interface.  The Intelligent

Room has a desktop environment directly motivated by the DigitalDesk, which rec-

ognizes a wider range of complex hand gestures (Dang, 1996).  Much other work has

built upon the DigitalDesk framework, e.g. Saund (1996).  Interactions with objects

more complex than paper are described in theory by Fitzmaurice et al. (1995) and in

practice by, for example, Rauterberg et al. (1997).

Other substantial efforts towards highly interactive environments include an auto-
mated teleconferencing office (Cooperstock et al., 1997) and an immersive fictional

theater (Bobick et al., 1996).  Each of these projects makes use of embedded compu-

tation to enable unusual human-computer interactions, e.g., vision-based person

tracking.  However their modal processing is extraordinarily specific to their applica-

tions, and the applicability of such carefully tuned systems to other domains is un-
clear.  The Classroom 2000 project (Abowd et al., 1996) is an educational environ-

ment that automatically creates records linking simultaneous streams of information,

e.g. what the teacher is saying while a student is writing down her notes on a digital

pad.  The potential for automated annotation in an intelligent environment is a prom-
ising area that deserves more exploration.

Mozer (1998) describes a house that automatically controls basic residential com-

fort systems, such as heating and ventilation, by observing patterns in its occupants

behavior.  Having complex interactive environments learn via observation is likely to

be essential to making them generally useful.  Given that VCR programming is still a

subject of general mirth, the prospect of programming homes is likely to cause wide-
spread consternation.  Paradiso et al. (1997) present the sensory component of an

immersive musical environment that combines a touch-sensitive carpet with a Dop-

pler radar system. Together, these locate people moving on the carpet and measure

their upper-body kinematics in order to create musical sounds. How this system

would be applied to other application domains remains to be determined.
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Related user-interface work such as (Cohen et al., 1996) uses multimodal interface

technology to facilitate human interaction with a preexisting distributed simulator.  In
doing so, it provides a novel user-interface to a complex software system, but it is one

that requires tying down the user to a particular computer and a specific application.

We are interested in creating new environments that support never before conceived

of applications – applications that historically have never involved computation.

3 The Intelligent Room

Our approach with the Intelligent Room has been to transform an ordinary conference

room into an HCI research platform that connects with real-world phenomena through

a host of computer vision, speech and gesture recognition systems.  These allow the

room to watch where people are moving and under certain circumstances where and

how they are pointing, and to listen to a fairly wide variety of spoken language com-

mands and questions.

Fig. 1.  A simplified layout of the Intelligent Room

Fig. 1 shows a simplified layout of the Intelligent Room without its furniture,

which consists of a large conference table surrounded by a number of chairs.   The

room contains several large video displays that can be driven by any of the room’s

multiple cameras, VCRs, a television tuner, or any of several workstations.  The
workstations are used in particular to display computer-controlled Web browsers or

custom graphical applications, such as interactive maps. A matrix switcher allows

arbitrary connections between the room’s audio/visual inputs and outputs.

Hardware devices in the room are computer-controlled via any of three mecha-

nisms.  The room’s lighting is controlled through a serially interfaced X-10 system.

Many of the room’s devices, including several VCRs, two matrix switchers, and three

steerable cameras, contain RS232 serial ports and directly interface with software

agents specifically written to control them.  The room can also generate infrared re-
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mote control signals to access consumer electronics items (namely, objects that don’t

have serial ports), including a television and stereo system.

3.1 Speech Input

Before a person enters the room, she dons a wireless, lapel microphone that connects

to the room’s speech recognition systems.  Although requiring the wearing of a mi-

crophone violates the spirit of an unencumbered interaction, there were no practical

alternatives for capturing users’s speech when the room was initially designed.   We

hope in the future to make use of recent work in remote sound localization and cap-

ture (Renomeron et al., 1997) to eliminate the need for every occupant to wear their

own microphone.

In general, the room ignores spoken utterances from the lapel microphones not

specifically directed to it.  To get the room’s attention, a user must stop speaking for a
second and then say, “Computer,” out loud.  The room responds with an audible

chirp (so familiar to Star Trek viewers) to indicate that it is ready for input.  She is
then free to issue a command or ask a question, such as “What’s the weather forecast
for Boston?”  The room subsequently provides an audible click to indicate that the

statement was understood.   This hands-free style of interaction along with audio

feedback allows a user to ignore the room’s presence until she explicitly needs to

communicate with it.

For processing spoken utterances, we use both the Summit (Zue, 1994) and

DragonDictate speech recognition systems in parallel. Each of these supports recog-

nition of continuous speech and some degree of word spotting. Summit is particularly

adept at providing syntactic variability and supports a topically narrow but syntacti-

cally unconstrained set of recognized utterances entered via a bigram model.

DragonDictate supports explicit construction of context-free recognition grammars

and allows external applications control over low-level aspects of its behavior. This

makes it ideal for using as a component in larger systems.  The room interfaces with

the START natural-language information retrieval system (Katz 1990) to enhance its
ability to understand complex linguistic input primarily provided as output of the

Summit system.

3.2 Computer Vision

Among the room’s primary stereo vision systems is a three camera, multi-person

tracker (Davis et al., 1997) that can follow up to four people moving in the room in

real-time. A debugging window from the tracker is shown in Fig. 2.  Because the

system is based on background differencing (shown in the bottom right window),

people seem to disappear if they stand still for too long but are relocated once they

resume motion.  This is not a problem in general, because if someone stops moving,

her position does not change, so there is no difficulty in locating her.  The tracking

system is used to identify who is interacting with particular room components, such as

the wall pointing system described below and to direct servo-mounted steerable cam-

eras so they can videotape people as they move about.
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Fig. 2. A debugging window from a three camera, multi-person tracker

To begin interacting with the room, a person would stand in the doorway and say
something such as, “Computer, hello, this is Jennifer.”  While the room greets the

person, the tracking system builds a color histogram of her clothing so it can deter-

mine her identity when she starts moving around the room.

The room has two projected video displays that allow various kinds of pointing

interactions.  A person can walk up to either of the displays and simply point at

something with her finger, e.g. a city on a map, to reference it.  This interaction is

picked up by a special set of pointing cameras mounted along the surface of the wall.

A separate vision system allows a laser pointer to be used in place of a finger.  Either

pointing system can be used to control a displayed mouse cursor, to write or draw on

the wall, or move (i.e. drag) displayed objects.

Through a ceiling mounted camera, the room can also detect when documents are

placed on the conference table in order to reorient and blow-up their images for dis-
play or OCR.  This camera is also used for tracking hand movements over the surface

of the table (Dang, 1996).  An unusual application of this system is too allow people

to assign “functions” to Post-It notes stuck on the table’s surface and by touching

them communicate with the room.

3.3 Room Control

When the Intelligent Room was in the early stages of it design and construction, the

most challenging research problems appeared to be developing its computer vision

and speech recognition/understanding systems.  What was not obvious is that inter-

connecting all of the rooms many subsystems and coordinating the flows of informa-
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tion among the room components was a non-trivial problem.  Developing a software

architecture that allowed the room to run in real-time and cope with vagaries of its

real-world interactions emerged to be one of the room’s chief research problems.

We developed a modular system of software agents known collectively as the
Scatterbrain (Coen, 1997a) to control the Intelligent Room.  The Scatterbrain consists

of approximately 30 distinct, intercommunicating software agents that run on ten

different networked workstations.  These agents’ primary task is to link various com-

ponents of the room (e.g., tracking and speech recognition systems) and to connect

them to internal and external stores of information (e.g., a person locator, the World
Wide Web) (Kramer, 1997).  Essentially, the Scatterbrain agents are intelligent com-
putational glue for interconnecting all of the room’s components and moving infor-

mation among them.

3.4 The Tour Guide Agent

The room’s most recent application provides support for someone giving tours of our

laboratory.  These tours typically involve a group of visitors meeting with a graduate

student who discusses and answers questions about the lab’s research and shows sev-

eral video clips. Rather than have these presentations given in an ordinary  conference

room, we have decided to have them in the Intelligent Room so the room can assist

the human tour guide.  A typical dialogue between the room and student tour guide is:

Tour guide: “Computer, load the AI Lab tour.”
Room: “I am loading the AI Lab tour.” Right projector now displays a Netscape browser

window with a special Lab Tour home page.
Tour guide: Using hand, points at link to a research project displayed on the wall and says,

“Computer, follow this link”
Room: Loads the indicated page into the browser.

Tour guide: “Computer, show me the Intelligent Room home page.”
Room: Loads the URL corresponding to the name of the page. Then says,  “I have a video
clip for this research.  Would you like to see it?”
Tour guide: “Yes.  Show it here.”
Room: Cues appropriate video casettete to correct position and starts the clip playing on the

video display closest to where the person is standing.
Tour guide: (watches video for a few seonds) “Computer, stop the video.  Computer, play
the Virtual Surgery clip”.
Room: Performs requested action. Stops video when clip is done.

Tour guide: “Computer, how many graduate students are there at the AI Lab?”
Room: “I am asking the START system for the answer…The Laboratory’s 178 members in-
clude 17 faculty members, 26 academic staff, 29 research and support staff, and 106
graduate students.”  Also displays web page with elaborated answer.

4 Discussion

An unusual issue with Intelligent Environments is the breadth of research areas they

draw upon.  Building embedded, interactive systems frequently requires expertise not



www.manaraa.com

only in modal technologies such as computer vision and speech understanding, but it

also involves substantial development in and places unusual demands on other core

AI areas, such as knowledge representation, software agents, machine learning tech-

niques, and cognitive architectures, among others.  For example, knowledge repre-

sentation in these systems can require representing not only the type of abstract sym-

bolic information with which the AI community is already comfortable but also the

low-level data from the input modalities in which these systems are grounded.  More

generally, this requires a collaborative approach to designing all the components of

these systems, because, in the end, they must be able to intercommunicate at many

levels of abstraction.

4.1 Avoiding Multimodal Nightmares

As with traditional multimodal user interfaces, Intelligent Environments tend to be

composed of a wide array of interconnected albeit separate subsystems.  Thus, build-

ing an IE naturally leads to something of a scavenger approach.  An obvious first step

is to see what other areas of computer science in general and artificial intelligence in

particular have to offer and simply connect extant systems in a modular and piecewise

fashion. However, coupled with this is also a strong temptation to simply grab the

current state of the art in every field and combine them to get something that quickly

becomes a multimodal nightmare.

Intelligent Environments need to be more than a rough assemblage of previously

existing systems.  Not only do the interactions of the modalities need to be carefully

coordinated, but also the intended uses of an IE need to direct what modal capabilities

are present from the start. For example, it may well be the case that the input require-

ments of the environment’s applications are actually simpler than what the current

state of the art offers, and less complex, more reliable subsystems may be used in-

stead.

This is an essential consideration, because Intelligent Environments free a user
from the constraints of a graphical user interface (GUI) only by relying on technology

far less reliable than a traditional windowing system.  IEs are embedded via audio,

speech and visual processing systems that are themselves frequently research proto-

types and quite often far less than robust.  Imagine for a moment writing a GUI where

20% of the mouse events are actually spurious noise and the some of the complexities

of building an IE become clearer.

Hardware systems that use cameras and microphones are susceptible to a wide-

range of failure modes.  These, in conjunction with algorithmic instabilities in the

higher-level software systems that process their outputs, can lead to a wide array of

seemingly bizarre or impossible conditions, such as a person appearing to the system

to be in two places at once. Visual and speech recognition systems are also fairly

tightly constrained with respect to what types of input they are likely to handle cor-
rectly.  For example, a vision-based multi-person tracker may “lose” people when

they occlude one another or blend into the background.  These constraints may

change unpredictably when conditions such as lighting levels or background noise
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fluctuate. Ambient light coming through a newly opened door, for example, can com-

pletely disrupt a seemingly reliable computer vision system.
There are several ways to deal with these problems.  The simplest is to avoid

pathological conditions by explicitly forbidding them.  While this may be reasonable

for a very small number of exceptions, larger numbers put an increasingly unmanage-

able burden on the user to remember which actions, situations, and environmental

conditions are valid.  Furthermore, they quickly reduce the entire system to little more

than a “toy,” useful only for running carefully orchestrated demos.  A preferable strat-

egy is to simplify the IE’s modalities to the point where they work reliably and coher-

ently with one another.  Limited but reliable functionality is a much better thing than

sophisticated flakiness.

For example, most of the output of the Intelligent Room’s tracking system is fre-

quently thrown away.  Most applications don’t need and can’t make use of real-time

trajectory information for the room’s occupants.  Rather, what is particularly impor-
tant is to know where someone is when he stops moving, not while he is in motion.

Far easier than building a dynamic person tracker is creating a visually-based static

person locator that looks for people at rest in places where they are expected to be

found, such as sitting on a couch or standing by a display.  We are currently construc-

tion a new, more reliable version of the Intelligent Room that exclusively makes use

of static people locators, rather than a dynamic tracking system.

Even assuming perfect modal processing, interacting with computational objects

using human-level phenomena can be difficult and frustrating.  For example, because

there are not necessarily natural or obvious mappings from the way people express

things to functional counterparts in a GUI, a user may exclaim, “That’s not what I

meant!” even when “understood” correctly by the system.  More important than mo-
dal processing can be a thorough understanding of how people employ language and

gesture and what they mean by them in particular contexts.  Knowledge representa-

tion is perhaps the largest obstacle in many multimodal efforts.  Being expert at rec-

ognizing gesture or language is not sufficient; understanding what these things mean

in every likely to be encountered context is the hard part, and this is one of the strong-

est arguments against viewing IEs simply as piecework systems.

Because this mapping between human expression and the capabilities of the system

is not seamless, users of multimodal systems are frequently burdened with remem-

bering a great deal of special-case knowledge. This includes: what types of utterances

are legal; how particular series of actions (e.g., scripts) are interpreted and processed;

and how to artificially manipulate the UI to achieve a desired result.  This is problem-

atic because people are not particularly good at keeping track of this special-case
knowledge, e.g., how to interact with the system in each typical situation to get it to

do something.

Intelligent environments, however, try to avoid this problem from the start by pri-

marily supporting tasks that people would do whether or not there was computational

support available for them. We already have natural ways of expressing how to do

these activities, because we already do them during the course of an ordinary day.

This also provides a clear litmus test for the utility of an IE – do people even bother to

use it?  Whatever it is being used for could also be done without it and most likely has

been up until now anyway.
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Abstract. To inform the design of groupware technologies such as those for

cooperative buildings, we investigated the work habits of teams that collaborate

in dedicated project rooms.  We conducted field work that included interviews

of teams in 9 U.S. companies who had dedicated project rooms and a 6 week

observation of one site.  In our study, team members using dedicated project

rooms reported clear advantages: increased learning, motivation, and coordina-

tion. Our findings suggest that cooperative buildings need to support important

features of collocated teamwork such as flexible shared visual displays and

awareness of team members’ activities.

Keywords. cooperative buildings, computer supported cooperative work,

CSCW, groupware, teamwork, space

1 Introduction

Cooperative buildings, dynamic physical environments that support collaborative

social interaction, incorporate groupware to support teamwork within and between

physical structures. Despite increasing availability of groupware for face-to-face and

remote collaboration, we have a less than adequate knowledge of what teams actually

need and how they work. There clearly is a need for groupware: more and more com-

panies are organizing their work into teams (Becker et al., 1995), more of these teams
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are not collocated (Kinney et al., 1996) and companies are experimenting with alter-

native officing to save real estate costs (Robertson, 1996). However research indicates

that teams struggle to stay coordinated when they are not collocated (Olson et al.,
1996), and they reject groupware which ignores requirements for teamwork (Orlikow-

ski, 1992).

What do teams actually need? We know that teams need to communicate and

share documents.  Some groupware, like desktop videoconferencing, chat windows,
voicemail, e-mail, and Notes discussion databases, support communication among

people who are either remotely located (same time, different place) or need to con-

verse asynchronously (different time, same place and different time, different place).

Other technologies support document sharing: screen sharing software for same-time

work, file transfer protocols and Notes databases for asynchronous work. However

the slow diffusion of these technologies suggests that perhaps we don’t know the

whole story yet.  Research investigation has focused more on technology for remote

collaboration than on assessing needs for collocated teamwork. Teams still need to

collaborate face-to-face (same time, same place).

How can we learn more about teamwork?  Our research team decided to investi-

gate what one might think of as the ideal setting for communication and collaboration:

teams collocated in a dedicated project room.  We were interested in collecting de-
scriptive data on the configuration of dedicated project rooms, the work practices of

teams working in dedicated project rooms, and analyzing reports of team members to

discover the relationship between these rooms and teamwork. We were also interested

in how companies and teams assessed the value of dedicated project rooms and how

groupware might be designed to replicate or improve the advantages of dedicated

project rooms when teams are not able to collocate. To explore these issues, we went

to the field. We interviewed managers and team members.  We also observed work

practices in dedicated project rooms and other special facilities in 9 companies who

indicated to us that they had project rooms.  One of these sites allowed us to do in-

depth observation and interviews of a group that used a dedicated project room for the

6 weeks they worked on a special project.
Our expectations about the value of dedicated project rooms and the kinds of fea-

tures that will support successful teamwork came from studies of distributed cognition

(Hutchins, 1995).  We knew from these studies that there are two important sources of
group information: cognitive artifacts in use, which codify procedures and make the

project’s progress visible, and behavior of team members, which models work prac-

tices and cues task coordination. Dedicated project rooms make both of these sources

handy.  We also expected that the major rationale for corporations to assign a team to

a dedicated project room would be time savings, especially for groups using special-

ized artifacts because dedicated project rooms reduce time loss from setting up and

tidying the room. Our investigation of the activity in these rooms gave us insight into

important details in the design of future groupware.
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2 Findings: How Dedicated Project Rooms Support Teamwork

In order to identify important work practices and factors which influence them, we

investigated how dedicated project rooms were being used in real companies.  The

Fortune 500 companies were a mixture of manufacturers, service providers, and con-

sultancies. Out of 14 dedicated project room, seven were “live-in,” meaning the team

members had no other offices.  In each of the 9 companies, we interviewed either the

Chief Information Officer (CIO), the Facilities Manager, or the Manager of a team

working in a dedicated project room.  Where possible, we interviewed team members

in the dedicated project room.

The second kind of field study was an in-depth study of one 8-member group that

resided in a dedicated project room as part of an intensive software development

training experience. In this case, we administered a short survey to the 8 team mem-

bers before and after the project, and observed the group at work in several sessions

each week totaling about 5 hours a week for 6 weeks.  We photographed the progres-

sion of artifact use in the dedicated project room and adjacent work areas. In addition,

we conducted 60 minute semi-structured interviews at the end of the 6 week period.

Due to the sensitive nature of project work, we were unable to audiotape or videotape

groups at work or interviews.

2.1 Types of collaborative spaces

In addition to the live-in and not live-in dedicated project rooms, the companies we

visited showed us a variety of spaces that were used for collaborative activities (Table

1). They showed us creative arrangements of cubicles that opened onto a large con-

ference table, making an easily accessible “project area” or group commons. In addi-

tion, they showed us meetings rooms that were owned by a particular group.  The

owned meeting rooms were very accessible for use by the group, but because they

were not dedicated to a particular project, the group could not leave their project arti-

facts in this space.  There were also various meeting rooms shared among groups via

different scheduling schemes.  Many of these rooms did not even have computers or

projection technology.1 We also toured training rooms (typically outfitted with 10-15

computers and a projection device), special purpose video conference rooms, hotel-

ling and motelling arrangements2, and cafeterias used for meetings outside of meal-

times.3

                                                       
1 Most conference rooms had nothing but tables and chairs in them.
2 We discovered that the distinction between hotelling and motelling is the amount of advanced

reservation required, and how much work the “concierge” would invest in setting up your

phone forwarding, your files (kept in movable file cabinets in a storeroom), and your name

on the door.  Clearly, the service is better in the “hotel” but the costs are higher.
3 Where interruptions from passers-by wishing to socialize are minimized by having a small

sign on the meeting table announcing that this was a meeting, implying that visitors were not

welcome.
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The live-in project rooms we saw were larger than a typical office, usually about

16’ x 20’, housing from 3 to 6 people. The not live-in project rooms were similar
sizes and could conceivably serve more people, since crowding and interruptions

could be alleviated by retreating to one’s office.

Live-in

Project

Rooms

Not Live-

in Project

Rooms

Group

Areas with

Commons

Owned

Meeting

Rooms

Scheduled

Meeting

Rooms

Video

Conference

Rooms

Cafeterias

used for

Meetings

Training

Rooms
Totals

TireCo 2 1 1 4 1 9

Big50Co 1 5 2 8

Consult-

ingCo

1 most 2+ 1 1 6+

MicrochipCo 1 1 2

Older

ComputerCo

1 2 2

SoftwareCo 1 most many many 1 5+

ApplianceCo 1 3 many many many 1 1 2 11+

Younger

Computer Co

1 1 1 1 4

AutoCo 1 1 2

Totals 7 7 4+ 5+ 14+ 3 3 6 49+

Table 1 Types of Collaborative Spaces by Company Pseudonym.

2.2 How teams obtain and inhabit dedicated project rooms

Corporations are struggling with the counter-forces of efficiency and cost of real

estate.  Nevertheless, the companies we visited still assign some teams dedicated

project rooms in spite of the increased cost of additional or specialized collaborative

space.  Who gets these rooms?  We expected from the literature that the major driver

for assigning groups to dedicated project room would be efficiency.  In live-in dedi-

cated project rooms, in particular, all team members are collocated and communica-

tion overhead is minimal.  Artifacts are present and shared, and team members are

available.  Also, new team members have the opportunity to learn quickly because

they can witness all the behaviors that go into this team’s performance, making it

easier to acculturate.

Indeed, managers reported that one main driver for giving a team a dedicated proj-
ect room is efficiency.  But, of course, not everyone gets a project room because not

all teams do the kind of work that can benefit from a project room (they do parallel,

deep analysis without the need for constant coordination), and real estate is costly.

There were two chief patterns in which dedicated project rooms were allocated and

utilized.  Several live-in project rooms, were given to teams who were behind on a
critical development project. In the spirit of Skunk Works (Rich et al., 1994), the idea

is that if people are put into a room, released from other bureaucratic impediments,

they will be both creative and efficient.  For groups in trouble, the hope was that they

could succeed if they just lived together.  It was a signal from management as to both

the importance of the project and the desperation that management felt, a last ditch

effort.  These rooms were configured such that the individuals worked facing the
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walls on the periphery and the center of the room contained a table or common work

surface for scheduled or impromptu meetings (Fig. 1a, 1b).  Communication between
team members was easy and efficient in these rooms and team members’ work was

closely coupled with one another (discussed further below). These rooms seemed to

bustle with activity, bulge with artifacts and appear rather untidy.

The second pattern for room use was related.  Management gave dedicated project

rooms to prestigious groups needing room for private conversation, or to groups

whose importance they wanted to signal via committment of resources.  We will call

these not live-in project rooms “war rooms.”  In U.S. corporations, the term war room

can mean several types of rooms.  A war room can be a control center for monitoring

late-breaking data for network operations services (Bucholz, 1996) or financial serv-

ices (Gandy, 1995).  However, the term war room is also used to mean an executive

meeting room where sensitive decisions about human resources or project strategy are

made behind locked doors (Downs, 1994).  These rooms often served as “show
rooms” with furniture, lighting and carpeting signaling the importance of work ac-

complished in this room to the participants.  These rooms were configured as “board

rooms” with participants sitting around a large central table and technology available

for presentations (Fig. 1c).  Team members faced each other rather than walls and

individual work areas.  When not in use for meeting with a full group, these rooms

served as “thinking space” for group members who had access to these secure areas.

Even if the room had a telephone for audio conferencing, team members reported that

they would not forward their telephone to the room and segment group activity from

other responsibilities not related to the team’s work.

Fig. 1. a.. Photo of “skunk works” at YoungerComputerCo (top left) and. floor plans for b.

TireCo (bottom left) and c. “war room” at ApplianceCo (right)
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It was interesting, too, to contrast the rationales given us by different managers.

CIOs repeatedly pointed to expected efficiency and their need to get the job done.  On
the other hand, facilities managers, who reported to the Chief Financial Officer, were

more interested in justifying the costs of these rooms, since they are typically re-

warded for reducing their budgets. Managers of the team in the dedicated project

room reported prestige as the major driver.  The different types of managers were

merely responding to their incentive schemes, a point made salient by Orlikowski

(1992).

2.3 How cognitive artifacts support teamwork

Because of the importance of cognitive artifacts in the literature on distributed cogni-

tion (Hutchins, 1995), we were particularly interested in the use of the shared artifacts

and the interactions with the other team members. A number of artifacts were used in

these rooms, artifacts that one rarely sees in shared meeting rooms.  Table 2 lists the

kinds of display artifacts and number of rooms containing them by type of room:

skunk works (live-in dedicated project rooms), war rooms (not live-in dedicated proj-

ect rooms and all collaborative spaces we toured (for comparison).

Table 2. Ten different types of shared visual display artifacts, comparison of number of rooms

containing them by type of room

Shared Visual Displays. Flip charts, whiteboards, tack boards and walls often held

important artifacts, displaying work in progress, current status of tasks, reference

materials or past accomplishments. These shared visual displays helped the team

make intangible work visible and editable via representations.  These representations

help facilitate desirable social interactions.

For example, in the skunk works of our intense case study site, 41 flip chart sheets

appeared on the walls at all times. These flip charts were co-authored by the group
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(they were requirements for the software they were building) and clustered, moved,

and edited at various times in the production of the software (Fig. 1a).  Individuals
who were later coding parts of the software moved these near their workstation and

referred to them often (Fig. 2b).  And, in early analysis of how to architect the system,

use cases were displayed side by side so that developers could see the similarities, in

the hopes of finding useful abstractions.

At another site, a war room used by human resource people had the two opposing

long walls covered by rolling whiteboard panels mounted on three parallel tracks such

that three layers could be viewed in turn (Fig. 2a). These panels contained an elabo-

rate organizational chart which consisted of 1” x 4” magnets linked by narrow electri-

cal tape.  Each magnet represented a manager from that company and listed the per-

son’s name,  background highlights, affirmative action category and a small photo-

graph. Career paths of managers were planned in this room, a task that has to take into

account not only the history of the individual but also the balance of talents across the
organization.  The complexity of the task was well served by the enormity of this

single visual display. Team members also reported that when making decisions about

moving people within the company, they would take the magnet representing a man-
ager in hand and contemplate a career path.  The act of holding the magnet reminded

them of the weight of their decision, the change in the organizational chart created

materiality for the decision and the photograph on the magnet helped them recall the

importance of their decision for this person and those affected by an organizational

move.

Another war room contained three full walls of tack boards.  The room was used

by a business strategy group who used the room to host high-level meetings on proj-

ects concerning the future of the company.  The tack boards held a wide variety of
display artifacts.  The team members mounted past presentations slides (hard copy of

an electronic presentation) in clear plastic sheet protectors with Velcro backing on

one third of the tack boards.  Supplemental detail data on different parts of the pres-

entation were printed on 8.5” x 11” sheets and tacked to the wall. There was also

work-in-progress displayed and annotated with sticky notes. However, the most

popular display feature of this room was the computer projection system which they

used to develop ideas via a scribe at the in-room computer.  Team members felt that a

key feature of this technology was the ability to argue at the projected display rather

than at each other. By focusing discussion on the representation of the work rather

than at a disagreeing team member, they felt that they could better able to resolve

differences and move on with the work.

Coordination Documents. Besides making work visible and editable, cognitive arti-

facts also facilitated coordination. For example, the software development team con-

structed a to-do list consisting of objects to be built, the team member responsible for

building each object, and tick marks as objects were completed.  More items were

added to this list as new objects were discovered.  These lists provided immediate

reference for coordinating individual tasks and provided a ready check of the current

status of the project. Similarly, action items were used in several collaboration spaces

for reminding team members of agreed-upon team obligations and priorities for which

they were accountable (usually for the “next” meeting).  These artifacts helped team

members keep track of where they were individually and with respect to project

deadlines.  Other teams left telephone logs, which allowed team members to see who
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had already been contacted on projects that involved telephone support, telephone

surveys or client contact. Some teams posted vacation schedules and office telephone

numbers.

Motivation Tools. We were surprised that dedicated project rooms contained a wide

variety of motivational artifacts which were specific to team identity and relationship

to the company.  In one project room, planning principles (similar to Demming prin-

ciples and standard methodology) were posted on the wall.  Elegant flow charts de-

picting the sequence of projects or processes communicated a sense of belonging and

importance of the group in key production activities (Fig. 2c). The team we studied in

depth had company logos and photographs extolling the power and speed of the prod-

ucts and employees of this company. One rapid response team had three copies of a

motivational poster that reminded them of the value of rapid teamwork, one copy per

wall, viewable from anywhere in the room.

Fig. 2. a.. Magnetic organizational chart (top left), b. Flip chart on desktop (top right), and c.

Project flow chart (c. bottom)

2.4 How collocation supports teamwork

Besides facilitating interactions via artifact-sharing, dedicated project rooms also

facilitate interactions between team members due to collocation.  In skunk works, the

team members were in constant contact with each other during working hours since

they had no other offices.  In war rooms, where team members have other offices, full

team presence was less common.  However, when a deadline approached, team mem-

bers primarily resided in the war room. Collocation provided a number of advantages

for teamwork, including awareness, implicit training, easy transitions from individual

to group work, and motivation.
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Awareness.  One skunk works housed an emergency response team who help sales

people broker deals concerning various pricing and packaging options for important

customers.  Team members had desks about 15 feet apart.  They reported that collo-

cation provided team awareness.  They were close enough to overhear other team

members’ conversations if they chose  and note for future reference what customer

was involved, which sales person called, what kinds of deals were offered and who

offered the appropriate deal.  Similarly, when the call volume increased for an indi-

vidual assigned to a particular product line, team members could cover for each other.

As often happens among administrative support people who work near each other on

similar tasks, merely paying attention to the general level of activity can promote

impromptu help-giving without explicit negotiation.

Similarly, in the software development training skunk works, both students and

trainers worked in the room together.  Collocation allowed the trainers to easily move
from one student another.  Because trainers could see over students’ shoulders, they

could monitor progress over time, intervening when necessary.

Implicit learning.  Awareness supports teamwork in a learning environment through

explicit instruction and monitoring. Implicit learning also supports teamwork in a

dedicated project room through learning by example.  People imitate each other when

they are  collocated.  For example, team members reported that they learned “how

things are done,” how to make requests on the phone, and how to chart progress by

observing and replicating the behavior of proximate others.  This phenomena is an

important component of organizational learning, the acquisition of team-based rou-

tines that make an organization run smoothly (Cohen et al., 1994).  Many people

merely call this learning “on the job.”

Easy transitions from individual to group work. Most teamwork involves different

styles of work in different stages (Olson et al., 1992).  At some stages it is important

for the team to collaborate, typically, in a meeting (e.g., making joint decisions or

planning a project).  At other times, team members need to work individually and in

parallel (e.g., analyzing a problem, proposing rationale for re-organization, or pro-

ducing code).  Transitions between individual and group work may be influenced by

many factors such as size of the group, nature of he work, availability of places in

which to meet, urgency, diversity of individual team members, group leadership in

addition to proximity. One of the reported advantages of private offices with walls

and doors was the ability to signal when the occupant was available (door open) or

unavailable (door closed).

The prevalence of meetings in many work settings and delays in projects when

team members are not available, attests to the belief that focused collaboration works

best in the same time and same place.  Although more investigation is necessary to

determine the precise conditions for each stage of work, we know that team members
reported that being co-present during individual work provided opportunities for in-

terruption at a moment’s notice for important interactions.  However, they also indi-

cated that interruptions sometimes disrupted the flow of individual work.  Our evi-

dence suggests that providing enough distance between individual work areas and

defining explicit team norms for use of the team space may help team members nego-

tiate the conflict between individual and group work styles.
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Motivation.  It is well known in the social psychological literature that team members

will instill each other with motivation, either positive or negative (Forsythe, 1990).  A

phenomena called “Social facilitation” occurs in small teams when observable enthu-

siasm and drive catches on and the entire team works hard (Allport, 1920).  In larger

groups, however, it is equally likely that individuals, seeing others work hard, decide

they are extraneous and will engage in “social loafing” (Williams et al., 1981).  In the

skunk works, shared motivation was reported as positive and contagious.

3 Implications for Technology Support of Teamwork in
Cooperative Buildings

Dedicated project rooms support teamwork in many ways.  Collocation with cognitive

artifacts and team members offers the broadest bandwidth for cooperative work.

Teams develop shared documents together thus making intangible work visible, edit-

able and more carefully considered.  Cognitive artifacts also include documents for

team coordination, and motivation tools to remind teams of their identity and impor-

tance.  Collocation increases awareness of individual contributions, provides opportu-

nities for impromptu help-giving, and allows sharing of team members’ work prac-

tices.  In dedicated project rooms, team members implicitly learn from one another

through  organizational routines and make easy transitions between individual and

group work. Collocation helps team members motivate each other through social

facilitation when teams are small.  What implications do these findings have for cre-

ating innovative work environments with information and communication technology

such as “cooperative buildings?”

The predominance of shared visual displays in dedicated project rooms suggests

that technologies which support the creation, editing and persistence of flexible

documents are essential for coordination.  However, a review of current groupware

technologies reveals a gap between how teams use coordination technologies and how

teams use shared displays.  Applications like Lotus Notes and project planning soft-

ware provide appropriate diagrams and lists for coordinating work.  But unlike posted
flip charts and whiteboard lists, screen representations do not remain visible in a sin-

gle shared format to individual team members during work.  Having a single shared

visual display provides ready reference to coordination information by a simple

glance rather than, for instance, loading a World Wide Web home page or viewing an

electronic document by launching an application.

Currently, there are some computerized technologies which provide shared visual

display.  However, the features of these systems are primitive when compared to the

flexibility and variety of shared displayed artifacts we found.  Some good examples of

display technology are Xerox’s LiveBoard, Microfield Graphics Softboard, and

Smart2000’s board.  These products provide large visual displays and allow more

than one person to work together to create a shared representation via a pen-based

interface.  They offer advantages over same-time, same-place technologies because
the penstrokes are stored electronically and can be viewed remotely.  However, they
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only accommodate about one-screen’s worth of displayed information4 and do not

cover the field of view such as wall-sized whiteboards or tack boards which we found
at several study sites.  Although some of these electronic representations can be

printed on flip chart-sized paper, using the display technology in this manner is ex-

pensive and awkward.

We also found another feature of shared visual display that team members reported

as being important but difficult to create electronically. For example, in the human

resource war room, although we might imagine projecting a wall-sized, editable or-

ganizational chart, it is harder to imagine utilizing magnets or sheets of paper with

such a display.  Designers of cooperative buildings might consider how teams would

use information appliances that could serve the role of the magnets in this setting.

Tangible artifacts with electronic codes could index more attributes of the people

represented on the 1” x 4” magnets such as career history, records of rationale for
moves and alternative moves considered like a design rationale (Moran et al., 1996).

Decision-makers could still interact with material objects while experimenting with

secondary electronic representations for documenting decisions or evaluating out-

comes.

Cooperative buildings should provide facilities for both remote and collocated

teams because some advantages of collocation are difficult or impossible to reproduce

for remote and asynchronous work.. Despite experimentation with simulated colloca-

tion, we don’t yet have the interaction bandwidth that exists in dedicated project

rooms. Some examples are MediaSpace, which linked 25 or 30 offices through video-
cameras and monitors (Harrison et al., 1997) as did Bellcore’s Cruiser (Fish et al.,
1993), Sun’s Piazza (Isaacs et al., 1996) and EuroPARC’s Rave (Garver et al., 1992).

The ClearBoard prototype captured details of not only the shared work but of the
details of the co-worker’s attention (where he is looking before he acts) (Ishii et al.,
1992). These technologies are not only expensive, but there are serious questions

about whether they indeed duplicate awareness, fruitful interruption or the sense of

“being there.”  Heath and Luff (1991) found that co-workers connected by video had

to behave in an exaggerated way in order to produce a reaction.  To support remote

work in cooperative buildings, we need to know whether and how to integrate remote

video to support different types of teamwork.

Designers of cooperative buildings should also consider how technologies support

tightly-coupled versus loosely-coupled teamwork. Our findings suggest that colloca-

tion, rather than geographical distribution is best for tightly-coupled work   Field

studies elsewhere have shown that, given the limitations of current groupware, team

members who are separated from the majority of their team members participate less
in collaborative work and decrease their coordination with the rest of their team. (Ol-
son et al., 1996). The remote team members reorganize the work so that it requires

less coupling.  They do not benefit from awareness, implicit learning or motivation

that collocation supports.  The design of cooperative buildings provides a valuable

opportunity to enhance the advantages of collocated teamwork and explore new tech-

nologies to extend these advantages for remote teamwork.

                                                       
4 Although they have the dimensions of a whiteboard, because the pixels are relatively fat,

electronic visual displays cannot hold as much information as a whiteboard.
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Abstract. This paper discusses a three-year experiment to build a distributed re-

search group, equipped with state-of-the-art computing facilities, spread over

three cities in Australia. Despite the provision of the sorts of facilities to be ex-

pected in cooperative buildings, such as high-speed networks and videoconfer-

encing, significant synergy (i.e., closely-coupled collaborations) among the dis-

tributed subgroups did not develop.  This was not only due to the problems of

distance, but was exacerbated by several political and organizational issues. An

important lesson is that successful ‘cooperative buildings’ will depend not just

on the technology but also on an appropriate managerial, organizational and po-

litical climate in which these resources can be meaningfully exploited.  The pa-

per outlines the experiment, discusses why synergies did not emerge, and points

to implications for cooperative buildings and design paradigms based on the

notion of pattern languages.

Keywords. cooperative buildings, locales framework, social worlds, coopera-

tive work, distributed workgroups, serendiptious interactions, organisational

structure, patterns

1 Introduction

The development of ‘cooperative buildings’ will afford new possibilities for people to

work and play together at a distance. These affordances will be based around com-

                                                       
TThis work has been supported by the US Defense Advanced Research Projects Agency

(DARPA) under grants F30603-94-C-0161 and F30602-96-2-0264 administered by the US

Air Force, and by the Cooperative Research Centres Program through the Department of the

Prime Minister and Cabinet of the Commonwealth Government of Australia. The views and

conclusions expressed in this document are those of the authors and should not be interpreted

as representing the official policies, expressed or implied, of the Defense Advanced Research

Projects Agency or the U.S. Government.  We would like to thank the members of IEU for

their openness, assistance and friendship during the course of this study.
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puting, networking and advanced user interfaces.  Examples of such advances in-

clude:

• Members of a distributed design group work together to evolve the design of a

complex artifact, using a combination of physical and virtual media;

• Grandparents talk and play with their grandchild from their house half a continent

away;

• A manager moves from room to room talking to members of his group.  The

building tracks his location using signals from his mobile phone.  His computer

workspace is continually ready-at-hand;

• Joe notices Bill in his San Diego office, ‘leans over’ from Sydney and initiates a

discussion.

Traditionally, buildings housed groups of some kind – organization, division, firm,

family, department.  In the examples outlined above, the notion of ‘group’, ‘organiza-

tion’, ‘family’ being housed within a single building falls down.  In future a distrib-

uted group spread around a network of smart, cooperative buildings might well come

to see themselves as being in ‘the same’ location1.  Although the buildings and groups

are physically distributed, the practical impact of the affordances built into the coop-

erative buildings will be to break down or eliminate the barriers of distance2.

We believe that the very notion of cooperative buildings must co-evolve with

learning to take advantage of new affordances.  It is possible, for example, to con-

ceive of a cooperative building not as physically bounded by the external skin of a
physical building, but rather as a virtual entity that could potentially span (parts of)

several, widely distributed physical buildings.

But it is unlikely that technology alone will bring about this change.  In 1994 an

experiment began in Australia to build a distributed, but integrated semi-commercial

research group, the Internet Exploration Unit.  This group spans three cities, groups

and sites from two different organizations, and shares a common purpose, viz. inves-

tigating how to deal with resources (particularly information) on an internet-wide

scale.  The groups had access to advanced computing resources, many of which are of

the type we might expect in cooperative buildings, such as high-speed networks,

video-conferencing and a range of computing hardware.  However, three years later

we can clearly see that closely-coupled inter-group synergies did not develop, al-
though there was some degree of black-box sharing of prototypes.

We believe there are some interesting lessons from this case for the emerging co-

operative building community.  In essence they underline the importance of organiza-

tional, political and sociological factors in the success of distributed workgroups –

factors that are well-known from the CSCW community (Grudin, 1988)– and point to

the need to consider the application of technological advances in the context of their

use.  We contend that technology alone won’t make smart buildings work – it is the

                                                       
1 Or adjoining locations… notions of ‘the same place’, ‘adjoining place’, etc., will change

radically.
2 There is another way of thinking about cooperative buildings that need not have anything to

do with distributed groups – rather they have to do with the notion of having the virtual arti-

facts and media needed for work ‘ready-at-hand’ through ubiquitous, embedded computing

systems and interfaces.  This kind of use should be taken as implied when reading this paper.
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creation of the appropriate organizational and sociological context within which to

deploy these technologies that will make the difference.
To discuss this case study and its implications for cooperative buildings, the paper

is structured as follows. Section 2 introduces some analytical preliminaries, while

Section 3 tells the tale of our case study.  Section 4 then draws some implications for

the design of cooperative buildings and points to possible design paradigms, based on

Alexander’s notions of pattern and pattern language (Alexander, 1977).

2 Analytical Preliminaries – Social Worlds and Locales

Before discussing the study itself, we first introduce the Locales Framework used in

its analysis. The Locales Framework (Fitzpatrick, Kaplan et al., 1996) evolved to

address the problem of how to account for complex dynamic domains of work, both

physical and virtual, and the design of cooperative systems to support/augment work

in such domains.  The framework is based on three key notions. The first is that ac-

tions and interactions are continually evolving; the emergent situated nature of work

is therefore a central premise. The second is that social worlds are the prime structur-

ing mechanism for interaction. A social world is a group of people who share a com-

mitment to collective action, bounded by the limits of effective communication. These

first two notions are drawn from Strauss (Strauss, 1993).  The third notion is that

people creatively use and evolve any available features of a domain to get their work

done. There are currently five high-level aspects to the Locales Framework. While

presented as if distinct, they are in fact highly interdependent and overlapping, each

providing a different perspective into the life of a social world. They should be used

by the designer as a sensitizing, rather than prescriptive, analytic device. The five

aspects are:

Locale foundations: There are two components of locale foundations. The first is to

identify the social world of interest and its associated members, rules, roles, conven-

tions, group processes etc. The second is to identify the locales or places the members

use to get their work done. This includes the inherent features of the domain, and the

relevant artifacts, tools, resources, work objects, etc. (Cooperative buildings can be

seen as providing the places and resources for social worlds.)

Civic structures: Civic structures looks to understand the social world of interest and

its locale in a global context. Hence it is about identifying other related social worlds

and locales, and understanding the relationships, interactions and influences among

them. For example, this is where external influences such as organizational, legisla-

tive, professional, political etc., can be considered, as well as the issue of how social

worlds emerge and dissolve.

Individual views: This aspect accounts for the fact that groups are made up of a het-

erogeneous collection of individuals. Each individual will likely have their own view

of the group locale based on their current level of interest or involvement. Further,

each individual will probably belong to multiple social worlds and work on many

different tasks at once, with varying and shifting degrees of intensity. They are likely
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to maintain an idiosyncratic view across some collection of locales, dynamically ne-

gotiating varying levels of focus and participation.

Interaction trajectory: Trajectory looks at all the temporal aspects - past, dynami-

cally emergent present, and imagined future, the rhythms and cycles, etc., - of the

group’s locale and its associated people and entities. In understanding the social world

and its members in action, we hope to understand how the locale of work and civic

structures enable and constrain the moment-by-moment doing of work.

Mutuality: Mutuality draws explicit attention to the possibilities for, and actualiza-

tion of, presence and awareness in a locale for the purposes of maintaining a sense of

shared place and action. Awareness refers to the information about any entity, person

or object that another entity chooses to focus upon. For example, can you see who is

working on a task? What they are doing? What is the current state? With what degree

of granularity? Presence is the reciprocal of awareness and concerns the aggregation

of personal information (identity, functional and interactional possibilities, current

activity etc.) that an entity makes available to the shared place of work.

3 Our Experiment: The IEU Social World

As we indicated previously, the Interaction Exploration Unit (IEU – all proper and

organizational names are pseudonyms) was set up as a joint project over three sites,

with two major organizations involved.  Several technological affordances were put in

place to support interaction among the members of the two groups, videoconferenc-

ing, and a high-speed ATM network was also promised. However, these groups did

not form a synergistic whole, although each of the groups independently was both

productive and successful. To understand why, we begin by employing a social

worlds-based description of the IEU and its activities.

Our groups of concern are Tony, Mike and Zak from Future Generation Systems

Centre (FGSC) and Adam, Scott, Gail and Rita from the Scientific Research Group
(SRG). Tony is the nominal project leader, while day-to-day leadership of the group is

split between Tony in Brisbane from FGSC and Adam in Melbourne from SRG.

We focus on a nine-month period starting about 2.5 years into the life of the IEU.

Visible and successful collaboration among the teams and team members was seen as

critical and the team members felt under pressure to improve their collaborations after

an unofficial management directive. Until this time, in effect the major strand holding

the two groups together were funding and reporting requirements, together with a

loose shared interest in common research issues. We started a qualitative study of this

group because we are interested in CSCW in action, knew this group had significant

technological affordances at their disposal, and were interested to see how, and what

kinds of, collaborations emerged.
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3.1 IEU civic structures

Several other social worlds have an impact on or interest in the operation and success

of the IEU. Examples include the organizations that contribute resources (funding,

equipment and additional seconded staff) to the project, the standards bodies to whom

IEU members Tony and Zak contribute, and other social worlds within FGSC and

SRG.  For example FGSC runs a major research integration project, and this depends

in part on IEU producing leading-edge tools, concepts and systems that they can use

in their integration effort. Furthermore the peer communities of other researchers who

meet at scientific meetings and overlap with IEU membership also form social worlds

that may have some influence on, interest in, or relationship with IEU. The civic

structures identified here ultimately played a significant role in fostering certain col-

laborations and discouraging others.

3.2 IEU locales and their resources

The FGSC and SRG personnel of IEU are physically distributed across three cities

spanning approximately sixteen hundred kilometers across Australia.  Space at the

FGSC is at a premium.  Zak, Mike and a visitor share one office, while Tony and

other visitors share the other room.  Each person’s space consists of a desk, worksta-

tion, bookshelf, notice board and telephone.  There are also shared white-board and

shared bookshelves. In the SRG office in Melbourne, Adam and Gail have adjacent

office spaces separated by partitions.  Scott has his own closed office on the other side

of the floor.  Rita works on her own in Sydney, roughly halfway between Melbourne

and Brisbane.

Their shared virtual locales both within and across sites consist of a number of dif-

ferent technologies. Each full-time person has access to email and postal mail as well

as the telephone. A range of group information is available via WWW pages, which

Tony is diligent in maintaining. All three sites have dedicated video-conferencing

machines. These are in Zak and Mike’s room at FGSC, and in a separate meeting

room at both SRG sites. Obviously, when all the members gather for a workshop, the
workshop location becomes a shared physical locale for the duration of the gathering.

The Internet, which provided email, web and other facilities, ran to each member’s

desktop. Unfortunately, the installation of the ATM network was greatly delayed by

factors outside the control the IEU, FGSC or SRG, and was never realised.

It became evident that the physical separation of work locales had a significant im-

pact on mutual availability.  This in turn hindered the emergence of new collabora-

tions and is in contrast to physical co-location or close-location; being temporally and

spatially close-by means that people have easier access to the conversations and ac-

tivities of others should they choose to.
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3.3 Summary observations of the IEU trajectory

As it happened, no strategic cross-group collaboration came about during the nine-

month course of the study. More interestingly, though, the FGSC members of IEU

became involved in a significant collaboration with people from other FGSC units

during this same time period, a collaboration of the type that was desired between

FGSC and SRG. We will return to this later. However there were numerous instances

of other smaller scale collaborations both between and within IEU sub-groups.
As a group, significant effort was expended to try to facilitate closer collaboration

between the FGSC and SRG members of IEU.  Prior to the directive being given,

cross-site collaboration mainly involved Tony and Adam.  Although all members of

the group had access to telephone and fax, direct and group email, and the WWW as a

repository of shared group information and shared tool access, they rarely used them.

After the directive, Tony and Adam established a weekly group videoconference

between Melbourne and Brisbane, and a fortnightly session between Brisbane and

Sydney, so that people could become more familiar with each other’s work.

After some months of this, they also held a 2-day workshop to develop a coherent

research strategy for the next twelve months. While the workshop did result in a

shared vision of an abstract system architecture, it failed to identify clear points of

collaboration between individual projects. The researchers returned to their separate
work sites and continued working on their own projects.  The workshop did, however,

lay the foundations for exploiting future collaborative opportunities and for members

moving their work in line with the architecture.

3.4 A potential collaboration

Two months later, a promising opportunity was identified during one of Tony’s visits

to the Melbourne site.  He was explaining to the group at SRG what Mike was plan-

ning to do back at FGSC in the next work period when Adam realized that he was

essentially working on the same issue from a different angle. Adam had already

known from the videoconferences that Mike was looking at this particular issue but

had never understood why.

Over the next few months there were various contacts between Mike and Adam to

explore their common interests. This primarily consisted of discussing and docu-

menting a common abstract model of the problem domain. Adam wrote a draft docu-
ment explaining his ideas.  Through email, Mike made constructive comments on the

model.  Adam would then revise the model, and more email discussion would follow.

Occasionally they talked by phone. If they had been able to complete the work, Adam

wanted to institute a system of regular phone calls.  Mike however preferred email for

more technical discussions because he felt he was able to contribute more after having

time to reflect on his responses rather than give off-the-cuff responses on the phone.

However a promising opportunity was lost when SRG management abruptly moved

Adam away from IEU to another (competing) SRG project.
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3.5 Collaboration in practice

While collaborations at the scale or level of strategic importance wanted by manage-

ment did not emerge, or failed to progress when they did emerge, there were many

other instances of ways in which members of IEU worked together on smaller, short-

term or less-strategic scales.  The following vignettes give a flavor:

Co-Management, cross-sites, assigned: Tony and Adam worked closely together

especially for the major reporting and strategic planning activities required of the unit.

They tried to phone each other twice a week at pre-set times, co-authored documents

using the web as a shared document repository, and acted as the conduits for much of

the information passed on to the rest of their on-site colleagues.

Paper co-authoring, cross-sites, emergent: Rita and Gail, both SRG employees but

in different cities, worked together to write a conference paper, and Gail installed

Rita’s prototype tool.  They recognized a potential overlap of interests when they had

an opportunity to talk face-to-face at the workshop.  At Gail’s instigation they wrote a

paper exploring these ideas, having decided on a structure and allocated sections to

write.  Though the paper was subsequently rejected, they gained a much deeper un-

derstanding of each other’s work and Gail later started to integrate Rita’s prototype

with her own.  However, their work together was stalled when both were given non-

IEU work by their SRG management.

Working together on a shared project, same room, mix of assigned/emergent:
Zak and Mike, sharing the same room, worked closely together on a particular proj-

ect.  In the early stages and whenever technical details had to be worked out, they

would use the white-board between their desks.  They also used the white-board to

write up the project goals and task allocations.  When the work was settled enough to

be divided into parts, their interactions tended to be around larger granularities of

work, such as the review of a draft document.  Occasionally they used email for proj-

ect issues.  Now that they are working on separate projects, they no longer use the

white-board for shared work-related notes and both keep their own private to-do lists.

One develops, another uses, cross-site, assigned: Scott developed a tool in Mel-

bourne and Mike was asked to install it in Brisbane so that FGSC staff could test it.

Mike ran into lots of problems while trying to install the tool and, after various at-

tempts, gave up as he found the task too difficult.  He moved on to other projects and

the prototype remained uninstalled, particularly as it was critical to no-one’s work in

Brisbane.  However, towards the end of the study a new IEU employee needed Scott’s

prototype for a new contract and, with remote help from Scott, eventually managed to

get it installed.  This was typical of successful cross-group collaboration: interaction

at the interface of prototypes rather than communal work on a shared problem.

3.6 Romany:  An emergent collaboration that worked

An interesting contrast to the above study is an emergent cross-unit collaboration

within FGSC called Romany, which evolved over the same period in which the FGSC

and SRG members were supposed to be finding ways to work together more closely.
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Rather than being imposed or suggested by management, Romany grew up as a grass-

roots initiative involving people from IEU and two other units of FGSC.   A lecturer

with West University, a partner of FGSC, and his researcher Susan were both associ-

ated with another FGSC unit, but worked in a separate building to FGSC on the same

campus.  They had taken on a masters student to investigate a particular research

project.  For some time previously, Zak from IEU had also been thinking of a distrib-

uted object approach to a related problem.

It was only after Susan mentioned the Masters thesis to researchers at IEU/FGSC

during an informal visit that Zak and Susan started to talk together and evolve a more
generalized definition of the problem and its potential solution than both of their

original positions. Around the same time there was also a growing awareness in the

larger international research community of the potential roles for the kinds of systems

FGSC constructs.  Susan posted a description of their approach to an international

mailing list, and was inundated with expressions of interest.  Not long after, Susan,

Zak and some other members of IEU attended a workshop at which many of the same

people from the mailing list were present.  They spent a lot of time talking to people

and, given the level of interest, the Romany project to implement their ideas was born.

At FGSC, Zak is the person nominally designated as working on this problem.  In

practice many other researchers from several units of the FGSC actively work with

him.  They have established their own internal mailing list which also includes many

others at FGSC interested in the problem but only able to make a sporadic contribu-
tions to the work because other constraints.  After some period of discussion, the core

group gathered together for a one-day internal workshop to scope the work. Some of

the peripheral members were also able to drop in for short periods.

Following on from the workshop, a draft document was written. The ideas contin-

ued to evolve at regular face-to-face meetings. After each meeting, as summary was

posted to the Romany web site, forming the basis for the following period’s work and

discussions at the next meeting.  Zak anticipates that they will release a stable docu-

ment once some revisions are complete. This should stimulate a further round of dis-

cussions with the international community, as well as prototype products and stan-

dards contributions, all of which are highly valued outcomes at FGSC.

3.7 Discussion

Why was the Romany initiative so successful when IEU attempts to create collabora-

tion were comparatively less so? We briefly summarize some explanations here:

Grass roots evolution.  The Romany initiative grew up in a grass-roots way on the

part of the researchers.  Although they had complementary interests, they found

common ground and ways to support each other.  The IEU collaboration was imposed

top-down, existed in a competitive environment (between SRG and FGSC, and be-

tween researchers), and although the researchers shared common general aims it was

hard to form and sustain networks of dependence among the members of the group.

Defined goals.  The Romany group had fairly well defined, shared, short-term goals

which evolved over time.  IEU had shared interests but goals were individual, and
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substantial articulation work to try encouraging the emergence of shared goals was

generally unsuccessful.

Organizational support & culture.  FGSC members involved in Romany received

active support from their management, in terms of diversion of resources to the proj-

ect. This is in line with the culture at FGSC that encourages synergistic, relatively

stable research groups.  SRG, on the other hand, encouraged more individual research

with highly opportunistic redirection of staff from project to project to meet their own

commercial goals. A source of many of Tony’s management problems within IEU

arose from the conflicting organizational and political cultures in FGSC and SRG,

especially in the interpretation of their relative commitments to group outcomes as

defined by the major funding body.

Personal motivation.  Romany involvement was personally motivated, whereas IEU

involvement was directed from the top.  SRG employees are permanent government

employees, so their jobs are secure, whereas FGSC employees are all employed on

‘soft money’.  Ironically this seems to encourage the FGSC and its researchers to take

a focused, longer-term view whereas the SRG researchers tend to have a more indi-

vidualistic shorter-term view. This dissonance in motivation was another source of

conflict within IEU.

Long lead-time.  Romany germinated over several years in Zak and Susan’s minds

before more direct discussions led to it becoming a coherent project. The corporate

activities of FGSC encouraged this evolution. The effective collaborative activities of

IEU also took a long time to emerge. In this kind of research environment, forcing

collaboration is problematic.

Stable core membership.  The membership of FGSC is fairly stable, while SRG

management moved staff around and reassigned researchers in response to short-term

contingencies.  Lack of continuity of social world membership discouraged the

growth of research programs in any case, and the effects of distance exacerbated this.

Understanding the details.  The close physical location of the Romany researchers

encouraged the discussion of the rationale and details of work from which opportuni-

ties for collaboration were recognized. Several smaller collaborations also emerged

from the workshop because of a similar understanding of details. However, the inter-

actions between IEU sites, e.g., via email and formal video-conferencing sessions

tended to encourage only high-level overviews.

Key advances face to face.  While they used a variety of media for communication,

key advances in the evolution of Romany were made via serendipitous or easily ar-

ranged face-to-face interactions. Similar patterns were also found in the IEU collabo-

rations that were co-located. However, face-to-face encounters rarely occurred be-

tween the remote IEU projects.

Technological support.  For the Romany group, technology was used to support

physical interactions in a secondary capacity, using phones, email and the web.  The

case is similar for the co-located members of IEU.  For the distributed members of

IEU, technology was their primary source of interaction. This imposed restrictions on

the styles of interactions that were possible between sites. It also imposed dissonances

that were difficult to overcome, such as differences in the ways that the technology

was used, either by personal preference or other constraints.
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4 Implications for Cooperative Buildings

We turn now to drawing some implications from our study.  We focus first on how

space and culture shaped the IEU and Romany projects, and generalise from there to

organisational implications more generally.  This leads to a discussion of how we

might conceive of designing cooperative buildings in the future.

4.1 Drawing out the lessons of the study

The major lessons of the study are that, while Romany – from a research perspective

– ‘worked’, IEU didn’t.  By ‘worked’ here we mean that spontaneous, meaningful

collaboration grew up among the individual researchers, and blossomed.  We believe

that Romany worked for a number of organisational and spatial (building-related)

reasons, and that IEU failed for the same reasons.  In our minds the two projects are

almost flip sides of the same coin when viewed from this perspective.

There are several fundamental reasons why Romany succeeded: The organisational

culture encouraged the organic growth of new projects; the spatial arrangements of

the participants facilitated their interaction; communication media afforded rich and

varied styles of interaction; and there was the right mix of complementary research
interests. Romany started almost entirely serendipitously, from chance meetings in

hallways and coffee-room discussions.  The proximity of the West Uni researchers,

and the physical layout of FSGC headquarters in Brisbane, with its tightly-packed,

intimate rooms, close location of different groups, and shared kitchen/coffee spaces,

created a climate where this kind of interaction could flourish.  Various levels of

involvement were also encouraged because of the ease of ‘dropping in’.

IEU, on the other hand, while experiencing similar phenomena locally within the

sub-group based within FGSC in Brisbane, did not experience the same kind of

growth of new, exciting, ‘bottom-up’ projects that spanned sites.  The same reasons

apply, but in reverse.  This time, there were significant organisational barriers, im-

posed by problems between FGSC and SRG.  There were differences in culture be-

tween FSGC and SRG – FSGC encouraged close, team-type research projects, SRG’s
culture discouraged such exercises.  Spatially, FSGC researchers are packed together

encouraging interaction, SRG’s IEU researchers are isolated in individual.  The vir-

tual media employed – formal videoconference meetings, email – were insufficient to

overcome the lack of other means for serendipitous and informal interaction such as

coffee-room encounters.  Interestingly enough, when IEU did establish a face-to-face

environment, during their workshops, there were signs that this situation might im-

prove, but organisational barriers prevented effective follow-through.

What has this to do with cooperative buildings?  There are two ways to consider

cooperative buildings – as a work environment enhanced with improved affordances

for local work – this is the advanced war-room or trading-room model – or as a family

of affordances built into the building to help overcome the negative effects of dis-
tance.  A cooperative building could, of course, do both.  Clearly it is the latter that

has our focus in this paper.  The point for cooperative buildings is to support richness

and variety in social interactions. In particular, serendipity, informality, and easy
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availability to one another have a critical part to play in stimulating interaction among

users of a building.

4.2 Services and space in cooperative buildings

Winston Churchill once said “There is no doubt whatever about the influence of ar-

chitecture and structure upon human character and action.  We make our buildings

and afterwards they make us.  They regulate the course of our lives” (cited Brand,

1995).  Our study brings out how Romany evolved because of the physical and or-

ganisational ‘shape’ of the FSGC, and how IEU failed to achieve long-distance col-

laboration because of failures of organisational shape, and the absence of meaningful

substitutes for the lack of physical shape.  It is the latter problem that we could have

expected a cooperative building to overcome.

Of particular importance to us are the ways in which buildings provide services,

and the ways in which the spatial layout of a building helps shape organisational in-

teraction. The latter helps foster informal, serendipitous interaction, ambient aware-

ness of what ‘the other users in your space are doing’, and so on, while the former is

crucial to the development of cooperative buildings.

For example, the FGSC space is well-equipped with almost-ubiquitous power and
network points, and a well-designed networking infrastructure, making services freely

available wherever needed.  Space is, as we have noted, at a premium, so groups tend

to be crammed into very tight quarters which creates an intimate environment well-

matched to an organizational culture encouraging experimentation.  Interestingly,

when a new service was added – ISDN for the videoconferencing – only one service

point was installed in one of the IEU offices.  The resulting lack of flexibility, com-

pounded by the general lack of space at the FGSC, made using the videoconferencing

system for anything but occasional formal meetings impossible.

Cooperative buildings have the potential to radically alter the ways in which serv-

ices and space interact and support organisations.  Indeed, Brand (Brand, 1995) points

to ways in which this is already happening, as advances of computer and networking

technology require that buildings need complete rewiring for communications every
few years. Cooperative buildings change the nature of services quite directly.  They

require the introduction of new services – such as large-wall displays, active-badge

networks, stations and cells for wireless networks, more power points, more data

points, increased wiring in conference and meeting rooms as well as open-plan and

individual office spaces.  They change the consequences of the evolution of services.

For example, a large-wall display surface is a new kind of service, but using it

changes the nature of the space into which it projects – interactions between changes

to services and changes to space become enmeshed.

Cooperative buildings warp the nature of space.  If one wall of my office is a large-

screen display, permanently videoconferenced to your office across the continent, to a

large extent these two rooms ‘become the same space’ (Dourish and Bly, 1992).
There are a myriad of implications of this – limitations of space, structure and site can

be overcome by enhancing the services properly, management can extend their or-

ganizational reach, groups can form and re-form more easily, with less spatial reori-

entation.  But this assumes a level of sophistication in the services well beyond what



www.manaraa.com

77

is possible at the moment. Our studies – and common sense – point to the continued

need for co-location, at least for some periods of time, as an essential element of inti-
mate interaction.

4.3 Designing from the sociology to the structure:  Applications of pattern
languages

However, by far the biggest implication of our study is the overriding importance of

social and political factors.  This implies that we should conceive of cooperative

buildings from the needs of the buildings’ occupants.  In a well-designed building, the

needs of the users initially shape the space appropriately.  Over time, as Churchill

pointed out, the space then reshapes the users.  In a cooperative building, even in their

current nascent form (regular buildings with networks), we should rephrase this as: In

a well-designed building, the needs of the users initially shape the space and services

appropriately.

One possible way to design from this perspective is to look to design techniques

that treat social issues and needs equally with structural and construction needs in

building.  We contend that the Locales Framework can give us a way of deconstruct-

ing and understanding the structure and dynamics of organisations and groups,

thereby providing us with a powerful tool for identification of critical issues and
problems.  To carry this through to design, we believe it would be hugely profitable to

draw on Alexander’s work on patterns and pattern languages.

Alexander developed the notion that any building is constructed from a collection

of patterns.  These can be thought of as idioms of design and construction that capture

the essence of a certain aspect of, e.g., a room, building, street or neighborhood.

Individual patterns can be combined to form pattern languages that can in principle be

used generatively as a formative part of the design and construction process (Alex-
ander, Silverstein et al., 1975; Alexander, Ishikawa et al., 1977; Alexander, 1979).

A pattern is a solution to a problem in a context.  Grounded in practical experi-

ence, a pattern should articulate a problem, a context in which that problem arises,

and a solution in that context. One of Alexander’s famous patterns concerns Alcoves.

The problem here is that, while family members like to interact together and be close,
they also like privacy and need space for individual activities.  The solution is to de-

sign communal living space so that it contains a collection of alcoves, which can be

used by family members for private activities while not withdrawing completely from

family activities.  Note that the pattern captures the essence of a design idea but does

not prescriptively indicate how to realize it (although suggestions or example can be

offered as part of the pattern) – patterns should be used interpretively.  Note also that

the captured essence is to do with a social phenomenon and possible solutions through

arrangement of space and services that ease the burden, not directly with physical

layout.  This is typical of almost all of Alexander’s patterns.

The concept of pattern languages has also been applied to other domains, for ex-

ample, organisational structure and dynamics (Coplien, 1995).  Coplien’s pattern
language identifies ways of ensuring that software development organisations work as

seamlessly as possible. One of Coplien’s famous patterns – Conway’s Law – points to

problems with communications breakdowns in software development organisations
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whose organisational structure and product architecture are not well-aligned, and

suggests ways of reorganising to reduce these impedances.  Again, note how an or-
ganisational, social problem, is the issue, and the pattern identifies ways of reshaping

to overcome the problem.

Recall that a pattern is a solution to a problem in a context.  We suggest (and

studying Coplien and Alexander bears this out) that the ‘problems’ are almost in-

variably social or interactional.  Further, we believe that the problems identified in

these pattern languages are invariant.  Changing from physical to virtual space, intro-

ducing new technologies, or any of the other technological affordances of cooperative

buildings will not change these problems or make them go away.  What might change

is the solutions.  For example, Alexander’s solutions are almost all cast in terms of

ways of conceiving of structuring space, Coplien’s in terms of structuring organisa-

tions.  It’s possible that, as we move to cooperative buildings with richer services,

some of the solutions will change, but the problems never will.  For example, several
of Coplien’s patterns suggest physical relocation of groups to improve communica-

tion and remove problems; in a cooperative buildings universe, other solutions to do

with changing communications services might solve these problems equally well.

We believe that a synthesis and reinterpretation of these different pattern languages

can lead to a powerful, abstract model capturing the essence of the critical issues in

the design of cooperative buildings in the future.  As pattern languages are of neces-

sity based in experience, this is a hypothesis that we will attempt to prove in the next

several years.

5 Conclusions

Although blessed with a substantial nugget of advanced communications and collabo-

ration technologies, the IEU failed to build a meaningful, synergistic, distributed

group structure, degenerating instead into several smaller, independent units.  The

reasons for this are mostly organizational and political rather than a reflection of fail-

ures of the technologies alone.  We believe there are salutary lessons in this for the

cooperative buildings community.  No one will ever use a co-operative building for

its own sake.  Rather, advanced constructions of this kind will be taken up because

they afford significant advantages to their user communities.  It behooves us to ensure

that we take serious account of how we facilitate this along with the evolution of the

buildings themselves.  The question of how to design cooperative buildings to do this

remains an open one.  However we suggest that the kinds of approaches and sensi-

tivities to social and interactional issues as driving forces that Alexander pioneered in

his work on pattern languages and design processes are the basis for a fruitful begin-

ning.
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Abstract. The Department of Architecture at the Massachusetts Institute of

Technology has conducted a series of experimental design studios, as part of a

larger ongoing research endeavour called The Design Studio of the Future, an

interdisciplinary effort focusing on geographically distributed computer-

mediated design and work group collaboration issues. A recent exploration was

a collaborative design project joining geographically dispersed design students,

faculty, researchers, and practitioners from Kumamoto University, Kyoto In-

stitute of Technology, and MIT to examine the nature of computer networked
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collaborative environments and advanced computer-aided design technologies

to support architectural education and practice. This paper will describe this

project, which provided the students and faculty members with practical experi-

ence in the use of emerging technologies for collaboration, design, and commu-

nication in both the day-to-day activities of distributed groupwork as well as in

the more formalized reviews.

Keywords. architectural education, collaborative design environments, com-

puter-mediated communication, geographically distributed design, social proc-

ess of design, teamwork, telecommunications, virtual design studio

1 Project Overview

The Kumamoto-Kyoto-MIT (KKM) project, a five week virtual design studio con-

ducted in the summer of 1996, was one in a series of explorations forming the ongo-

ing research of the MIT Design Studio of the Future. The Design Studio of the Future

project is an interdisciplinary effort between the School of Architecture and Planning

and the School of Engineering focusing on geographically distributed electronic de-

sign and work group collaboration issues that are important in establishing prototypes

of innovative design environments. These environments are ones in which the aggre-

gation, sharing, and understanding of intellectual resources and expertise from a di-

versity of people, places, and disciplines act as a major factor in a collaborative de-

sign process. The KKM project provided an experience of working in such a proto-

typical design environment.

     The KKM Project joined geographically dispersed design students, faculty, re-

searchers, and practitioners from Kumamoto University, Kyoto Institute of Technol-

ogy, and MIT into a virtual design studio established through the Internet. Precursors

to such a virtual design studio, in which design participants distributed across space

and time collaborated, communicated, and prepared joint design proposals in an elec-

tronic environment, include projects as early as a 1991 studio between design students

at the Graduate School of Design at Harvard University and the School of Architec-

ture at the University of British Columbia (Wojtowicz et al., 1995), projects more

recently at MIT, and studios at the University of Sydney (Maher et al., 1995) among

others.

     The intent of the KKM Project was to explore, through experience, not only issues

of collaborative design work, but also the social nature of a computer-mediated design

environment forming a distinctive design community with existing and emerging

telecommunications and computer-aided design technologies.

1.1 The design problem

The framework for the design problem for the KKM studio was established through

the design requirements for an actual project for the Kumamoto ArtPolis ‘96 Interna-

tional Architectural Exhibition. Kumamoto ArtPolis is a group concerned with the
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of the region.

     The KKM studio’s task was to design an urban structure for the exhibition, an

"ArtStation", on a vacant site adjacent to the Kumamoto Castle. The project was con-

ducted as a competition where the ideas from the winning scheme would be used for

the realization of the actual structure by Koji Yoshii, the designer originally given the

commission, for the exhibition in November of 1996.

1.2 The participants

The participants of the project included nine graduate students, three from each loca-

tion, who were the designers of the project. Also involved was a team of design fac-

ulty members, researchers, graduate students, and practitioners who acted as design

critics, technical support, and advisors. The challenging task of this diverse group was

to work together on a common design project despite differences in location, time,

language, and culture.

1.3 The technological tools used for design communication and design
collaboration

The KKM project used synchronous and asynchronous technologies for collaboration

within the virtual studio. Because of the large time difference between the sites, asyn-

chronous communications, such as electronic mail and the postings of images, CAD

data, and text on the World Wide Web (WWW), were heavily used. The WWW was

the central "place" of the digital studio. It initially served as a database for displaying

design information for communal access. Subsequently, it became the medium for

communication where design material in a variety of forms, including text, sketches,

images, video, CAD models, and digital renderings, were presented and transferred

for elaboration. Lastly, at the end of the project, the site on the WWW became a

knowledge-base; it represented the collective design knowledge, impressions, and

speculations of possible design instances for the project, including the winning

scheme.  It was with this design knowledge-base that the final physical construction

was conceived (Fig. 1).

For synchronous communications, video conferencing technologies were employed

(Fig. 2). We used the PictureTel system over ISDN lines for the more formalized
intermediate and final reviews making a connection with all members of the project.
The set-up was based on past virtual design review experiences at MIT (Shelden et
al., 1995).

For the informal sessions, the participants used CUSeeMe to meet with their col-

leagues. During all these synchronous sessions, the home pages on the WWW formed

the backbone of the discussion. Timbuktu was also used as an application sharing tool

to connect the participants and the design material being developed at the different

sites. These technologies provided the building blocks for the virtual studio space.
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Fig. 1. Final ArtStation; photo and model.

Fig. 2. Video conferencing at final review at MIT.

1.4 The organizational structure of the design collaboration

The participants were organized into three design teams, with one member from each

university. This kind of organizational structure was established to encourage distrib-

uted collaboration and cross-fertilization of design ideas between the members of

each site. This organizational format not only maximized the need to utilize telecol-

laborative tools during the entire design process, but it provided a means of sharing

local expertise about the site and the city of Kumamoto. Because the program re-

quired a deep understanding of the project’s site and an intimate knowledge of the

culture, each team’s participant located in Kumamoto was the essential place-based
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liaison for his virtual teammates whose only notions of the physical site were through

images, computer graphics, video, and written and verbal impressions, all contribut-

ing to a kind of simulation of the actual site.

The design teams were formed by nominations of the students themselves. We

used video conferencing sessions prior to the start of the project for some informal
introductions and general inquiries about the nature of the design of the structure.

These inquiries, together with photos, video, and CAD models of the site, were as-

sembled on a webpage. In the first week, the nine designers used this database of

information about the project to develop individual ideas for the design. This type of

introduction to the studio was used to encourage the designers to quickly leap into

spatial concepts about the monument early in the design process. The students placed

their initial ideas on individual webpages for a group review.

This collection of webpages (Fig. 3A) and the intellectual resource it represented

created a type of "marketplace" of design ideas forming the basis for understanding

the design orientations of each participant. The students, through this presentation,

were able to prioritize their nominations for potential teammates. Although it was the

final act of the advisors who matched team members by grouping compatible design
ideas displayed on the individual webpages, taking into consideration the students’

choices, we may imagine the possibilities of computational agents helping in this

process of team formation.

Fig. 3. A. “Marketplace” of individual webpages for team formation. B. Example of a team

webpage.
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Once the three design teams were formed, each team was asked to nominate mem-

bers to fulfill certain team coordination tasks in addition to their design responsibili-
ties. These roles included a team webmaster (WM), a team minutes-taker (MT), and a

team schedule coordinator (SC). These coordination-oriented functions were distrib-

uted between team members and location.  Fig. 4 summarizes our process of team

formation and assignment of sense-maker roles.

Fig. 4. Team formation and task assignments.

The team webmaster had the task of constructing and maintaining a team webpage

(Fig. 3B) for use in the team presentations. This page served as a consensual docu-

ment which illustrated the development of ideas and designs produced by the collabo-

ration. It also linked to the individual webpages, or personal digital sketchbooks,

maintained by each team member.

A second member of each team was the meeting minutes-taker, who recorded the

proceedings of team meetings and discussions, both synchronous and asynchronous,

between team members and design critics. The third member was the schedule coor-

dinator who would determine the need for and coordinate the times of team meetings,
ensuring effective communication between the sites.

Although these roles seemed time-consuming and mundane, they were important

in establishing a common understanding of the development of the design as well as

in the making of a coherent presentation to the critics. All the roles needed an intimate

connection to the team’s process of design and the designed artifact. The webmaster’s

page construction was designed to reflect and communicate the overall architectural

idea. The minutes-taker was forced to interpret the concepts and comments of his

colleagues.  This activity helped to highlight misunderstandings and ambiguities of

both natural language and architectural language. The schedule coordinator had to

understand both the collaboration process and the design progression to be effective.
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These roles were used to bring to light and to help ease the often complex and con-

fusing issues of collaboration within design teams.
Although the design teams approached the collaboration aspect of the project in

slightly different ways, all of the teams did consider their design as a truly collabora-

tive effort, in that they all attempted to amalgamate each team members’ idea to form

a single overall concept. This predominate mode of collaboration may be considered

"single task collaboration", where "the resultant design is a product of a continued

attempt to construct and maintain a shared conception of the design task. In other

words each of the participants has his own view over the whole design problem and

the shared conception is developed by the "superposition" of the views of all partici-
pants" (Maher et al., 1996).

Once this "shared conception" was grounded within the team’s design idea, other

collaboration techniques were used to stimulate innovative design development. One

team divided up the design concept into parts, such as the structure, materiality, and
landscaping, and delegated these parts to each member for in-depth investigation for a

limited amount of time after which they would regroup and share their findings. An-

other team used a relay approach where the entire design was passed from one mem-

ber to another for elaboration. The member with the design would act as master de-

signer for a limited time period. The proposal would be evaluated and then passed on

to the next designer. These collaboration techniques were successful because there

existed a consensus on the overall architectural concepts.

2 Interweaving Collaborative technologies with Social Practices: 
Some Preliminary Observations

Throughout the design project, the designers showed remarkable skill and speed in

their appropriation of the collaborative technologies for their group work processes.

During this studio and others we have conducted, the original premise was to emulate

actions and interactions traditionally found in place-based studio work; in effect, they

were investigations on how collaborative technologies can be adapted, altered, or

matched to existing design practices. Frustration and innovations occurred when in-

compatibilities were found between the existing collaborative technologies and the

communication activities in which we actually engage in order to convey design
ideas. This emulation is important in developing new features and functions of tech-

nologies that may be customized to particular design communication and collabora-

tion needs. However, in addition to this flow of examination, we should also consider

the notion that no technology is value-free and that we are affected by the technolo-

gies that we use. This symbiotic relationship between technologies and social prac-

tices in design environments encourages the idea that critical re-evaluations of actions

and interactions within the social process of design, from the organizational and social

structure of a studio to the conventions for communicating design ideas, may be as

important as, if not more important than, the development of the technologies that

actually support these new practices.
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Included below are some preliminary observations from particular examples of the

KKM project which may give some initial insights to both the types of technologies
desired and the types of practices fostered by telecollaboration.

2.1 Adapting technologies to collaborative processes

The electronically distributed design studio required the students to not only negotiate

their positions on design issues, but also to determine the most effective means to

communicate these ideas in a timely fashion through telecommunications. We begin

to see some of the characteristics of collaborative tools desired by designers in a vir-

tual environment by the manner in which the participants appropriated the existing

technologies to their collaborative needs.  Such characteristics include:

− Recording Interactions versus Actions
The WWW served the project well in acting as a repository of design material pro-

duced by the actions of the participants, such as the digital artifacts made by a variety

of CAD packages. The history of these actions was recorded on the webpages. The

actual intellectual power of collaborative design communities, however, resides in the
interactions between participants rather than in the display of individual actions. The

recording of the history of video conversations, shared workspace sessions, and

streams of graphic annotations to convey threads of communal thought processes

from distributed participants were not supported systematically.

The need for such support was accentuated by a simple "comment tool" used by

the students. One team strongly encouraged the use of this tool, which recorded all the

written correspondence between the team members and the design critics onto the

team webpage.

The tool provided a systematic way of recording streams of thought by allowing

continuous additions of comments to existing comments forming a coherent thread of

conversation. A numbering system helped to locate the incoming commentary as

insertions to the ongoing dialogue. It was successful as a mechanism for providing
discrete and inter-relational evaluations of the current design concepts by the partici-

pants as well as creating a storyline for outsiders to follow. The participants preferred

this representation of correspondence over email.

Although the comment tool worked well with textual commentary, sometimes sup-

plemented with graphic explanations by the insertion of images, there was still a need

for quick and easy graphic and written annotations to existing design material.

− Responsive Design Correspondence Management
Despite the usefulness of the comment tool, the congestion on the Internet and the

speed of accessing highly graphic webpages forced the students to use other tech-

nologies in unexpected ways. One such way was the students’ use of email as a forced

synchronous technology during the hours prior to a formal presentation. Team mem-
bers knew through familiarization and accepted notions of social practice that all

members of the teams would be working at their computer stations prior to the re-

view. They passed quick inquiries and progress reports to their partners via email
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instead of utilizing other synchronous video or talk facilities because it was fast and

reliable when coupled with the social norm of immediate responsiveness.
Outside of these peak work hours, participants complained of not knowing if mes-

sages were received, read, and/or understood. This frustration showed some need of

responsive design correspondence management where participants could communi-

cate acknowledgements of design information exchange in a systematic manner.

− Degrees of Reliable Interactive Communication
Similar to the unexpected use of email as near synchronous communication of non-

complex information during certain types of design sessions, the students also appro-

priated video conferencing to their specific needs at different stages of the design

process.

The students had unlimited access to CUSeeMe for their informal discussions. At

the beginning of the project, the degree of interactivity desired was high. The students

wanted to see and speak to each other in addition to sharing a single digital work-
space; that is, they required the international meeting to emulate a face-to-face session

where facial expressions, gestural language, and eye contact form the basis for a

shared understanding of a situation. Because there was a low degree of social famili-

arity among the participants and a high degree of complexity of design information as

they dealt with conceptual design ideas, there was a need for highly interactive tech-

nologies at the beginning of the project.

Near the end of the project, however, the students rarely used CUSeeMe for vali-

dation by viewing their partners’ facial expressions. Curiously, they used CUSeeMe

for obtaining some shared space, such as the "talk" window which allowed synchro-

nous communications through text and the camera for sharing spontaneous drawings.

The reliability and the quality control of the text window seemed to be more manage-
able than the quality of verbal communications for the students who had to grapple

with a language barrier as well as a bandwidth limitation. This reduced need for total

interactivity, which further dropped to simple email correspondence, may be attrib-

uted to an increased social familiarity, in terms of both the team dynamics and the

project itself, and a change in the type of design activity from a collaborative concept

formation phase, dealing with subtle and complex design issues, to an act of refine-

ment of design parts where there existed already a shared design conception.

2.2 Emerging practices from collaborative technologies

Using telecollaboration technologies in our everyday activities inevitably transforms,

sometimes unknowingly and unwillingly, the manner in which we think about and do

our work. The appropriation of such technologies and the social practices that emerge

from their use create simultaneously the collaborative design environment. The un-

derstanding of this relationship of the technologies and the associated social practices

may be a way to better comprehend the design process and to develop tools to support

and mediate activities in this new process. Some initial observations of the practices

and behaviours of the designers of the KKM studio are briefly described below.



www.manaraa.com

− Shared understanding and rituals
Cuff (1991) described "prevailing practices and rituals" in her ethnographic study of

architectural offices, where patterns of behaviour were observed through recurrent
situations. She considered these patterns of activities to be loaded with symbolic

meanings that expressed the value-laden culture of the office. We can begin to see

such shared understanding of practices or rituals developing in the KKM project. As

the degree of familiarity increased with experience and duration of the project, the

teams developed their own individual methods and ethics of collaborative work.

     One instance of a shared practice was a team’s pattern of navigation through the

group’s webpages at the start of each day. Team A’s members started their work

session by first checking the comment page for new developments. The shared under-

standing of this daily ritual, however slight, by all the team members made the com-

ment page to be a powerful communal "place" for communication.  Other rituals

which involved more subtle aspects of formal and informal power struggles and de-

sign roles were more difficult to concretely decipher, but the fact that the participants
were vocal about their expectations of their partners’ performance may indicate that

these rituals did indeed exist.

− Community Building
In our intention to encourage the use of the computer for design work and to build a

solid distributed design community with telecommunication technologies, we unex-

pectedly lost, as a side-effect, much of the camaraderie and expertise sharing among

designers working in a common physical studio environment. The designers at MIT

were not designated a common physical studio space. They, therefore, opted to work

at their preferred individual locations, dispersed across campus. The use and emphasis

placed on telecollaboration tools surprisingly dismissed, in the minds of the MIT

designers, any need to nurture a place-based studio spirit despite its ingrained impor-

tance in architectural school culture. Because all of the design material was stored in

the closed box of the computer, yet considered to be globally accessible via the Inter-

net, the students did not lament the loss of physical pin-up and work space. We be-

lieve that the inclusion of such a communal physical space would have changed and

ameliorated the nature of the collaborative experience of the KKM project at MIT.

− Methods of Collaborative Design Understanding
One of the major barriers of the project, as expressed by all the designers, was one of

natural language. Because the meetings were conducted in English, subtleties of ver-

bal language, which can be very important in communicating design knowledge, were

difficult to send and receive between the two sites. The telecollaboration technologies

also restricted the channels of communication of subtle cues in human interactivity

which usually help to lessen verbal language barriers.  To overcome this barrier, all

the teams adopted the use of "monumental words" or keywords that were understood
by all participants. This method served as a starting point for design collaboration.

Through these keywords, which may be considered one mode of abstraction of more

complex ideas, the teams constructed interpretations and concepts through a graphic

language (Fig. 5); a language to which all designers were accustomed.
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Fig. 5. Team members’ dynamic interpretations of the keyword “whirlwind”.

3 Learning from the KKM Project

The preliminary observations of the KKM studio provided us with some insights for

our next iteration of virtual studio experiences and for future research directions in

collaborative design environments.  We have divided these insights in three intercon-

nected realms: mediated design communications, technical aspects of collaborative

tools, and organizational and social practices of design teams and communities.

3.1 Design communications

The restricted channels of communication of the virtual design studio have made

apparent the need for establishing a language of communication that is specifically

intended for conveying design knowledge. The students in the KKM studio developed

a language of design communication through their use of keywords to initiate a proc-

ess of design collaboration by acknowledging a shared understanding of a limited set

of carefully chosen words.  We may consider this abstraction of verbal language into

keywords to be extrapolated to abstractions of graphic design information for devel-

oping a shared understanding for collaborative elaboration. Furthermore, we may
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consider the formalization of a language of collaborative communication through

designer or computational design agents that perform:

− translations of keywords into graphic material

− translations of graphic material into keywords

− abstractions, transformations, and elaboration of graphic design material according

to keywords or concepts.

Also embedded in the collaboration process are conventions of interactions, or

rituals, that are specific to a team.  These may be formalized by the team members

themselves to begin to establish a particular design culture as they interact in the

digital environment.

3.2 Technical aspects of collaborative tools

The KKM studio helped to determine some technical aspects of collaborative tools

that could be incorporated in new technologies to ease communication and coordina-

tion in digital design environments.  These include technologies that encourage and

provide:

− rapid, reliable, and responsive interactive communications of complex design in-

formation

− dynamically adjustable bandwidth management for supporting varying degrees of

interactivity

− recording of synchronous and asynchronous interactions in meaningful formats

− spontaneous and easy annotations of design materials in shared graphical work-

spaces.

3.3 Organizational and social practice of design teams and communities

The addition of geographically dispersed nodes of participants has important implica-

tions on design teams and design communities in architectural education and practice.

The use of telecommunication technologies to support and mediate collaborative

design work requires the re-examination of the roles and activities of designers. It is

this study of the organizational and social process of design that can help us to create

a non-place-based design community that complements a newly understood place-

based one.

We attempted to implement a structure to build specific design communities as il-

lustrated in Fig. 6 which included a project-centred community, consisting of the
project teams; a place-centred community, involving the participants at their respec-

tive physical locations; and a task-centred community, revolving around the func-

tional activities of the advisors, the webmasters (WM), the meeting minutes-takers

(MT), and the schedule coordinators (SC).
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Fig. 6. Organized communities in the virtual design studio.

The project-centred community showed the strongest coherence, as can be demon-

strated by the high level of design work produced.  The other communities, especially

the place-centred one, need further intervention in our future research. Establishing

methods of interweaving both the physical and the virtual studios, with their accom-

panying social practices, to form a new culture of design would be an interesting and

challenging task for our next iterations of experiences in the Design Studio of the

Future.

4 Summary

"The most overarching observation is that the production of places is a social process.

That is, a very basic task of architectural work is to collect all participants, both in the
office and out, to develop a manner of working with them and to interact with them in

order to create a design solution. This task, the social process, is significant to the

form-giving task of architecture, for it is from this human constellation that the

building’s final form emerges. This simple but radical proposition is that design itself

is a social process" (Cuff, 1991).  It was in the spirit of Cuff’s broadening of the proc-

ess of architecture to include the social and cultural conditions of the act of design

that we considered the Kumamoto-Kyoto-MIT case study in this paper. Although the

professional practice of architecture is rarely an individual act, the idea of collabora-

tive design communities is rarely explored in design education. Emerging telecollabo-

ration technologies which bring together geographically distributed multidisciplinary

design teams have helped us to approach Cuff’s insistence of a "social art of design"

(Cuff, 1991). The experiences of this project and other experiences of the Design
Studio of the Future initiative are aimed at constructing a better understanding of the

complexities found in the social process of design that she describes. This process is

emphasized by the current and future design contexts which include computational

tools to facilitate the sharing, presenting, utilizing, and interpreting of design ideas

and intelligence across disciplines and distance.
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The KKM studio demonstrated the possibilities created by telecommunication

technologies, coupled with thoughtful social and design practices, in helping design-
ers to transgress boundaries of time, place, and culture to form a basis for sharing

expertise, interactively building knowledge, and establishing a design community.

As in any design process, the lessons learned from the experience of the virtual

project will provide valuable insights for its refinement in the next iteration of ex-

perimental design studios. It is through this continual investigation that we hope to

advance the development of integrated physical and virtual environments which fa-

cilitate the collaborative aggregation and communication of expertise in design fields

involving clients, researchers, professionals, students, and practitioners of related

disciplines and from across boundaries of time, space, and culture.
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Abstract.  This paper introduces the concept of Adaptive Rooms, which are

virtual environments able to dynamically adapt to users’ needs, including

‘physical’ and cognitive workflow requirements, number of users, differing

cognitive abilities and skills.  Adaptive rooms are collections of virtual objects,

many of them self-transforming objects, housed in an architecturally active

room with information spaces and tools.   An ontology of objects used in adap-

tive rooms is presented.  Virtual entities are classified as passive, reactive, ac-

tive, and information entities, and their sub-categories.  Only active objects can

be self-transforming. Adaptive Rooms are meant to combine the insights of

ubiquitous computing -- that computerization should be everywhere, transpar-

ently incorporated -- with the insights of augmented reality -- that everyday ob-

jects can be digitally enhanced to carry more information about their use. To

display the special potential of adaptive rooms, concrete examples are given to

show how the demands of cognitive workflow can be reduced.

Keywords. cooperative buildings, collaboration, cognitive workflow, cognitive

ethnography, ontology, virtual collaboration, virtual environments, virtual ob-

jects

1 Introduction

The goal in designing virtual collaborative environments is to allow individuals to do

everything they can do in real shared spaces and more.   As in real spaces people must

be able to talk to one another, move around, make diagrams, build models, highlight

points of interest for others to consider, and jointly edit documents or 3-D models.

The ultimate promise of virtual reality, though, is that users will be able to do things

they cannot do in real life: they will be able to conduct new kinds of scientific, busi-

ness and social explorations via meetings held in “outer space,” within a “molecule,”

inside the “combustion chamber” of an automobile engine, suspended in the “atmos-

phere” above planet Earth, or in Ms. Frizzle's Magic School Bus.   In such cases,

users will be able to jointly interact with simulations.   One particular aspect of this

interaction we are exploring and will report here is how to design virtual environ-
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ments to dynamically adapt to the workflow needs of participants – both `physical’

workflow and cognitive workflow.  How should we embed simulations, information

spaces, and other computational tools into virtual environments to facilitate collabo-

rative activities?

Workflow adaptation is a thorny problem.  At the most familiar level, collaborative

workflow is understood in a pragmatic or `physical’ manner as the activities and sub-
activities – the tasks and sub-tasks -- which collaborating partners perform.   Any

typical job, such as assembling an electric motor, can be decomposed into a lattice of

component activities.  Parts must be collected, compared and sorted, then aligned

correctly and fastened.   Because some of these activities must be performed before

others there is a partial temporal ordering on the task decomposition, hence the use of

a decomposition lattice.  In ordinary physical environments, collaboration makes this

lattice more complicated because we must also decide who will do what; but the tem-

poral structure of the job remains essentially the same.  In this context, it is clear what

an adaptive room should do: It should adapt the space, furniture and resources avail-

able, to the special needs of each sub task.  If the task of comparing the parts requires

lighting that is brighter than normal, then when that subtask is being performed the

lighting should automatically be brighter.  If the task of sorting parts requires special
bins in which to group parts, then for the sorting phase new bins should appear as

needed.  Similarly, if alignment is facilitated by a jig, then a jig should be present to

hold or re-orient the main motor.  The list of useful adaptations can be extended.  If

several people wish to help in the assembly, and they have not decided to work sepa-

rately in assembly line fashion, then the physical space around the main assembly

platform should expand to comfortably accommodate more people.

This last adaptation – morphing of walls and furniture -- is one we expect to arise

in most collaborative tasks in adaptive rooms. Unlike ordinary physical environments

where limited space and chairs around a table or computer screen invariably means

that some people must stand, in virtual rooms, any number of avatars can be seated

because we can expand or deform the table to accommodate convenient placement of
chairs.   The computer screen, the whiteboard and bookshelves, the corkboard and the

stick'ems, can all adapt.  Any facet of the environment that is not currently useful may

be temporarily removed.   Any facet of the environment that might be useful may be

temporarily added.  To take another example,  if I have been using my office to write

an essay on adaptive rooms, and my collaborators on a different topic arrive, it is

likely that my messy desk will be an inconvenience to us all.  Since I wish to keep the

state contained in the arrangement of papers on the table, but I also wish to have the

workplace optimally configured for my current collaborative activity, I will either

create a new room for this new collaboration, or adapt my office.  Because the prolif-

eration of virtual rooms for each collaboration and each activity would soon become

disorienting and awkward, a better solution to this problem is to have my books and

papers contract to a 3D icon, my bookshelves recede, and the whiteboard expand, all
to return automatically when my visitors leave.   If social needs require it, extra chairs

may be whisked into the room, and any writing pads, markers and related office sup-

plies can be provided as needed.

Adaptation to workflow conceived of as physical task decomposition is a problem

designers deal with daily.    It may seem, therefore, that although going virtual adds

options to the design space, it adds nothing, in principle, to the design problem itself.
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That is, whatever workflow requirements there are in physical space, the same re-

quirements still apply in virtual space, though we now have new ways of meeting
them.  Surprisingly, this is not correct.  Virtual environments allow us to create novel

task decompositions.  For instance, returning to our assembly task, a challenging

assembly problem can be tackled by many people simultaneously in ways that are

simply impossible in physical environments.  Consider the possibility of  four people

each working with clones of the same parts, all trying to find their own solution.
1

  In

the physical world, instantaneous cloning is not possible; an object can be in only one

place at a time; and any clones that are created soon develop their own histories and

separate identities.  Changes in one clone cannot be instantly propagated to all the

others.  The result is that many of the task decompositions we face in the everyday

world are the product of physical invariants.  Eliminate these physical limitations and
the task lattice may be altered.

The same possibility of changing the underlying constraints of a task applies to the

cognitive dimension, the cognitive workflow of a task.  Cognitive workflow may be

conceived of as the changing pattern of cognitive demands placed on an agent as it

performs the various component activities of a task.   It reflects a task’s cognitive

decomposition.  In the subtasks of assembly for example, there are going to be more

or less demanding phases for memory, perception, planning, and so forth.   What

makes identifying the cognitive workflow of an activity particularly difficult to an-

ticipate, is that agents develop cognitive and interactive strategies that alter the cogni-

tive landscape of a task.  Cognitive strategies evolve in partial reaction to the re-

sources that are available.  If there is a writing pad nearby, and people have memory
tasks, sooner or later they are going to discover the utility of writing down what they

have to memorize.  Memory can be offloaded.  Similarly, people can learn to put their

eyeglasses in a standard place, saving them from having to remember where they last

laid them down.  There are countless techniques of this sort, countless ways people

discover of reconfiguring the cognitive costs of a task.  Returning to assembly work-

ers, if they have visualization tools which let them simultaneously view an emerging

assemblage from different perspectives, the cognitive effort of mental rotation, nor-

mally required to determine if a candidate piece would be well placed, can be re-

duced.  Similarly, if workers can peak over their shoulders to see what their col-

leagues are doing, they need not remember some of their earlier decision rationales.

They can simply switch to another’s assemblage if it seems more promising, or re-

view how things would have worked out had they themselves pursued a different line
of attack earlier.  Perhaps they then will `jump’ back to an earlier state, quickly un-

doing their previous decisions.  Or perhaps they can be given the equivalent of layers

in which to work, thereby making it possible to undo some decisions but leaving

others.  To be sure, as we create new assembly environments and tools, there will be

complex problems of coordination both at an individual and a group level, when sev-

eral lines of attack prove fruitless and collaborators must decide whose assemblage to

pursue and how far to backtrack.  These will raise new cognitive demands of their

own.  But such problems are virtuous, since they offer the possibility of all parties

benefiting from parallel search.  We cannot predict in advance how much this will

reduce the overall complexity of the task, or what the complexity-performance trade-
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 I am grateful to Dave Nadeau for valuable conversations about the cloning problem in VE’s.
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off will look like.  The point stands, however, that in a virtual environment the notion

of workflow, both cognitive and `physical’ workflow, is not as constrained as in true
physical environments.  The challenge of designing adaptive rooms, accordingly,

promises to be an ongoing one, raising issues never before anticipated.

Given the exciting possibility of altering the structure of a task by altering the

`physical’ constraints of the environment in which it is performed, adaptive rooms

raise the provocative hope that they may take ubiquitous computing – a chief motive

for creating adaptive rooms --one step beyond its currently envisioned form.  The

original idea of ubiquitous computing, (Weiser 1993), is that a single computer should

not be the locus of computation in one's home and business environment.  Technology

should be embedded and distributed in the physical environment  in an invisible and

transparent manner.   In a rich `UbiComp' environment there would be hundreds of

computationally driven gadgets or smart appliances throughout, each one part of a

larger system of coordinated devices.   These objects transmit and receive signals
from neighboring objects and often act on them in a context sensitive manner. Many

of the objects communicate tacitly, using ambient sensing, such as sonar or video to

pick up change.  Although these objects do not transmit coded signals to each other

they still interact in helpful and often apparently intelligent ways.  In particular they

are not intrusive.  A classic example is a sensor which recognizes my entrance and

adjusts the room temperature, lighting, and music, to my preferred levels.  As I move

about, sensors of this sort will interact with the phone system and help decide which

phone to ring and whether to use a distinctive ring for me.  If I close my door after a

colleague arrives, my room will `know' I wish privacy and route my telephone calls to

voice mail.  When I sit down at a computer monitor the blinds will draw appropriately

to prevent glare.   Some of this coordination is achieved through explicit signaling
between devices, other aspects of the coordination is achieved tacitly by detecting my

movement through ambient sensing.

Our goal in adaptive room research is to unite the power and flexibility of virtual

environments with the insight of ubiquitous computing.  In effect, it is to simulate the

behavior of systems of future smart objects, and to enhance the possibilities of ubi-

comp rooms by using digitally enhanced objects. To properly design adaptive rooms

along these lines we must be sensitive to three requirements.

1. The various cognitive and physical workflows occurring within it;

2. We need to tune rooms to the social needs of users as they interact.

3. We need to maintain environmental coherence across room changes. Adaptive

rooms are supposed to be comfortable habitats, not Alice in Wonderland night-

mares.

The remainder of this paper has two parts.  In the first and largest part, I discuss the

ontology of objects necessary for understanding and designing adaptive rooms.  In the

second, I offer a few illustrations of how cognitive workflow can be changed by the

clever use of environmental resources, and a brief example of how these workflow

ideas figure in a collaborative task.  I then draw a few implications for the design of

adaptive rooms.
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2 An Ontology for Adaptive Rooms

The highest principle of HCI design holds that it is the environment which should be

adapted to users rather than users who should have to adapt to the environment.

Characteristically, this has meant organizing the layout and tools available in a soft-

ware application in a convenient and customizable way to make it easy for users to

rearrange their working environments the way they like.   When this principle is ex-

tended to more dynamic virtual environments, where environments may automatically

adapt to users’ activities in more sophisticated ways than simply activating and deac-

tivated tool sets or changing the position of icons, a host of new problems arises that

are associated with naturalness of change, plausible adaptation to context change and

environmental coherence.  If the result of changing a room to accommodate a change

in the social context, such as shifting from a discussion to a Powerpoint presentation,

is to change the design so radically that the new room bears little resemblance to its

previous self then it hardly makes sense to call the newly designed room the same

room as the original.  It will have been stretched beyond recognition and the cognitive

benefits to the user of knowing where he or she is spatially will be destroyed by the

confusion that arises from cognitive disorientation.

To properly understand such problems requires empirical study of people's reaction

to room adaptation - an empirical study we are just beginning.  To be sure, there is

empirical precedent for room redesign in the reconfigurable walls which Le Corbusier

promoted in the 1930's and 40's, (Le Corbusier, 58), and the open plan education

movement in the United States of the 1950's, (Bay, 79),  which further developed

some of these ideas.   But the physical rearrangement of walls and furniture to meet

the educational and activity needs of groups was not an architectural transformation

which happened automatically and transparently.   There were no invisible agents and

smart objects acting behind the scenes making adaptations in response to the physical

task and social cues in the environment.  Rather an open plan room was reconfigured
only after a sustained process of discussion and negotiation among the participants.

Human deliberation was involved.  Consequently, the empirical studies of open plan

teaching do not carry immediate implications for Adaptive Rooms.  Indeed, since the

very teachers and students who were using open plan spaces were the ones who

physically reconfigured the space, the sorts of concerns about coherence typical of

automated adaptation did not arise in open plan classrooms because members had

time to adapt themselves to the new layout.

To set the framework for a principled study of Adaptive Rooms it will be useful to

begin our inquiry with the ontology of entities that inhabit and constitute them.  At a

concrete level these include walls, whiteboards, furniture, agents, and other poten-

tially smart or self-adapting entities.  But the goal here is an abstract ontology.  As a
first cut let us distinguish four types of virtual objects: passive, reactive, active and

information spaces.  Each of these poses a different type of problem for programmers.
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2.1 Passive objects

A virtual object is passive if it can change absolute state (shape, color etc.) or relative

state (position, orientation) when a human agent or some other active object interacts

with it, but is otherwise unaffected by changes in the absolute or relative state of other

objects.  For instance, we assume that in a simple virtual environment, one which

lacks illumination and shading, a simple object, such as a table, will be unaffected by

the activity of neighboring objects.  Drop a heavy vase on it and the table does not

dent.  Push a chair against it and it does not move.   Humans may rearrange the loca-

tion of chairs, or possibly alter their color or texture.  But such changes do not occur

in automatic response to other changes.   The primary architectural elements in simple

environments -- walls, ceilings, and floors -- are passive in this way.   So is fog, and

so, of course, have been the early versions of virtual objects.

2.2 Reactive objects

A virtual object is reactive if it can change absolute or relative state, not only as a

result of actions on it by agents but in response to changes in other objects.  For in-

stance, objects which break when struck by another object are reactive objects be-

cause they change their shape and number – their absolute state – and change their

position and velocity – relative state – in response to the change in position and mo-

mentum of the object colliding with them.   We may summarize the difference be-

tween reactive and passive objects by saying that reactive objects obey `physical' laws

of interaction.  Such laws specify how objects cast shadows over surfaces (hence how

they become shaded by the other objects); how the absolute state of objects change

according to the force, and shape of objects impacting them; how objects change their

relative state (position, velocity, acceleration, orientation) as the result of forces.

Some of these laws, such as the laws governing reflectance and shading, are global

laws of physical interaction and apply throughout a virtual environment.   Other laws

are highly specific, potentially complex physical constraints, and apply only to par-

ticular objects in particular conditions.   For instance, the way a couch deforms when

a person sits on it depends on the person's weight, speed of sitting, as well as the rela-

tive position of other cushions.   General physical principles are at play here, so these

constraints do not lie outside the physics of the virtual world, but the initial and

boundary conditions of pillows on a couch are so unique that it is best to think of the

couch as having its own specific laws of interaction -- the physics of couches.  As the

number of objects increases, it becomes extremely hard to specify a realistic set of

interactive physical laws, though luckily, for many interactions, a feeling of realism

may be achieved by rough approximation to these laws.

The items of furniture found in Adaptive Rooms may behave as reactive objects, or

they may be more active – closer to what we would call smart furniture – and so ca-

pable of self-transforming in ways that go beyond reaction to simple physical events.

It is the designer’s choice.  He or she may choose to program virtual chairs to behave

much like their physical counterparts – as reactive objects in my terms -- or they may

be programmed to be smart.  If they are standard reactive chairs then they will deform
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when sat on and move when struck, but otherwise will be inert to changes in their

immediate vicinity.  In particular, they will be unresponsive to social events such as
the number of people trying to sit in them.   If they are programmed to be smart – to

be active objects -- then they might morph into a couch, or multiply themselves.

2.3 Active objects

Furniture that can self transform, such as tables that can change dimension, lights that

automatically move to accommodate extra participants, or bookshelves that shrink or

expand, are more complex than reactive objects in two ways.  First, they are able to

react to changes in social conditions -- the number of people present, the social func-

tion of the meeting (e.g. presentation, intimate chat, virtual office meeting, discipli-

nary discussion, and so on).  Second, their reaction goes beyond physical law.  They

are able to self transform, changing their size, position, appearance, shape and even

functionality as appropriate.  For instance, if several people enter my office, the books

on my bookshelf may transmute into a single icon representing the entire set, the

shape of my lamp may alter so that it now projects two distinct beams rather than the

one it was projecting before, and my overhead projector, which normally is under the

control of whomever is beside it, may change its functionality to now allow non pre-

senters (e.g. participants sitting at the other end of table) to annotate projected slides

in whiteboard fashion, provided they are sitting in seats known by the projector to be

reserved for participants.

Let us call a virtual object an active object if it is both responsive to interactions

with other objects and is able to take actions either on its own or in response to ab-

stract changes in its milieu.   Furniture which morphs to meet social needs fits this

definition, so do autonomous agents since they are able to autonomously change their
position, and orientation, possibly even their internal state, without explicit direction

from human agents; and so do human avatars, of course, since they may act un-

prompted by any apparent changes inside the environment.

Each of these active objects has its own distinctive properties.  Autonomous

agents, for instance, typically have standing instructions to maintain certain properties

of the environment, such as keeping a space tidy, or re-aligning chairs when they are

disturbed.  They may also have more complex standing instructions to respond to

specific requests such as helping humans (or other agents) to locate textual references.

(If their role is information related they may be better classified as information ob-

jects.  But understandably their category membership is ambiguous.)  Agents which

seem to be reacting to changes in environmental state – e.g. untidiness, or disorder –

are not classified as reactive objects because the state they are responding to is ab-
stract, and not governed by laws of physical interaction.   For example, an intelligent

agent for inventory control that is responsible for restocking its collection of office

supplies as soon as its inventory falls below a certain threshold, is responding to a

change in the environment, but there are no physical laws about maintaining inven-

tory.   Active objects typically have their own agenda and follow their own individual

laws programmed into them.   Agents which follow or are responsive to social norms

also qualify as active objects.  Programming such agents is a challenge because the

interpretation of social events is a complex matter and typically relies on being able to
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attribute motives and beliefs to social participants.   Simplified versions of socially

aware agents, however, might be able to do such things as move out of the way of an
aggressive agent, help another avatar or agent to balance a teacup about to fall, or

even stagger back in `horror’ when menaced.   As virtual environment’s become more

complex it becomes increasingly important to make agents sensitive to social condi-

tions, though if programmers are not to be behavioral reductionists this will continue

to be a formidable task.
For clarity, we shall further distinguish agents which have a regular physical pres-

ence in a virtual environment from those that are invisible, and which are either con-

figured in advance of entering the environment or which can be called up from an

environment with their own user interface.  Agents which perform tidying tasks such

as furniture straightening, or agents configured to maintain the look and feel of a

certain room, , are examples of  invisible agents which need be called up only when

there is a need to modify their agenda.  Butler-like helping agents which perform
various office duties and which keep a regular physical presence are examples of

visible agents.

Fig. 1. Here is a simple hierarchy of active objects found in virtual environments.  What differ-

entiates most active objects from reactive objects is that they are sensitive to social ‘laws’ or to

highly specific changes in other objects.  They therefore are capable of self-transformng actions
where they morph, iconify themselves, or perform helpful duties.

2.4 Information objects

In addition to active objects there are also two types of active information entities:

information tools and information spaces.  Both have a clear functional purpose: to

help users to find information they feel would be relevant to their current activity.  An

information tool is a visualizing tool that allows its user to explore the contents of a

document in a special way.  It might be as simple as a tool showing all the paragraphs

that contain a given phrase or word, or it may display certain statistical properties of

the document.  It is a device for visualizing contents.  We may imagine it as akin to a

lens that can be run across an open document or an unopened book.

An information space allows users to display meta-information about books, arti-

cles, magazines, web sites, and to list this meta-information and sort it.   In Adaptive

Rooms the empty space in a bookshelf, or a corkboard, would likely serve this func-

tion.  In its most obvious form, the bookshelf space behaves like the display field of a
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file system, with tabs that can sort entries by date, size, type, title, and so on.  Users

can invoke a search of the web, digital libraries and so on, or perhaps autonomous
agents will be programmed to retrieve sought after material and post pointers in an

appointed information space.  The information displayed is active.  Just as html

documents contain url’s to other documents, so the display of meta-data in informa-

tion spaces are hypertext pointers that, when clicked on, result in the relevant book,

article etc. arriving in a physical form and lining up on the shelf.  Once the books

have arrived on the shelf they can be sorted according to several categories: date,

author, title, keyword etc.  So the entire bookshelf containing books, articles, and

other documents, as well as the open space at the end of the books grouped together

serves as an information space where information relevant operations can be per-

formed.

2.5 Does cloning and linking complicate an ontology?

It was mentioned earlier that the physical workflow of an assembly task undertaken in

a virtual environment may be different than its physical correlate because it is possi-

ble to clone parts and assemblies in virtual worlds, and so distribute problem solving

among collaborators in ways that have no counterpart in the physical world.  This

means that objects in a virtual environment are no longer individuals, but rather types

that can be tokened at will.  At first this may seem to be no stranger than multiple

versions of a document.  In collaborative writing, for instance, each collaborator soon

develops his or her own version of a document.  This has the consequence that there is

either a problem of putting together the final version, or there are tight restrictions on

who may write to the canonical version.   But in assembly tasks, there need be no

intermediate canonical versions that must be shared since there may be multiple solu-

tion paths.  This means that there can be a wild proliferation of partial clones during

assembly and no need for version control.  But then how are we to characterize such

clonable objects?  Do they force us to revise our ontology?

The matter becomes even more confusing ontologically, when we consider other

tasks, such as jigsaw puzzling.   In solving a jigsaw puzzle collaboratively, we may

allow players to individually search for placements on their own version of the game,

but to enjoy immediate updates of their boards when any of their collaborators find

good placements.  In simple jigsaw puzzles, it is possible to hill climb to the goal

without concern that there may be false or misleading placements.  This has the im-

plication that there is no need to assign version numbers to partial puzzle solutions at

all: any advance can be shared by everyone.  Accordingly, multiple copies of the
game can be causally linked, so that a change in one game is propagated to all.    But

then what sort of ontological status will such multiplicities have?

Such questions raise important issues for designers of collaborative environments.

Any theorist eager to explore the ontology of virtual environments must decide how

to treat versions and linked multiplicities.  For the moment, however, we may note

that multiple instantiation, or cloning applies to all virtual objects, regardless of cate-

gory.  Passive and reactive objects may be cloned as well as active objects.   Whether

human avatars may be cloned is a design choice.
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2.6 Interim summary

Assuming that our ontology represents a useful starting point we can say that  Adap-

tive Rooms are collections of virtual objects, mostly self-transforming objects, housed

in an architecturally active room with information spaces.  The entities of  Adaptive

Rooms are sensitive to interactive laws of both a physical and a social sort, so many

of them respond in a coordinated way as if under the control of a thoughtful butler,

always looking for ways to make one’s task easier.    It is in that sense that self-

transforming objects are the virtual counterpart to smart objects and smart appliances

discussed in the literature on Ubiquitous computing.  Our objective is to design the

objects in our virtual world with enough intelligence and coordination to act politely,

to anticipate users' wishes, and to change their behavior with the context of action.

Since there is always a danger that too much cleverness may get in the way of effec-

tive collaboration, we can only determine the cleverness threshold of smart objects

and tools by considering the way they fit into the work flow of collaborators and the

resources they use.   In short, the way to design a new collaborative environment is to

first understand the way human agents and their everyday objects, representations and

gadgets constitute a system of distributed cognition.  It is to that we now turn.

3 Work Flow Analyses and Distributed Cognition

To construct useful  Adaptive Rooms requires a deep understanding of:

1. How people use resources individually and jointly as they go about their tasks in

everyday environments.  This is the pattern of work that should be facilitated in an

Adaptive Room.

2. How users will adapt the way they do their tasks once they have adaptive virtual

rooms to help them. Put differently, we must understand the way external users

will interact with  Adaptive Rooms as part of their larger ongoing activities.

A few quick examples of the way people use resources around them in everyday

environments will help to illustrate why the type of understanding required by point 1.

is particularly challenging.

In observing agents interacting with their environments, we have noted that they
are constantly managing the resources around them. (Kirsh 96).  Much of this activity

is quite naturally pragmatic: it is directed at getting things done and accomplishing

goals.  For instance, people choose, reach for and pick up books and notepads in order

to draft memos and outlines.  They build models to help solve problems, and they

move objects such as chairs around to make it easier to perform their tasks.   The

rational structure of pragmatic activity is familiar enough: first complete the sub-goals

of a task and then combine these sub-goal states to complete the overarching task.  It

is reasonable to hope that someday many of the component parts of our pragmatic

activities will be automatically carried out by agents in a virtual environment.  The

idea of smart butlers fits that model.  The user  initiates an action, perhaps by request,

perhaps by gesture, and the butler infers some of the necessary sub-goals and so com-

pletes the drudge work part of the activity.   Our research has shown that a surprising
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amount of action, however, is not really pragmatically oriented.  People seem to

spend much of their time performing actions that serve cognitive or epistemic func-
tions rather than pragmatic ones. [Kirsh and Maglio 95].  These actions do not fit into

the standard goal sub-goal model of planning and rational action.  They are more

tightly coupled to the memory, reasoning, and perceptual systems of the people per-

forming them.  Hence although some non-pragmatic actions might be anticipated by a

smart butler many would lose their effectiveness if executed by someone other than

the cognizing agent.

Among the many non-pragmatic activities we have observed and documented in-

clude:

− Positioning objects to draw attention to opportunities (e.g., card players arrange

their hands to encode plan fragments and possible opportunities).

− Arranging objects to cue action selection or constrain options (e.g., lay out parts in

the order they need to be assembled).

− Configuring objects to “remind” users of plans or intentions (e.g., leave keys in

shoes, film by the door).

− Preparing the workplace so that the average complexity of tasks that must be done

is lower -- amortize the complexity of tasks by paying an up-front cost in prepara-

tion -- (librarians pre-sort books to be shelved on carts before moving to the

stacks);

− Pointing with hand or mouse to help direct attention or increase the acuity of per-

ception, as in counting coins, or looking for a name in the phone book.  (Kirsh

95b);

− Rotating objects physically to save the need to rotate them mentally (rotating tetris

pieces (Kirsh and Maglio 95), righting upside down photos  (Kirsh, forthcoming));

− Clustering items to create ad hoc categories that are problem-salient (e.g., organ-

izing articles on one's desk to highlight those that are relevant to a current project).

− Re-arranging objects, such as Scrabble tiles, to self-prime or self-cue recall.

In each case what is noteworthy is that agents make short and medium term ad-

justments to their environments for cognitive reasons: to keep processes manageable,

and on track.  The conclusion to be drawn is that the environment is one’s partner or

cognitive ally in the struggle to control activity. Although most of us are unaware of

it, we constantly create external scaffolding to simplify our cognitive tasks. Our goals

as designers is to create digital environments which make this cognitive alliance as

powerful as possible.  Helpful workflow analyses must focus on how, when, and why

this external scaffolding is created.

3.1 A simple scenario

One collaborative context we are working on focuses on the joint efforts of a marine

ecologist, Mr. E, and a geographer, Ms. G.  This is a familiar situation: two research-

ers, each an expert in their own field, join forces to tackle a problem that neither one

can quite handle on their own.  Ms. G lives on the east coast but regularly visits Mr. E

in his office on the west coast.  The physical room they typically collaborate in -- E's
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room -- has a desktop PC, a Silicon Graphics machine, as well as E’s laptop.  There is

a whiteboard, corkboard, shelves, books, calculator, ruler, three chairs, and a host of

sundry other objects, which are in constant use.  Because G knows cartography and

the geographical information system packages, while E specializes in more theoretical

issues, G tends to take the driver’s seat in front of the Silicon Graphics machine when

they are involved in making a map, with E looking over her shoulder, or working on

different material on his desktop PC.  E also keeps a small bound notebook with use-

ful parameters tried in the geographical information system package.  Since this in-

formation helps them keep track of their inquiry, G and E must explicitly resolve their

schedules to ensure that this book is where G may find it when she returns to the room

and E is not there, or else the must find some other means of guaranteeing that she

finds out the parameters E tried when he was on his own.   Naturally there is much

more to be said about the social arrangements that holds between the two and to the

different resources they use individually or jointly.  The whiteboard, for instance,

plays an important role when E is talking but considerably less so when G is talking.

From our preliminary studies a few non-obvious facts have emerged about the me-

chanics of collaborative workflow.  First, opportunistic encounters in the hallway,
outside E’s office, and near the coffee machine are important catalysts for their work

together.  One often thinks of collaborative meetings being scheduled or at least un-

problematically occurring.  But because much important work occurs during un-

scheduled conversations, special efforts have to be made in virtual environments to

create the right opportunities for informal contact.  Second,  it is apparent that both E

and G take the opportunity to look over the other’s work when one of them is out of

the room.   Data maps are dense and the information represented on them requires a

fair bit of study before a viewer feels fluent with them.   Accordingly, collaboration is

a much larger activity than simple face to face meeting.  The state one leaves one’s

office in, or the state of one’s computer screen can be extremely informative to one’s

partner.  Coming early to a meeting can be helpful as means of preparation.  But then

since helpful state may be stored in notebooks, corkboards, whiteboards and ink
marked books, the use of all these resources must be temporally coordinated.  Users

would like to `page through’ the previous stages of work -- not change by change, but

collection of changes at a time.  Markings that go together -- either by date or content

-- ought to be retrieved in a connected way, saving the user from figuring out when a

mark on the blackboard was part of one conversation or another, and saving them

from having to personally know where to look for relevant documentation (in cases

where, for instance, a mark has been placed on whiteboard or notebook after a book

has been consulted).  Moreover, since these are all resources that may be `messed

with' during ordinary non-collaborative activity, it is important to be able to restore or

maintain the state of these books despite the other activities one might perform in the

same space.
Admittedly, nothing said here is detailed enough about the tasks each participant

performs to expose the cognitive or physical workflow of E and G’s personal and

collaborative activity. But even this cursory account may suffice to show that virtual

collaboration may be better than face to face collaboration if it offers participants the

capacity to intelligently recover the structure of each other’s workspace.



www.manaraa.com

4 Conclusion

Our designs of Adaptive Rooms are guided by three principles:

1. Wherever possible Adaptive Rooms should adapt to humans rather than humans

to them;

2. Adaptive Rooms should be populated with cooperating smart objects and tools to

make our virtual environments like digitally enhanced futuristic ubiquitous com-

puting environments.

3. An adaptive room and the agents in it constitutes a system of distributed cogni-

tion.  Problems are solved by coordinating resources in and outside of peoples’

heads.

By following these principles we believe that the insights of ubiquitous computing

-- that computerization should be everywhere, transparently incorporated -- can be
merged with the insights of augmented reality -- that everyday objects can be digitally

enhanced to carry more information about their use.  The result is an integrated virtual

environment in which people can cooperate and collaborate on projects that leverage

the computational strengths of computers.
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Abstract. In the CLear project we develop a cooperative learning system for

supporting learning and training processes of co-located and distributed groups.

One of the fundamental concepts of CLear is the virtual room metaphor. We

discuss divergent interpretations of this metaphor each appropriate for certain

aspects of the learning process. We are exploring the implications of using such

a metaphor for supporting collaboration, structuring hypermedia information

and supporting the learning process in general. Our aim is to define a virtual

room metaphor that integrates the collaborative aspects as well as the need to

structure learning content contained within this system.

Keywords. cooperative learning, virtual rooms, activity spaces, knowledge

structuring, mental model, hypermedia information

1 Introduction

CLear is a cooperative learning system for supporting learning and training processes.

It utilizes a hypermedia data model which enables flexible information structuring and

cooperation capabilities. CLear is based upon the DOLPHIN system (Streitz et al.,
1994), and a first prototype has been built using the COAST framework (Schuckmann

et al., 1996). Whereas DOLPHIN focuses upon meeting support, the CLear system,

currently in an early prototype stage, supports a wide variety of learning situations

involving both co-located and distributed groups. CLear is part of a concerted effort at

GMD-IPSI to develop flexible and adaptive means of supporting learning and work-

ing collaboration activities within and among co-located and distributed organiza-

tions.

In CLear we use the metaphor of the virtual room for visualization. Waterworth

and Chignell (1989) stated: „One of the major unresolved issues in hypermedia usage

is how to provide visualization tools based on spatial models of information.“ We

have learned that various approaches using this metaphor have specific implications

for supporting collaboration, structuring hypermedia information and supporting the

learning process in general.
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As shown in Fig. 1, in the virtual world of CLear each participant, or inhabitant,

„owns“ a room, i.e., a personal location. The rooms provide functionalities to create,
retrieve, store and modify hypermedia information. Furthermore, rooms may be

shared by some (group rooms) or all participants (auditorium). Taken as a whole, the

assembly of virtual rooms constitutes a virtual world consisting of several locations.

Since all rooms share common functionalities to communicate, the CLear system can
also be understood as a virtual cooperative building.

Fig. 1. A screen shot of the CLear prototype World browser showing various virtual rooms and

inhabitants

At issue currently is the exact structure and composition of these virtual rooms

within the CLear environment: On the one hand, the virtual room metaphor can be
perceived as a type of activity space (Streitz et al., 1989) providing various collabora-

tion functionalities to participants. A virtual room is then defined according to its
functions: a virtual auditorium provides different types of functionalities than a virtual

group room or personal room, for instance. Card and Henderson (1987) have devel-

oped the Rooms metaphor in such a way. On the other hand, the virtual room meta-
phor may also be perceived as being related to content or knowledge structuring.

Given such an outlook, virtual rooms are then defined by the content which they con-

tain. A virtual library serves as a repository of structured content. Each of these vir-

tual room definition specifications has merit and the CLear system attempts to incor-

porate both approaches in some fashion. A key question is how to integrate these two

approaches. Below, we elaborate upon each of the two views beginning with the col-

laboration support aspect.
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2 Using the Metaphor of Virtual Rooms to Support
Collaboration

2.1 Rooms in the real world

Collaboration in the real world takes place at specific locations. People meeting at a

location can see and hear each other and thereby communicate. Furthermore they can

see and manipulate objects which are also at that location and thereby can collaborate.

A room is a location that has borders (i.e. walls) to separate it clearly from other loca-

tions. These borders limit both whom users can see/hear and what they can

see/manipulate. Rooms are therefore a means to structure collaboration.
People place information objects (e.g. books, notes, a whiteboard) in the rooms

where they want to use these objects. Additionally, these objects are arranged in

sublocations within that room (e.g. shelves, drawers, folders, etc.), enabling people to
find and organize specific information. Rooms are therefore also a means to structure
information.

Furthermore, rooms are designed for specific types of work or collaboration. For

example, an office is designed for individual work and contains personal objects with

which the inhabitant of the office currently works. Other rooms are designed for large

groups, e.g. an auditorium is designed for one presenter and many participants and

contains presentation material that is used by the presenter. Fig. 2 shows yet another
type of work room, a Group Room in which two or more participants work coopera-

tively and are aware of one another’s presence.

Fig. 2. A screen shot of a virtual group room featured in the CLear prototype. Here two partici-

pants are working cooperatively. At the moment, Martin is using the telepointer feature to
specify an object.
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Finally, rooms are used to control access to objects contained in the room and to

control access to the group of people in the room. Rooms have doors that can be open
(i.e. everybody can come in) or closed (i.e. you would need a key or would have to

ask for entry permission). Furthermore closets, drawers, and other objects within the

room can also be locked.

2.2 Related Work: Virtual rooms in CSCW systems

There have been several approaches to transfer the metaphor of rooms into CSCW-

systems (e.g. Roseman & Greenberg, 1996; Waterworth & Singh, 1994; Card et al.,
1991). A main advantage of using such a metaphor is that people are very well used to

it from the real world. However, virtual rooms do not have to resemble real rooms in

every aspect, especially if the virtual world could offer some improvements (e.g. fast

travel between rooms, infinite storage space in a room).
Collaborative virtual environments (CVEs) try to reflect the real world as much as

possible. CVEs use a 3D world and visualise this world with virtual reality tech-

niques. People can have a virtual representation in this world (so-called embodiment
or avatar) and can travel through the world meeting other embodiments or interacting

with objects in the world. However, CVEs focus more on supporting communication

and not so much on collaboration.
Multi-user dungeons (MUDs) only partially reflect the real world. MUDs introduce

virtual rooms that are connected and virtual persons can move from room to room

along those connections. The connection structure often resembles the real world (e.g.

you can move east, up etc.), but this is neither necessary nor strictly followed. With

MUDs being described by text only (as opposed to VR techniques) it is up to the

author how closely the MUD follows the limitations of the real world.
TeamRooms. This group support system (Roseman and Greenberg 1996) also in-

troduces virtual rooms. Team rooms are not connected or put into a spatial relation-

ship with each other. So, the analogy to the real world is rather low compared to
MUDs and CVEs. However, TeamRooms focus on collaboration by providing objects

that can be manipulated cooperatively. Team rooms also have doors and thereby al-

low some access control.

3 Using the Metaphor of Virtual Rooms to Structure Knowledge

Virtual rooms provide an easy to understand spatial metaphor which is particularly

suited to support learning as mental model construction (as opposed to routine skill

learning). Virtual rooms support knowledge structuring, provide a mnemonic device,

and a means to communicate knowledge. Furthermore, virtual rooms and buildings

provide a natural analogue to real life learning situations. Hence, learners have a

background knowledge for orientation and behavior in the learning environment. As

in the real world, each virtual room contains content which can be structured to fa-

cilitate learning.
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According to Shavelson (quoted from Churcher, 1989), „knowledge of structure is

necessary for a full understanding of a subject, it enhances retention, facilitates prob-
lem solving, leads to transfer, results in intellectual excitement and develops an apti-

tude for learning.“ As users navigate through the various content rooms, they begin to

structure or chunk information in a meaningful way which promotes acquisition of

knowledge. Finally, virtual rooms allow learning to be embedded in other activities,

such as working or social communication. This flexibility makes the virtual room

metaphor compatible with constructivist (Jonassen, 1991) and situated learning theo-

ries (McLellan, 1995) as well as applicable to the structure and performance of user

groups.

3.1 Mental models

Many forms of learning take place as a kind of mental model construction (Genter &

Stevens, 1983; Glenberg & Langston, 1992). During the encoding process, informa-

tion (such as written and spoken language, or other perceptual and symbolic informa-

tion) is represented and understood by forming a mental model of the learning situa-

tion. Mental models usually are:

• situational, i.e., they represent the learning context and the content to be learned

simultaneously;

• dynamic, i.e., constantly reconstructed and modified during the learning phase and

after the learning phase under different contexts of application;

• analogue-spatial, i.e., concepts and semantic relations are mentally represented by

spatial relations among objects and classes of objects; and

• perspective, i.e., the spatial representation centers around a protagonist, usually the

learning individual himself.

For example, students learning about electricity could envision a pipe flowing with

water which then becomes a current creating energy.

3.2 Implications for learning

Mental models are formed as temporary constructs in working memory. The actual

mental model mediates the concurrent assimilation of new information, i.e., it puts

constraints on what will be encoded and on how it will be represented. In sum, mental

models:

• constrain which new information is learned and how it is represented. (New se-

mantic relations have to fit into the existing spatial structure, the limited capacity

of working memory determines the amount of activated information.)

• determine which information is presently available. (Retrieval centers around the

protagonist´s perspective, retrieval paths follow the spatial topology of the mental

model.)

All functions are supported by a virtual room learning environment:
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• providing a representational and mnemonic device (e.g., in the sense of the loci

method) to store and recollect information, integrate information (formation of

chunks), and connect information (e.g., mapping semantic onto spatial relations).

• providing metaphors to constrain the amount and structure of learning. Access to

rooms (open/close), connection of rooms (floors etc.), association of specific

knowledge with specific rooms, and chunking as the creation of new group

rooms.

In addition, cooperative learning may be viewed as three simultaneous activities:

content learning, learning social structures, and learning to learn cooperatively. These
activities are not independent. Which content is to be learned determines which social

structures are relevant. The way the learning group is organized determines what is

learned by the individual participants and who has control over the learning process.

Both content and group structure determine the degree of cooperation necessary for

learning as well as the additional gain in cooperation capability resulting from suc-

cessful learning.

The virtual room metaphor supports learning group structures/relations by

• providing a spatial analogue to group relations

• adapting to different group structures (trainer & learners, individual learner, tutor

& learner)

• adapting to different task types (document editing, problem-solving, brainstorm-

ing)

• providing a simple means to restructure groups during learning (group rooms)

• constraining interaction as necessary (access rights)

• facilitating individual learning as well as group learning (own room)

4 Research Issues and Outlook

Since the CLear system works on a hypermedia database we map the hypermedia
structure to the virtual room structure. At issue is how to map complex hypermedia

structures to virtual rooms. On the other hand, the virtual room structure needs to be

matched to the cognitive representations of the learners, i.e., to the evolving mental

models during learning. As stated above, we assume that (a) the 2 or 3-dimensional

spatial structure of virtual rooms is more appropriate for learning (at least for early

phases) than complex hypermedia structures, and that (b) content organized by virtual

rooms supports the construction of mental models. Both assumptions need further

empirical testing.
In a similar vein, virtual rooms are used to represent group structure and inter-

group relationships by assigning different rooms to different persons. We assume that

cooperation and communication is facilitated by associating participants with specific

locations; this especially supports the flexible reorganisation and spontaneous creation

of new subgroups. A problem that might arise is that group structure and content

structure do not converge onto the same virtual room structure. How to match and

integrate content and cooperative relations will be another major research issue.
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In sum, cooperative learning is a complex process exceeding learning content.

Virtual rooms are a logical way to map group structures and provide flexible means to
constrain group relations and communication as well as to map content structure. We

are working on an integration of these approaches that will allow learning to be em-

bedded in other activities, such as working or social communication, and make the

room metaphor compatible with constructivist and situated learning theories. We will

evaluate the CLear prototype with a small group of real users (university class) begin-

ning in January, 1998. From this evaluation we intend to gain valuable information

regarding the future direction we will take in developing the virtual room metaphor.
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Abstract. The design of information systems supporting virtual organizations

and innovative work models is a strategic issue. However, many practitioners

focus on the solution of technical problems. Although the term „architecture“

has already been subject to discussion, it has never really been defined. The pa-

per introduces an architectural model consisting of the elements strategy, static

organization structure, process structure, application structure, data structure,

communication structure and infrastructure. It also demonstrates the application

of this model to the development process of an electronic mall system. It be-

comes obvious that pre-defined patterns play a major role in all of the architec-

tural components. Analysis and design patterns are not the only reusable com-

ponents, they have just been the latest ones to be discussed. Patterns make the

development of architectures more efficient and lead to better results.

Keywords. electronic mall, information system, architecture, organization,

strategy, process, modelling, pattern

1 Introduction

Innovative work environments are significantly influenced by modern information

technology. However, the value added to an organization by an information system

depends on the ability of its designers and users to cope with an ever changing envi-

ronment and to keep the system flexible. Many approaches to the fulfilment of these

requirements have been undertaken, but most of the papers published are either not

concrete or too focused on technological aspects. The emergence of the World Wide

Web contributed to making these problems more obvious. It did not take very long for

computer scientists and software developers to design and implement tools, that pro-

vided practitioners with the possibility to solve almost every problem of a technical

nature. However, there still seems to be a lack of strategic concepts. In many cases

management has not been able to identify the opportunities and threats arising from

their web presence. Almost every company maintains a site but most of the enter-
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prises do not really understand the necessity to do so. Neither are they able to quantify

the profit accountable to the web as a new distribution channel. Instead, many compa-

nies try to compensate a lack of concepts and deep understanding with ever more

complex technology. The most misunderstood term in this context has probably been

„architecture“. Most software engineering experts are convinced that a proper infor-

mation system architecture leads to higher efficiency of organizations. However, deep

understanding is rare. Definitions reach from „the high-level structure of the system“

to „the sum of all the notions of a system“. If there is one attribute, that fits all the

definitions, it is the word „vague“. At the department for information systems at

Dresden University of Technology we have tried to find a precise definition of the

term and we have applied our model to an electronic commerce project which is sup-

posed to deliver a software that supports business on virtual marketplaces, one of the

latest approaches to distributed or virtual organizations. We believe that this model is

the first one to summarize which components an information system architecture

should consist of.

2 Integrated Architecture – What does it mean ?

This chapter provides a means of describing information system architectures in their

context. The resulting reference model is based on a paper by Krcmar (1990) which

has been extended by its contextual elements. It is therefore called „integrated archi-

tecture“ (Fig. 1). The components of the model are presented here.

Information systems live. Their ability to fit both, the business itself and the tech-

nology available, is therefore especially relevant. But these two success factors are
not independent, they influence each other strongly. Regarding information systems

they are two poles between which the system has to be arranged. The component of

an architecture that makes this arrangement possible is strategy. Enterprises work to

fulfil targets like customer satisfaction, growth or shareholder value. If they are to

succeed, they have to be developed over time (the term „business engineering“ has

become popular for this). But change does not come by itself, it has to be planned

laying out a strategy on how to act on the market. The tools for strategic planning are

manifold. Value Chain Analysis is probably the most prominent method. It leads to

the development of strategic programmes which are implemented conducting proj-

ects. As shown in Fig. 1 an architectural project usually delivers two structures: the

static organizational structure and the structure of the processes working on it. They

represent the basic business components and are the basis for IS analysis. However,
many software engineers seem to ignore them or at least there common origin: strat-

egy. Furthermore, technology itself is also subject to strategic decisions. A corporate

strategy is the major parameter of an IT strategy. This leads to the conclusion that

technology as well as business structure themselves have to be architectural elements.

Remembering one of the vague – but actually not so bad – definitions mentioned

above, architecture has to combine notions of a system. This includes the manage-

ment’s (organization) and the programmer’s (infrastructure, i.e. technological aspects)

view. During analysis of an organization the modeller learns about who the desig-

nated users of the system are. It becomes obvious that he has to lay out a communica-
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tion model using e.g. context diagrams as a first step. When refining this model it

might turn out that the different roles people play in the context of the system require
different technological support. This is where the technological infrastructure gains

importance. We will see that this analysis may even lead to the decision to use differ-

ent platforms for the various user interfaces.

Projects

Strategy

Infra- Structure

Communi-
cation

structure
Data- structure

Process
Structure

Organi-
zation

Structure

Application
Structure

Configurations
Systems
Hardware

Interfaces
Human-Machine-

Interaction

Information
Landscape

Business
Engineering

Fig. 1. Integrated IS architecture in its environment

Shifting the focus to application design the processes determined by strategy turn out

to be the main architectural component. Tools for this step are at hand (e.g. Jacob-

son’s use-case analysis) and there is an increasing number of books about pattern

languages concerning IS models. Considering „cooperative buildings“ this pattern

approach is especially relevant since it originates from the field of architecture.

Analysis patterns help to create a model that manages the basic concepts of the sur-

rounding „information landscape“ like communication partners, subjects, deadlines

and resources. This model is usually documented using a method like UML. Usually,

the application and communication structures require the storage of persistent data.

Therefore a data structure model is also part of an architecture. Its modelling is

straightforward and can be done using Entity Relationship Diagrams. It can be

strongly influenced by the technological infrastructure since numerous large enter-

prises use legacy systems or have set up projects to introduce object-oriented data-

bases.
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3 Electronic Mall – Adding value for SMEs

The immaturity of today’s commerce oriented web applications may in many cases

turn out to be very costly. Although the products offered may fit their market well and

may even be perfectly suitable for distribution through conventional channels they fail

to generate additional revenue when presented online. However, researchers and

practitioners from all over the world keep pointing out that the opportunities offered

by the Web outnumber the threats by far. But these opportunities are not substantial as

long as no structured approach to the integration of web services into the company’s

business and IT portfolio is applied. Especially small and medium enterprises (SMEs)

will not be able to invest much into an area where not even the methods of evaluation

are clear. It becomes more and more obvious that the rules for laying out marketing

plans using classic advertising do not apply to internet business. One main reason for

this dilemma is the complete isolation of a start-up web site and the impossibility of

„contact by chance“, a prerequisite for conventional media plans. Usually an addi-

tional campaign is needed to promote a web site. Again, this is not affordable for

many SMEs. A possible way out of this dilemma is the concept of concentration.

Many retailing businesses prefer to be present in a shopping mall rather than running

a small shop on their own. This is because consumers like to refer to such a mall as

„their place“. They are aware of 90 per cent of their demand being satisfied by shop-

ping centers. Regular customers know the way how to get there, they know the infra-

structure (e.g. parking lots) and the „feel“ of it. Of course, this has a certain number of

organizational consequences. The retailer has to rent a store from the provider and

there is little or no room for negotiations concerning prices. Furthermore his design

options are limited since the whole mall has an underlying corporate identity which

has to be harmonized with the retailer’s design. He may even face restrictions con-

cerning his own assortment of goods and services. It is not going to be feasible plac-

ing a designer store next to a cash & carry – market. These rules apply to electronic

commerce as well. Small businesses who are not very well known but who may be-

come successful niche players in their specific market can compete with enterprises

bearing global reputation if they rent a store at an electronic mall (e-mall). An e-mall

is a virtual marketplace for commercial and social life that supports supply and de-

mand on good and service markets. There are three major parties involved in this

scenario:

− the mall provider, supplying the hard- and software  infrastructure and handling the

technical administration;

− the content providers, offering their services in separate stores within the system;

and

− the customers, gaining information about and buying goods and services, thus

generating the critical mass needed to run the system.

These parties represent three customer segments whose needs have to be analysed

before designing and implementing an according software. The results of this analysis

are the origin and main parameter of the integrated architecture being described in the

following chapter.
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4 The Project – The Architecture

The project team working on the system to be introduced consists of information

management specialists and software developers from several institutions. These

institutions are:

− The Dresden University of Technology, Germany, especially the Institute for In-

formation Systems;

− The IST GmbH, Dresden; and

− The DVZ Mecklenburg-Vorpommern GmbH, Schwerin.

The aim of the project is to develop an e-mall software that extends the functionality

of most existing systems.

Information Agreement Transaction

Information Agreement Transaction

Information Agreement Transaction

Submarkets

financial
services

...

primary
value chain

secondary
value chain

Fig. 2. Primary and secondary value chains

The core element of the architecture, according to the model introduced in Fig. 1,

is strategy. When talking about strategies it is important to consider the activities

adding value. The general value chain model by Porter is useful but it is not fine-

grained enough to be applied to this project. A special E-Commerce value chain has
been defined by Schmid (1995) (see Fig. 2). Each sale is an element of the second

phase of a process consisting of the steps information, agreement and transaction.

Understanding the high-level process better we can now consider the consumer seg-

ments and try to analyze the customers‘ expectations. Very obviously, the customers

expect:

− Higher flexibility;

− Independence from time and location;

− Lower prices.

The advantages resulting from online shopping have to be communicated to the

customer in an early stage, i.e. in the information phase. This imposes the need upon

the content providers to restructure their processes in phase two and three in a way
that allows them to lower their prices, thus making online shopping more attractive.

But where does the potential for lower prices come from ? It has to come from the

lower cost of the distribution channel itself. But cost can only be cut if substantial

parts of the process – not just the information phase - are conducted using the web. In

a nutshell, the content providers expect:
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− Straight processes using the web almost exclusively;

− Higher revenue without cannibalizing other distribution channels;

− Low primary investments.

Obviously, the mall provider‘s needs have to comply to this. A mall gains attrac-

tiveness, when its trading volume is high and many customers attend it on a regular
basis. Customers will show this behaviour when their needs are fulfilled. A high

number of stores will lead to improved customer satisfaction. The mall provider will

be able to raise this number by keeping primary investments for content-providers

low. So the mall provider wants:

− High trading volume;

− Low administrative cost;

− Consistent look & feel.

These strategic considerations are just an excerpt of the whole marketing concept

but they demonstrate its influence upon the software development process sufficiently

to draw the conclusion that strategy itself must be regarded as a part of information

system architecture. According to the integrated architectures‘ model static organiza-
tion structures and the processes working on it are derived from strategy. Fortunately,

an e-mall does not have to support a complex organization as it would be required in

decision support or management information systems. However, there are some con-

siderations to be made. The first one results from the fact that customers may well be

private or business customers. This is important since private customers buy and pay

goods for themselves whereas business customers (companies, in fact) need a repre-

sentative, a so-called purchasing agent. Similarly, a content provider needs to delegate

administration of customers, goods and stores to an administrator. Furthermore, there

has to be a super administrator who is able to introduce other administrators. Regard-

ing the processes working on the organization structures defined above the value

chain is very important. It lays out one of the major processes that occur so that quite
all further analysis is a refinement of the basic market transaction value chain. There

are a lot of methods on how business processes should be modelled best. Many of

those are derivates of structured analysis, some add real additional information like

resource usage. In many cases the last step of analysis is done using a method like

state machines or petri nets.

This completes the short overview over the architectural components strategy, or-

ganizational structure and process structure. Recalling the model being introduced in

Fig. 1 there is another architectural ‚pole‘ influencing the information system: infra-

structure. The relevance of infrastructure differs strongly from project to project. In

single-user terminal systems it is practically zero. In multi-user distributed systems

like the one focused here it is significant. Usually the visualization of an infrastructure

is done in an informal way. However, there are recurring patterns that can be reused.
One of these is the three-tier architecture that consists of a data-management tier, a

distribution tier and an application tier. In this system we have extended the capabili-

ties of this structure so that there may be even more than one distribution tier. Since

the system is to run on the web it has to be implemented using platform independent

technology. The data management system to be used is a relational database. At the

data management level, the conversion of table-structured data into objects is per-



www.manaraa.com

120

formed. The object distribution layer(s) make the classes accessible from each and

every point throughout the web and assure consistency. The application level on the
client side contains the functionality of the front-end.

Having conducted the analysis of strategic and technological issues the modelling

of the software system itself, i.e. the middle level of the model in Fig. 1, can begin.

Therefore it is necessary to consider the communication structure first. The results

achieved in the context of the organizational structure can help here. Terminators are

derived from the static organizational structure, information flows originate from the

processes. Using this approach a context diagram can be developed (see Fig. 3).

E-Mall
Server

Private Customer

Purchasing Agent/
Business
Customer

CP Administrator

Mall Administrator

Goods, Stores,
Catalogs, Profiles,

Administrators

Contacts, Sale Info,
Statistics

Accesses, Sale Info,
Statistics

Content Providers,
SuperAdmins, Stores

Styleguides

Private ads
Personal Info,

Orders

Offers,Content Info

Ads,
Company Info

Offers,Content Info

Fig. 3. Context diagram

In this project the combination of strategic concepts, infrastructure and context in-

formation led to the conclusion that customers and administrators should obtain sepa-

rate front-ends while working with the same back-end system.

The next step is the development of the application structure itself. This is a phase

in the architectural development process that most software engineers would have

suggested coming first. But now that strategies, infrastructures and communication

structure are already outlined it gets much easier to conduct further analysis. The

modeller can start using the terminators of the context diagram as first object candi-

dates. Not all of these will turn out to become real classes in program code but the

terminators will prove very helpful in many cases. Furthermore, the value chain’s
phases should be reviewed. Process steps themselves may be significant entities. Are

these steps documented as persistent data ? Many questions like these arise from the

other components of the architecture. The last missing architectural component is the

data structure. This structure is usually derived from the application structure. It is

modelled using the Entity-Relationship approach. Data structures are especially inter-

esting in large distributed systems since referential integrity and persistence of infor-

mation is a very critical issue. Having conducted all these steps the architecture is



www.manaraa.com

121

complete. It consists of a number of highly comunicative but still formally precise

models which can serve as a means of documentation and as a guideline to successful
design and implementation.

5 Conclusions and Outlook

Each of the architectural sub-models uses a well-known notation. Due to this, model-

lers have started to think about reusing parts of their models. In recent years this ap-

proach has become popular in IS modelling, too. Design and analysis patterns

emerged and were able to convince software developers from all over the world that

they were able to raise productivity and quality equally. This paper shows that there

are patterns in every part of an architecture. Organizational structures use patterns like

„functional organization“ and „divisional organization“. Strategies use many patterns,

among them „penetration“ and „skimming“ as pricing strategy patterns. There are

patterns in infrastructures (referred to as „3-tier-architecture“ or „pipes-and-filters“-

architecture, and so on). And of course, there are now patterns for application, data

and communication structures, e.g. the publications by Fowler (1997), Hay (1996) or

Coad et al. (1995). If projects succeed without making all architectural components

explicit, it is because of project management doing things implicitly right. But in a

technically and conceptually challenging environment like Electronic Commerce such

approaches are not very likely to be successful. Architectures have to be available to

guide analysts, developers, project managers and designated users and they have to

consist of the structures demonstrated making use of patterns, thus taking advantage

of the experience originating from hundreds of projects in the past.
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Abstract.�As the amount of information and communication increases dramati-

cally new working environments must provide efficient mechanisms to maxi-

mize the benefits of these developments. In this paper a telecollaboration envi-

ronment based on agent technology is proposed, which could be used as an in-

formation infrastructure for cooperative buildings or virtual enterprises.

The number of communication and information services increases rapidly in

number and complexity. Therefore mediating components between users and

services are required. In the environment being described it is suggested to de-

ploy a personalized agent cluster for each user and network wide directory, bro-

ker, and trading services.

The agent cluster acts as a surrogate for the user in the system. In each

cluster a variable set of personalized agents is aggregated according to the re-

quirements of the user. Exemplarily the architecture and functionality of a

communication agent as one part of an agent cluster is described.

Keywords. telecooperation, Internet, agent technology, personalized agents,

computer supported cooperative work (CSCW), multimedia, communication,

broker, trader

1 Motivation

Importance of Information and Communication. In the age of proliferating infor-

mation and communication systems, information is becoming a production factor of

great importance. Nearly all private and business processes rely more and more on the

timely deliverance of information and data. Without intensive communication and

cooperation these processes are hardly manageable. To accomplish this task an effec-

tive information, communication and collaboration environment is vital. Such an

environment should be the foundation for cooperative buildings or other new forms of

work environments, such as virtual enterprises, telecenters or -houses, or virtual

(home-)offices.

Quality of Information. As the amount of information delivered to our homes or

offices is becoming larger, the time we spend on reprocessing and filtering this exten-

sive information is increasing to a hardly manageable extent. The goal is to extract the
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useful and relevant information out of the available data in a cost and time effective

manner.

Multiple Media. The media choice is traditionally not made by the receiving side but

by the sender. The person that receives the information in this model has no straight-

forward way of influencing the choice of media and is therefore not able to make an

optimal selection of the communication media according to her needs.

Synchronous Communication. Ideally all communication has a synchronous char-

acter. Delayed deliverance of messages should not be the result of the underlying

transportation system but should be on purpose and adjusted to the users needs. The

user wants to receive data not always as fast as possible contrarily he wants to be

informed at that point in time that is best suited to help him solving his tasks (Maes,

1997b).

Here synchronicity means, that messages are delivered to the user´s agent as fast as

possible. If the user is not ready to receive the information, the agent holds messages
back. If the agent itself is not reachable, due to network failures for instance, store and

forward mechanisms in the framework are exploited.

Addressing the above mentioned problems we present in this paper an architecture

and environment utilizing agents for personal communication and information in

collaborative processes. These agents residing in the network act as intelligent, per-

sonalized and synchronously accessible partners of a real person. The agents optimize

the communication and information process both of the individual person and the

overall work process. Agents being specialized for different tasks form an agent clus-

ter to represent their user in his various communication and collaboration tasks.

2 System Architecture

The system architecture of the telecooperation framework can be divided into two

logical aspects interconnected closely with each other. In this section the first aspect

the information exchange and coordination between the system components and the

agents will be described. The following sections will explain the design and coopera-

tion of the agents themselves. These agents are used to interact with the user, offer a

homogeneous user interface and support the work between different users supported

by external service components distributed over the network , see Fig. 1.

The agents can contact these services to use their additionally specialized function-

ality like teleconference scheduling or workflow management support. External serv-

ices can offer more easily highly complex and efficient services than the agents are
able to implement. With these distributed service components increased functionality

needs are easily maintainable by updating and adapting these service components. As

the main part of functionality resides inside the service components, the agent-side

complexity can be lower and less task specific. Agents just have to be extended to

implement an interface to a specific service component.
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Fig. 1. System architecture

Inside the service layer of the system all task specific knowledge is concentrated,

this makes an efficient support of multiple user agents possible. Services such as

Teleconferencing Service, Workflow Service, Meeting and Conference Scheduling

Service, Database Service, Gateway Service and Electronic Marketplace Service can

be offered in the network by third party service providers or by the IT-department of

the user’s company. Depending on the task the service can be provided by humans or
intellignet systems. The system components in the telecooperation framework are

designed flexible and open to integrate additional services at any time.

The directory service is used to deliver static information on service components

and the location and addresses of agents, brokers and traders. The deployment of
broker and trading services in a telecooperative environment as shown by Höck et al.
(1997) is used here. The broker and trading functionality together with the above

mentioned directory service serves as the location, negotiation and binding foundation

of the presented telecooperation environment.

3 Agent Cluster and Functionality

To implement an optimal participation of each user in the cooperative process the

agent paradigm is deployed. Each user is represented by an agent cluster in the sys-

tem. In the cluster a variable set of agents is aggregated, see Fig. 2.

Each agent has its own special task. E.g. the diary agent (DA) is keeping track of

all appointments and makes the scheduling for the user. The workflow agent (WA)

coordinates the interaction with other participants taking part in a workflow as well as

with the workflow service. The remembrance agent (RA) is an active notebook to
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remind the user. A communication agent (CA) handles all communication on behalf

of the user.

Fig. 2. Agent cluster

The main design goals for the agent cluster are described below. These features are

of major importance to gain an improved productivity by using agents.

Personalization. The agents are personalized to the needs of the user. Agents have a

certain knowledge about their users such as she does not like meetings before 11am,

he can not stand video conferences, or she prefers travelling by train. The fact that

agents are personalized give users the feeling that the agent is intelligent and caring.

Ability to learn about the user. To improve personalization it is necessary that the

agent can learn likes and dislikes of the user by monitoring their behavior.

Synchronicity. Due to the fact that the agents are the surrogate of the user within the

system, they are always accessible and therefore synchronous communication be-

tween agents of different users is always possible even if the user is not available.

Privacy. To provide privacy, and that is a very important issue when using personal-

ized agents with extensive knowledge about their users, protocols are deployed that

can determine who the partner is you are talking to and which information this partner

should be able to see and which not.

Intra-cluster agent communication. The agents within a cluster can communicate

with each other in an unrestricted way. Thus the user can be supplied with the infor-

mation and communication at the right time and in the appropriate form. Through

agent cooperation within the cluster the information load on the user can be reduced

significantly. An agent bus (a software bus) and a shared data space, as shown in Fig.

2 is used to enable intra-cluster communication.

Inter-cluster agent communication. To perform their tasks agents must have the

ability to communicate with other agents that belong to other users. As a general

communication protocol the knowledge query and manipulation language, KQML

described by Finin et al. (1993), is suggested for this purpose.
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4 Agent Architecture and Functionality

The whole functionality to support the user is split up in separate entities each being

supported by an agent. This way the complexity of a single agent is reduced. The

architecture allows each user to compose his own set of agents in his cluster. The

functionality of one agent results from the mechanisms provided by the agent, the

interaction between agents, and from communication between agents and services.

4.1 The communication agent

To make it more concrete the communication agent is discussed in more detail in this

section. This agent is deployed to handle all communication on behalf of a user. In

Fig. 3 the architecture of the CA is depicted.

Fig. 3. Agent architecture

The knowledge about the user is stored in the User Preferences Database. The Dy-
namic Learning Module is monitoring the behavior of the user and improves the per-

sonalization of the agent. Media conversion can be provided by the Internal Conver-
sion Modules or by external services. Addresses and parameters of often used services

are cached in the Internal Service Directory. Incoming and outgoing messages that

could not be delivered yet are collected in the Message Storage. In the Quality Man-
agement Modules the logging and acknowledging of the communication streams is

performed. The agent also provides different interfaces for communications to other

agents and services.

The following features are of major importance to the developed communication

agent.
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Choice of media. In the proposed architecture the freedom to chose the communica-

tion media is given to the sender as well as to the receiver. This has the advantage that

the user can always take the most appropriate way to communicate according to his

situation.

Active agent. The agents are active components. The interaction can be triggered by

the agent as well as by the user. Due to the fact that the CA has knowledge about the

user and also communicates with other agents in the cluster the support for the user

can be improved significantly.

Quality management. By using a synchronous CA it is possible to provide different

levels of acknowledgement protocols. If the messages and the acknowledgements are

authenticated by the senders the logging of the communication can be used for quality

and history management or for legal issues.

Freshness of messages. To reduce the information load on the user a best before date

is introduced into the messages.

Ownership of messages. Messages are owned either by the sender or by the receiver;

they are never owned by the transport system. The system provides two general way

to send messages. First the traditional way: the whole message is transmitted to the

receiver and here the message is owned by the receiver after sending. The second way

is to send only a link to the message. Then the message is still owned by the sender

and can be modified or deleted till the receiver fetches the message.

5 Related Work

Agent technology and its usage in the Internet environment is quite popular in present

research. It is beyond the scope of this paper to give a complete survey of agent tech-

nology, but the following selection provides some fundamentals of agent technology,

describes a choice of research projects using agents in the web, and by this mentions

work that inspired the described system.

At MIT Media Lab the software agent group is investigating agent technology in
different projects (Rhodes, 1996; Lashkari et al., 1994). Pattie Maes (1997b) states

the following features of agents that are relevant for our work, too. “Software agents

differ from current-day software in that they are

(1) proactive (taking the initiative to help the user by making suggestions and/or

automating the more mundane tasks the user normally would have to perform),

(2) adaptive (learning the user’s preferences, habits and interests as they change over

time),

(3) personalized (customizing their assistance according to what they learned about

the user), and
(4) autonomous (operating with minimal supervision on behalf of the users)“.

Falchuk et al. (1997) at the University of Ottawa are working on mobile and intel-

ligent agents targeting the problem of information retrieval and computer-aided in-

struction. A news gathering agent and a telelearning agent are introduced. They also

address problems emerging with mobile computing such as address migration, het-
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erogeneous networks, or portability (Ford et al., 1997). An agent based news filter is

implemented as a prototype. Their work is mainly concentrated on resources located
in the Internet. Due to the focus on mobile agents most of the work concentrates on

asynchronous tasks.
The support of mobile users is targeted by researchers at ECRC. Chevalier et al.

(1997) have developed a technology called Mobile Service Agents. They developed

the idea to use an agent as a local representative while the user is not connected to the

network. In this way interactive working can be done even when the user is temporar-

ily disconnected.

Petrie (1996) analyzed the conflict between the client/server WWW paradigm and

the peer-to-peer agent model. The usage of KQML-like agents and their compatibility

with the web is discussed.

The concept of a software bus called InfoBus for JavaBeans is in the process of

specification at Sun Microsystems (1997). The idea is to define a small interface
which allows different components (JavaBeans) to exchange information in a struc-

tured way. The bus is proposed as an asynchronous and symmetric communication

system between components without the need for a master component. The protocol

is the controlling component. Corba also represents a middleware technology based

on the software bus concept; Siegel (1996) shows an implementation of several inter-

working ORBs.

6 Conclusion

The described system supports the work of users by adaptive system functionality

through the use of a triple layered service and agent infrastructure. In this paper the

primary focus was drawn on the reduction of communication and information load.

This is achieved by analyzing, extracting and optimizing the data flow in accordance

with the situation and environment the user is in.

Users can access different services in a uniform way by employing their personal

agents. These agents can interact with other agents or services. To locate and access

services and agents in a heterogeneous environment brokers and traders are used. Due

to this architecture agent-side complexity can be fairly low. Dynamic changes of

services and users, such as new access protocols, changing locations, and additional
functionality are transparent.

The exemplarily demonstrated communication agent acts as a synchronously ac-

cessible surrogate of the user in the network. It provides the mechanisms for the con-

version of different communication forms and therefore enables the sender to contact

the receiver always in an appropriate manner, without imposing a common communi-

cation medium.
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Abstract. This a position paper outlining the way thinking about co-operative

buildings has developed over the last 30 years. It does not attempt to review the

field in an objective manner but summarises the particular viewpoint of the

author by reviewing selected co-operative projects. Starting briefly with the

author’s final year thesis, the paper touches on projects for Cedric Price and

Walter Segal with contrasting ideas about co-operation. The paper then expands

on the concept of co-evolutionary theory including the co-operative evolution

of buildings with each other, with the environment and with the inhabitants. It

concentrates on the most recent co-evolutionary projects for buildings and

cities. It describes the Groningen experiment which demonstrates these princi-

ples with a model which allows the co-operative development of the city with

the "collective social ambition of the inhabitants." The paper ends with a note

about the "Talking Cities" project for global co-operation in the evolution of

urban form. These examples are presented as a series of "vignettes" or glimpsas

at history.

Keywords. co-operative buildings, evolution of buildings, evolution of urban

form, autotectonics, genetically coded building, generator, co-evolutionary

cities, interactivator

Vignette 1: Background

My final year thesis at the AA in 1969 was entitled Autotectonics: The choice of

choice. This was my first excursion into the field that is now being referred to as co-

operative buildings. I coined the word "autotectonics" in 1965 as a reaction to "archi-

tecture" - where arch has connotations of power (archdeacon, archdevil) and substi-

tuted auto with connotations of self (autonomy, automobile). The "choice of choice"

part of the subtitle was intended to suggest that architecture current architectural

thinking was starting to at least consider choice, but that the wrong set of choices was

being offered like the choice of a menu but in the wrong restaurant. The project intro-

duced the idea of genetically coded building descriptions and the idea of user interac-

tion in the design process and subsequent reorganisation of the building in use and

drew on my student projects of the previous few years. The genetic code of the

building was manipulated in a primitive computer model (Frazer & Connor, 1979).
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Later at Cambridge University I had access to computer power and software expertise

which allowed this to be turned into a working demonstration. This project is de-

scribed in the book An Evolutionary Architecture as well as several papers (Frazer,

1995a).

Vignette 2: The Generator project

One of the formative thinkers about co-operative building must be Cedric Price. His

work is dominated by social pre-occupations which are epitomised by the concept of

co-operation. In 1978 Cedric Price asked us to work as computer consultants on the

Generator project (Frazer, 1979).  The Generator consisted of a kit of parts which

enabled enclosures, gangways, screens and services to be arranged on a site (a clear-

ing in a forest in Florida) to fulfil the requirements of the users, the Gilman Paper

Corporation. It was proposed to grid the site with foundation pads and to provide a

permanent mobile for moving components, thus involving the co-operation of the

users of the centre in its organisation.

The computer program was developed to suggest new arrangements of the site in

response to changing needs. Our concern that components might not be where we
expected them to be prompted our decision to turn the whole site into a vast working

model. By embedding electronics in every component and making connections to the

foundation pads we effectively made the site into a gigantic reconfigurable array

processor, where the configuration of the processor was directly related to the con-

figuration it was modelling. At this stage, the controlling processor could be dis-

pensed with, as there was more than adequate processing power distributed through-

out the structure of the building. The building thus became  intelligent , as we ex-

plained it in a letter to Cedric Price in 1979. This led to some amusing headlines:

Birth of the Intelligent Building, Thinking for Fun and  The Building that Moves in

the Night (Sudjic, 1981).  Unfortunately the term  intelligent building  has now been

devalued to mean any building with provision for information technology! The term

intelligent structures , on the other hand, has acquired considerable meaning and is
now the subject of serious books and a journal.  The more interesting co-operative

nature of the proposed building and its users did not attract so much comment.

One worry was that the building would not be changed enough by the users be-

cause they did not see the potential to do so. We consequently suggested that a char-

acteristic of intelligence, and therefore of the Generator, was that it would register its

own boredom and make suggestions for its own reorganisation (Greig, 1988).  This is

not as facetious as it may sound, as we intended that the Generator would learn from

the alterations it made to its own organisation, and coach itself to make better sugges-

tions. Ultimately, the building itself might be better able to determine its arrangement

for the users  benefit than the users themselves. This principle is now employed in

environmental control systems with a learning capability.
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Vignette 3: The Walter Segal self build and self design system

Walter Segal is another Arhcitect whose work shows a profound concern with co-

operation and user involvement with design. Walter Segal developed a timber-framed

building technique suitable for self-builders. It was not a building system in the sense

of a kit of parts, but rather a discipline in the efficient and economic use of materials.

It used a 2ft grid with a 2in structural zone which allowed the economic cutting of

panels from standard 8ft by 4ft sheets. Lewisham Council s promotion of self-build

housing associations on a number of awkward sites resulted in a range of single- and

two-storey houses. Segal was anxious to encourage his self-builders (McKean, 1989)

to become designers as well: he encouraged them to visualise the work, using first

matchsticks to represent the 2ft module and then a slotted base board and panel

model. He found, however, that the self-designers required a great deal of help in

interpreting their models.

We built an electronic version of the panel model with an 8-bit code on every panel

and fitting which allowed 128 different panels, door and window combinations, tak-

ing into account door swings, etc. A controlling processor scanned the board and

interpreted the plans (two storeys were built side by side). Plans and three-

dimensional views could then be displayed, areas calculated, costs determined and

structural frame drawings produced. In effect the program incorporated not only

Walter Segal’s design rules but much more of his expertise. As a result, people with-

out any knowledge of architecture or computers could design a house by building a

simple model. The working system was successfully demonstrated to Walter Segal in
his house in 1982 (Pearman, 1985).  He was delighted, but his untimely death pre-

vented him from experimenting further with the system. The project was first shown

publicly in Washington at the Computer Graphics in the Building Process Conference

in March 1982 and then at the CAD’82 Conference (Frazer, 1982).  The working

model was exhibited at the Barbican and at the Design Council and featured in the

Spectrum television programme in 1984. One of the lessons learned from the Segal

project was that there was real potential for client and user involvement and co-

operation in design.

Vignette 4: Evolutionary Design

The theory of evolutionary design is described in An Evolutionary Architecture. A

significant part of the theory involves the co-operative evolution of structure and

environment and the co-operative development of different buildings in an urban

context.

Evolutionary Design involves using the virtual space of the computer in a manner

analogous to evolutionary processes in nature. It attempts to emulate the unselfcon-
scious design processes of vernacular architecture. Whilst the techniques described

can be achieved with relatively simple design problems such as yacht design, archi-
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tectural problems still require computing power in excess of what is yet readily avail-

able and are thus on the very cusp of being realisable.
In an attempt to achieve in the built environment the symbiotic behaviour and

metabolic balance that are characteristic of the natural environment, it proposed the

evolutionary model of nature as the generating process for architectural form. The

profligate prototyping and awesome creative power of natural evolution are emulated

by generating virtual architectural models which respond to changing environments.

Successful developments are encouraged and evolved. Architecture is considered as a

form of artificial life, subject, like the natural world, to principles of morphogenesis,

genetic coding, replication and selection.

Architectural concepts are expressed as generative rules so that their evolution and

development can be accelerated and tested by the use of computer models. Concepts

are described in a genetic language which produces a code script of instructions for

form-generation. Computer models are used to simulate the development of proto-
typical forms which are then evaluated on the basis of their performance in a simu-

lated environment. Very large numbers of evolutionary steps can be generated in a

short space of time and the emergent forms are often unexpected.

These techniques had previously been limited to easily quantified engineering

problems. Only now is it becoming feasible to apply them to the complex problems

associated with our built environment. To achieve this it is necessary to consider how

structural form can be coded for a technique known as a  genetic algorithm, how ill-

defined and conflicting criteria can be described, how these criteria operate for selec-

tion, and how the morphological and metabolic processes are adapted for the interac-

tion of built form and its environment. Once these issues are resolved, the computer

can be used not only as an aid to design in the usual sense, but also as an evolutionary
accelerator and a generative force.

Genetic techniques for design model inner logic, rather than external form, and the

exhibition afforded a glimpse of a future architecture as yet evolving only in the

imagination of a computer.

How an evolutionary model works

The evolutionary model requires that a design concept is described in a genetic

code.  The code is then mutated and developed in a computer program into a series of
models in response to a simulated environment. The models are then evaluated in that

simulated environment and the code of successful models is selected. The selected

code is then used to reiterate the cycle until a particular stage of development is se-

lected for prototyping in the real world.

In order to create a genetic description, it is first necessary to develop a design

concept in a generative manner capable of being expressed in an a variety of forms in

response to different environments. This is a manner in which many designers already

work in the sense that they have a personal set of strategies that they adapt to particu-

lar design circumstances. This strategy is often very pronounced and consistent to the

point where a designer’s work is instantly recognised.
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The co-evolutionary model

This was a collaborative research project involving both the University of Ulster

and the Architectural Association. In the first stages the team at the Architectural

Association in London had developed a theoretical model of an evolvable environ-

ment. For the example described here, Manit Rastogi of the Diploma Unit 11 at the

Architectural Association developed a working interactive computer version and

teamed up with Peter Graham from Ulster to produce a dynamically evolving model

for the exhibition in London and the Internet experiment.

The model is organised by using a multiple hierarchical approach and a datastruc-

ture which is recursively self similar. The simulated environment in which evaluation

takes place is modelled in exactly the same terms as the evolving structures. The

environment and the structure not only evolve in the same dataspace, but can co-
evolve. Moreover competitive structures can also evolve in the same space. Environ-

ment in this case includes user response and is modelled with virtual societies. The

environment has a significant effect on the development of the concept using a ge-

netic design language. Genetic algorithms are used to perform the selection and nor-

mal crossover and mutation are used to breed the populations.

The model consists of an endless array of data points which collectively constitute

a dataspace. Each point in the dataspace is intelligent in the sense that it knows where

it is and why it is there and it has a clear awareness of the spatial relationship of its

neighbours. The laws of symmetry and symmetry breaking are used to control the

development of the model from the genetic code. Information flow through the model
takes the form of logic fields. Externalisation of this datastructure is process driven by

modelling the process of form generation rather than the forms themselves.

The model is based on the sequential evolution of a family of cellular structures in

an environment. Each cellular structure begins development from a single cell inher-

iting genetic information from its ancestors and from a central gene pool. Each cell in

a cellular structure contains the same chromosomes which make up the genetic code.

The cells divide and multiply based on the genetic code script and the environment

with each new cell containing the same genetic information. The development process

of each member of the family consists of three parts - cellular growth, materialisation

and the genetic search landscape. A genetic algorithm is used to ensure that future

generations of the model learn from the previous ones as well as provide for biodiver-
sity during the evolutionary process.

The datastructure of the model is based on a universal state space or isospatial

model where each cell in the world has a maximum of 12 equidistant neighbours and

can exist in one of 4096 states, the state of a cell being determined by the number and

spatial arrangement of it’s neighbours.

The local environment of a cell in the world can thus be coded in a 12 bit binary

string. The growth and development of the cellular structure is controlled by chromo-

somes.
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Chromosomes are generated by either being sent in by any remote user, an active
site or as a function of selection, crossover and mutation within cellular activity and

are maintained in a main chromosomal pool. The physical environment determines

which part of the main chromosome pool becomes dominant. The local environment

of each cell then determines which part of the genetic code is switched on. The cell

then multiplies and divides in accordance with that genetic code.

As cellular division takes place, unstable cells are generated. In the next generation

this leftover material creates a space of exclusion within the cellular space. This space

of exclusion interacts with the physical environment to create a materialisation of the

model. Boundary layers are identified in the unstable cells as part of their state infor-

mation and an optimised surface is generated to skin the structure. This material con-

tinues to exist throughout the evolution of the model and will initially affect the cel-
lular growth of future generations.

The selection criteria in the model is not defined but is an emergent property of the

evolution of the model itself. A genetic search landscape is generated for each mem-

ber graphically representing the evolving selection criteria within the model based on

the relationship between the chromosomes, cellular structure and the environment

over time. Form, or the logic of form, emerges as a result of travelling through this

search space.

Once chromosomal stability has been achieved, the parent cellular activity is ter-

minated. The final cellular structure, the materialisation and the genetic search space
are posted out. A daughter cellular activity is then initiated from a single cell. The

fittest chromosomes from the parent generation are bred using selection, crossover

and mutation and combined with the new list of dominant chromosomes from the

main chromosome pool to form a new chromosomes set for the daughter generation.

The development process is then repeated for the daughter generation (Frazer, 1996b,

Frazer & Frazer, 1996)

The datastructure for this technique was first presented in Tokyo in 1992 at the

conference on Visual Computing (Frazer, 1992)

Vignette 5: Co-operative evolution on the Internet: The
Interactivator

In January 1995 we constructed an exhibition on An Evolutionary Architecture

(Frazer, 1995b) for the Architectural Association Gallery in London. The centrepiece

to the exhibition, The Interactivator (Frazer, Rastogi, & Graham, 1995, Frazer, Gra-

ham & Rastogi, 1995), as an evolving environment which was planned to respond to

both interaction from the exhibition visitors and the atmosphere in the exhibition

space. Visitors were to interact by proposing genetic information which would influ-

ence the evolution of the model. Sensors in the exhibition space also affected the
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evolution of the model with data on temperature, humidity, noise, smoke and so forth.

We extended this concept to allow co-operation on the Internet in three ways: First,

by using the Internet to allow virtual visitors to input genetic information to the model

just like actual visitors. Second, by allowing the program of the model to be down-

loaded to remote sites so that it replicated itself and each replication took on a diver-

gent evolutionary path, the results of which could also be fed back to the central

model to contribute to the gene pool. And third, by allowing access to the exhibition

and the book via a conventional Web site so that the context could be understood and

the stages in the development of the evolving model could be observed.

The exhibition installation and virtual visitors

For the exhibition installation three interlinked computers were in use. The central

machine handled the evolving model and displayed a rendered visualisation of the

developing cell structure and a representation of the landscape of the genetic search

space. One computer handled communication with the outside world and received

input from the environmental sensors in the exhibition space, input from gene

switches for visitors to experiment with, output sound generated by the system and

was directly connected to the Internet to receive and transmit genetic information. The

third computer generated images of the emerging forms and provided an animation of
the growth and development of the model.

Virtual visitors could view the current state of the model and receive an explana-

tion, or they could participate by providing genetic or environmental information. For

real enthusiasts, copies of the software were available for downloading. Feedback

from remote copies of the software also affected the source model.

In the first two weeks after the launch of the model it evolved four family members

based on the chromosomes received and those bred internally, each member achiev-

ing chromosomal stability in about 120 generations. Though it is impossible to predict

the nature of the model, or its evolving internal logic, there seems to be a pattern

emerging towards its selective and hence, evolutionary process.

With the assistance of Ellipsis publishers the virtual version of the exhibition was

launched on the Internet in January 1995 (http://www.gold.ne/ellipsis/evolutionary

/evolutionary.html). There are some successes and failures to record with this experi-

ment. The central model convincingly demonstrated the principle of evolving a

structure under the influence of both public participation and environmental informa-

tion. But the rate of change was too slow to give any indication of how any individual

was affecting it, and the feed back to the net was never properly implemented to show

any development. Downloading the model to remote sites revealed all manner of

technical problems which meant that biodiversified genetic material never found its

way back to the central model. The Ellipsis site was labyrinthine which delighted
many visitors but frustrated others who never found how to input genetic information.

Overall the experiment attracted a great deal of comment, both on the net and in the
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press including a feature in Wired (Kunzru, 1995) and an article in Architectural De-

sign (Frazer, 1995c). The Web site enjoyed a large number of visitors.

Vignette 6: Citizen co-operation in urban design: The Groningen
Experiment

This section describes an experimental co-operative model for the city of Groningen

in northern Holland. It then speculates on how such techniques could be broadened

and applied to the possible global co-operative evolution of cities.

The Groningen context

Groningen enjoys a reputation for urban design and planning innovation and con-

tributors over the last few years have included Rem Koolhaus, Will Alsop, Zaha

Hadid, Bernard Tschumi, Henri Ciriani, John Hejduk, Daniel Libeskind, Paul Virilio,

Philippe Starck, Coop Himmelbau, Allessandro Medini, Mecanoo etc. Groningen now

have a development plan to the year 2005 and are starting to look beyond at urban

strategies for the 21st Century. In this future context, I was asked in collaboration

with colleagues and students from the Architectural Association in London, to dem-

onstrate the potential for an intelligent, interactive, evolving, co-operative computer

model of a sustainable urban environment which would enable the citizens of Gronin-

gen to interact and influence the development of their city.

Exploring new urban strategies

One of the key speakers in the "Opening the Envelope" series which formed the

briefing for the project was  Maarten Schmitt the Chief City Planner. His talk was

crucial to the direction taken by the project described in this paper (Schmitt, 1995).

He said, "A very special atmosphere has been created in Groningen since the six-

ties revolutionary atmosphere. The intention has been to create a more meaningful
and coherent society related to such ideals as the American Pueblo society, especially

in reaction to previous failures in post war European cities.

The quantitative growth of the 60s in Groningen became an accumulation of pri-

vate aspirations without any larger ambition and caused a social reaction. The social

collective ambition grew out of this reaction, focusing on qualitative concerns. From

this developed a larger idea or framework for cultural, economic and social elements

of the city. This included reducing the role of the car, enabling coherent space for

other activities combined with cleaning public space in order to give it back its public

meaning. Discussion about alternatives for the worn out city elements, and the intro-

duction of a pluriformity of uses and meanings into the centre became crucial to a
dynamic view of the city and the need for change as a revitalisation agent. Reducing
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mobility and encouraging a diversity of service industries back into the inner city was

a crucial achievement of this social democratic ambition.

Around 1980 the discussion on formal objectivity (creating symbols) in urban de-

velopment was raised in professional circles, to develop the cultural identity of the

city as a whole. The main spatial structure formed a fixed framework for continuously

changing uses. These ideas were defined in the structure plan of 1987. These projects

also explored a new type of public participation based upon the idea of planning by

communication of which participation is an important part. This is initiated by a

framework proposition for urban development which then involves wide public in-

volvement and comment with the final responsibility held by the city council to assess

and define the outcome.

The nature of the model

We produced a generative computer model which could mediate in scale, space

and time. - In scale between the urban context and the fine grain of the housing ty-

pologies. - In space between the existing fabric of Groningen and specific dwelling

units. - In time between the life style of the medieval core and the future desires of

citizens of the next century.

An Evolutionary Model which explained the transition from the past to the present

and projects trajectories for future possibilities. A "what if" model for exploring fu-
tures and evaluating them

More specifically we developed a model which simulated the historical develop-

ment of Groningen in a dynamic and predictive manner. We searched in the local

situation for local rules which would generate self determining emergent properties

for the whole. We looked specifically at the way in which the implications of chang-

ing life styles and work patterns could be incorporated into the model. We developed

a structure for the model which was strategically modular (in the sense that say a tree

is) without being geometrically constrained to modularity. We embodied all ideas for

the housing typologies and the site organisation including environmental influences.

The model was designed using the techniques which we had developed over the

last few years (Graham, 1995, Graham, Frazer & Hull, 1993, Frazer, 1994). The

structure of the model was new and specifically tailored to the scale and nature

Groningen.

The operation of the model

Central to the Groningen model is the idea that the computer program inhabits an

environment, enters it, reads it, understands its developmental rules and history,
grasps its topography, latitude and climate, models its society and economy - and then

starts to solicit suggestions and make proposals for possible features.
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The model becomes an inhabitant.  It maintains a discourse with other, human in-
habitants and tries to understand and interpret their desires, aspirations, urges, expec-

tations, and reactions to their existing environment and projected future environments.

On the basis of this interaction with the actual inhabitants, the virtual Inhabitor pa-

tiently modifies its criteria for evolutionary development and selection, endlessly

repeating the process of refining and modelling prototypical futures.  As it does so, it

occasionally produces experimental genetic mutations or amplifies variety.

The Inhabitor models the desires, aspirations, urges, expectations, reactions of the

inhabitants to their environment and projected new environments.

The Inhabitor can inhabit at any level: cell, room, house, district, city, regions,

continent, planet.  It can inhabit past environments, present environments and possible
re-inhabitation of past and present habitats, and from the interaction of citizens who

provide feedback tendencies and selection criteria.

The core of the Inhabitor is the Evolver, an evolving genetic model in which the

isospatial datastructure and genepool are controlled by genetic algorithms.  The Evol-

ver is a recursively self-similar program which employs the same strategies at each

level of interaction.  It provides starting configurations or seeds for genetic algo-

rithms, which learn on the basis of feedback from specific sites.  The criteria for ge-

netic selection are determined by citizen interaction with the Enabler.

The Enabler has connections to an interactive map (input desire lines, etc.) and an
active output model.  This is the basis for dialogue between the virtual Inhabitor and

the real inhabitants.

The Generators: A hierarchically self-similar datastructure models the environment

at the regional, urban, district and site scales (part of a continuum of scales, from

global down to cellular).  The datastructure is strategically modular without being

geometrically constrained to modularity.  It can interact with other sites at the same

level, or with other levels, either top down or bottom up.  Using specific data (GIS),

these levels are mapped to specific situations and respond to exogenous influences.

In the case of Groningen, the demonstrations are at the level of the local topography,

the city form, the Ooesterhamrick district and the Ciboga site.  Generative modellers

actively generate new possibilities from inputs the Evolver.  In turn, feedback from
the specific sites affects the selection processes in the Evolver.

The implementation of the Groningen prototype

The working prototype was demonstrated in Groningen and then in London in June

1996. It was subsequently exhibited at the Architectural Association in July (Frazer,

1996a). An interactive map with video input of modelling blocks provided an easy

interface to the system. The demonstrations were very favourably received and many
valuable comments were recorded. The intention now is to seek further funding for a
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robust demonstrator system which can be used to test the system with the inhabitants

of Groningen. Holland is a cafe oriented society. The intention is to provide interac-
tive systems in some of the many cafes of the city (Frazer, 1997).

To paraphrase Stafford Beer "The public is conceived as a system, a model of

which is contained in the computer. The public supplies minimal information, which

the computer then synthesises in the model. This amplifies variety as required to help

the public and attenuates variety to help the manager - thereby meeting the require-

ment of the law of requisite variety for each of them".

Interaction with the Inhabitor is achieved via the Enabler which has connections to

an interactive map (input desire lines etc) and an active output model.

We feel that this experiment went some way to realise, through the medium of
modern digital technology, the preoccupation of  Patrick Geddes that the ordinary

citizen should have a vision and a comprehension of the possibilities of his own city.

This experiment addresses the need for and value of "citizen participation" in town

planning. It also demonstrates the need for a Civic Exhibition and a permanent centre

for Civic Studies in every town - an "Outlook Tower". We are proposing that the

cafes of Groningen should be the Outlook Towers of the future.

Vignette 7: Global co-operation in the Electronic Evolution of
Cities: The Talking Cities Project

Towards the end of the project another possibility developed. One of the students

involved in the project, Cristiano Ceccato, suggested that the experiment should be

extended to networking globally such models of cities. The intention was that the

different models should learn from each other producing a wealth of experience in

different situations. This idea was also prototyped by networking a series of comput-

ers each representing a different city at different latitudes and with different econo-

mies. This made it possible to demonstrate dramatic difference in the solar envelope

at different latitudes and the effect of different economies on growth patterns.

We referred to this as "talking cities" in deference to the "walking cities" of Ron

Herron whose recent death had deeply shocked us all.

Now I have moved to Hong Kong there is added motivation to realise such a global

network of cities co-operating with each other in their evolution. We aspire to create a

virtual global city, a connectivity of urban models communicating and exchanging

information and experience around the world.

Potential collaborators are most welcome.
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Abstract. Interfaces to information systems, and the buildings in which such
systems are embedded will typically be the result of the work of a large number
of different disciplines, potentially ranging from ethnographers to architects.  A
common language and conceptual framework has the potential for greatly en-
hancing the effectiveness and ease of cross-disciplinary communication. In this
paper we describe some aspects of the notion of design patterns developed by
architect Christopher Alexander and colleagues in the 1970’s. We briefly show
how Alexander-style patterns can be used for analysis and design in some of the
disciplines implicated in the creation of successful cooperative buildings — in-
terface design, ergonomic design, functionality design and office design and
suggest that pattern languages might be a way of bridging the communication
gaps between professions to produce a shared vision of the cooperative building
project.

Keywords. design patterns, guidelines, human-computer interface, ergonomics,
interior design, software design, communication

1 Introduction

Interfaces to systems, and the buildings in which systems are embedded will typically
be the result of the work of a large number of different disciplines. Systems analysts,
knowledge engineers or even ethnographers may have been involved in discussing
needs with sponsors, domain experts, managers and potential end-users. They will
need to talk to software designers who will in turn communicate their ideas to pro-
grammers. In some cases the designers of the casing for the systems will need to con-
sult furniture designers and interior designers, and these experts and others will in
turn liaise with architects.  Clearly it would make sense if, rather than each profession
conceptualising the problem and the solution in its own way, they shared some terms
and mental structures for communicating the design goals and constraints which apply
in each area. Buildings need to be designed by people capable of speaking a common
language.
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We think the various processes involved in design can usefully be informed by the
imaginative and thoughtful work on architectural and engineering design which took
place from the sixties onwards in the US and Europe1. In particular, in the complex
multidisciplinary domain of cooperative building design, we see a place for design
patterns, originally introduced by architect Christopher Alexander and colleagues, in
two books, A Timeless Way of Building (Alexander, 1979) and A Pattern Language
(Alexander et al, 1977). Though developed in the domains of architecture, town plan-
ning and interior design, Alexander’s thinking on design patterns has been applied
very intensively over the last few years in one area of computer systems development,
that is object-oriented design. There it has proved very powerful and fruitful (Gamma
et al, 1995). This proof that the design pattern approach travels well has encouraged
other initiatives in the software design area2 and makes us optimistic that it should be
a useful conceptual tool for the range of specialisms which would go to make up the
design thinking for a co-operative building.

In this paper we first give a brief introduction to design patterns. We then give
some examples of the patterns which can be uncovered at four levels: interface de-
sign, software functionality, ergonomic design and office design and conclude with
some practical steps which would represent a way forward.

2 Background: What Are Design Patterns?

Patterns grew out of Alexander’s disaffection with the quality of architecture in the
1960’s, which he attributed in part to the misapplication of formal methods in archi-
tectural design. This had resulted in buildings which failed to fulfil the real needs of
the people who lived and worked in them, which failed to adapt to local social and
physical environments and which people simply did not like (cf. Lea, 1997). Alexan-
der contrasts these modern failed building with the many successful, “living” build-
ings,  created in other societies, buildings which for Alexander embodied “the quality
without a name”, a recognisable but indefinable quality which floats in the semantic
space bordered by terms such as “alive”, “whole”, “comfortable”, “free”, “exact”,
“egoless” and “eternal”. Patterns are conceptual tools for helping people design
buildings which might themselves have that quality.

A pattern is the solution to a problem in a context. To put it less succinctly, in a
context or a set of situations, a problem or clash of constraints will occur, which is
amenable to resolution by a canonical design form or solution. The pattern encom-
passes all three elements: the situation, the problem of clashing constraints or forces,

                                                       
1It is encouraging to see software design finally positioning itself as one design discipline

among others and thus enabling itself to benefit from the work done by design thinkers such
as Christopher Alexander, John Chris Jones, Nigel Cross, Bryan Lawson, Geoffrey Broad-
bent, Horst Rittel and Bruce Archer to name only some of the stars in the design firmament.
For a good introduction see Cross 1984 and bibliography. For recent work in software design
which takes a design research slant, see some of the contributions in Karat (1991) and par-
ticularly (Winograd 1997).

2In particular the Pattern Language workshop organised at CHI 97 (Erickson).
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and the canonical solution. An example problem in a context, from Alexander, would
occur where parents and children live in a house together (context), in which the par-
ents would like their own space away from the children, but still want to be able to go
easily to the children if, for instance, they are ill or anxious at night (problem). A
standard solution would be to create a separate space for the parents, still within easy
reach of the children’s room. This is the pattern “Couple’s Realm,” number 136
among the 253 patterns presented in A Pattern Language. Like all the patterns it is
connected both to larger patterns, which it completes, including, in this case, “house
for a couple” and “intimacy gradient”, and to smaller patterns which in turn complete
it, in this case “low doors”, “sitting circle”, “light on two sides” and “marriage bed”
among others.

At the highest level we find patterns such as “Independent regions”, “Country
towns” and “The distribution of towns”, while at the other end of the scale are de-
tailed patterns covering the need for a bench by a front door and for different sorts of
chairs to be provided in a room. Together the linked patterns form a Pattern Lan-
guage, a kind of informal grammar for buildings and spaces.

The solutions are not simply pre-formed parts of a building kit. A pattern is an ab-
straction from any specific examples: this is what gives patterns their generative
power. They do not supply ready-made answers: people need to exercise their own
creativity to implement a pattern. In addition,  because they involve abstracting away
from individual cases, patterns are hard to discover and may take a long time to de-
scribe adequately. (Alexander and colleagues spent over ten years refining A Pattern
Language and Alexander commented that  finding patterns was a hard as theoretical
nuclear physics).

Alexander’s own patterns are structured and formatted as follows (Alexander et al,
1977):

Title: Which succinctly (and evocatively) captures the solution that the
pattern offers.

Asterisks: To mark the significance of the pattern, two asterisks marking a
“true invariant”, one marking a pattern which has made progress
towards identifying such an invariant, but which needs further
work, and no asterisks indicating confidence that an invariant
has not been established, and that variations are to be expected.

Picture: “... which shows an archetypal example of that pattern.”  This
may be literal or impressionistic.  A subsidiary function may be
to help the reader remember and find the pattern subsequently.

Introduction: Setting the context and linking to higher level patterns.

¤¤¤ To mark the beginning of the problem.

Headline: (In bold type) summarising the essence of the problem.
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Problem body: Describing the empirical background of the pattern, the evidence
for its validity, range of variation of manifestation.

Solution: (In bold type) Describing the “... field of physical and social
relationships which are required to solve the stated problem in
the stated context.” as a statement, in imperative form.

Diagram: Of the solution  (For Alexander the solution should always be
capable of a diagrammatic representation.)

¤¤¤ To mark the end of the main body of the pattern.

Connections To lower level patterns which are required to complete this pat-
tern.

Pattern makers in other disciplines have adapted this layout as needed.

3 Patterns in Cooperative Building Design

We think patterns should provide a valuable conceptual tool in several areas of design
implicated in building design, from representations of the findings of ethnographic
studies of the workplace to desk and console design to the nitty gritty of object-
oriented programming, where they already enjoyed a great success. At all these levels
they could enable designers to benefit from the knowledge and experience of creators
of successful systems, providing reusable templates adapted to fit the particular issues
which the designer is addressing. Above all, patterns, because they are themselves
alive and engaging, provide a means of communicating either between designers of
similar artefacts, e.g. one architect or interior designer to another, or designers look-
ing at reshaping the environment at quite different levels, e.g. furniture designer to
interface designer, or ethnographer to architect.

Why? What do software systems have to do with buildings?  Pattern languages
seem to resonate with three sorts of rhetoric heard in the more user-aware parts of the
software design community:

• many designers recognise that there is a measure of discontent amongst users
about the systems designed “for” them, and this is, in part at least, to be laid at the
feet of a rigid application of formalistic methods of analysis and design which
shut out the user from all except the very earliest design discussions.

• intuitively, the idea of “liveness” in buildings, the quest for the quality without a
name, has much in common with the intuition that the systems which genuinely
enable users to work as they want are want are those which we can call "engag-
ing" or "convivial" systems. These are terms, like Kay's (1990) and Tognazzini's
(1993) remarks on the place of magic in the interface, which seem to bound a
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similar semantic space to the quality without a name in the sphere of software.
Systems with this quality, like Goldilocks' porridge, are “just right”.

• much of Alexander’s approach is evocative of recent moves in the HCI commu-
nity towards participative design and user centredness. Alexander goes further
than mere participation, in fact. The whole of "A Pattern Language", for instance,
is predicated on the assumption that the person using the patterns will not be the
trained architect but the person who will be living or working in the building.

3.1 Why are design patterns relevant to interface design?  

Interface design is particularly obvious as a domain that would lend itself to pattern
approaches. Interface design has always been about metaphors, however loosely con-
ceived: even a primitive command line interface was based on a metaphor of conver-
sation. With the advent of the graphical interface these metaphors have become in-
creasing spatial. The desktop metaphor is ubiquitous, in the Web (itself a spatial
metaphor) terms such as home and site are commonplace, and it is now common to
speak of information spaces and to design visualisations of data in 2-D and even 3-D
spaces.  The mapping between source and target terms in any metaphor is never com-
plete and one-to-one:  metaphors, in interface design as in language, will always break
down sooner or later (cf. Lakoff and Johnson, 1980).  However, again in interface
design as in language, users seem to be able to handle this:  if not they would feel less
easy about desktops which contained not only folders but also objects rarely encoun-
tered on top of desks such as windows, menus and wastebaskets. People have little
difficulty in associating modern interfaces with the sorts of objects and relationships
which are the stuff of Alexander’s patterns.

3.1.1 Some Design Patterns for interface design

When searching to identify design patterns in interfaces, it is probably as well to re-
mind ourselves that whereas the buildings which Alexander considered were the re-
sult of many hundreds of years of development, interfaces are at a relatively early
stage. There are few universally acclaimed solutions and this may mean that it will be
easier to identify problems than to describe the solutions which address them. In Al-
exander's terms, it may be that any patterns we do find will not deserve asterisks.
However, in a pioneering spirit, below are just a few patterns which can be discerned
in interface design. The first of these, which describes the need for the user to receive
feedback when interacting with a system, is described in full, in Fig. 1, while the rest
are left in outline "context, problem and solution" form. Figures in parentheses are
references to other, fictional, patterns which would have to exist in a complete pattern
language.
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1 Interaction Feedback *

. . . . users working at data processing tasks on conventional workstations —
DESKTOP METAPHOR (23), GRAPHICAL USER INTERFACE (67) — will
need to be aware of the current mode of the system —ALWAYS INDICATE
CURRENT MODE (42) — and must have an indication that their input has been
accepted by the system.

¤¤¤
People need to know that the system has registered an interaction event,

such as mouse click, mouse movement, arrow movement, keyboard press,
etc.

Where an interaction event is only part of a sequence of commands to a sys-
tem, or where no explicit user perceptible effect is achieved, people can become
anxious that they have not been “heard” by the system, and may repeat the click
or movement.

This anxiety can be relieved by giving some feedback — proportionate to the
scale of the interaction event and its significance — to confirm to the user that
the system has registered the event.  Possibilities include, indenting a button,
back-lighting a word, changing the shape of the cursor, making an audible click
or beep.

For instance, the satisfying “zip’ when a window is rolled up or down in the
Mac System 7.1a interface, the simple clicking of the mouse button, the move-
ment of the key when hit by the finger, the “ghost” of the folder as it is closed
and “replaced” in its parent folder.

In some work environments, an audible feedback may cause annoyance, so it
must be possible for the user to silence it.

Therefore:  Give visual feedback and allow the user to enable audio feed-
back for every interaction event.

¤¤¤
If the computer action that has been initiated by the interaction event is going

to take a significant amount of time to complete, then an indication if this should
be given — SHOW COMPUTER IS THINKING (34) . . . .

Fig. 1. Pattern describing the need for the user to receive feedback when interacting with a
system

An immediate reaction to the idea presented here may be that it simply replicates
(in a rather long winded way) what has already been done in HCI design through the
introduction of style guides such as the Macintosh Human Interface Guidelines (Ap-
ple, 1992) — which actually references Alexander’s work, The Windows Interface:
An Application Design Guide (Microsoft, 1987), NASA Human-Computer Interface
Guidelines (Carlow, 1992), and very many others.  However we claim that what is
missing from these style guides, and is added in the pattern approach, is the explicit
acknowledgement that whole patterns are being recorded. This implies that  the meta-
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information surrounding the simple imperative instruction3 normally found in guide-
lines is recorded — and must have been thought through.  This means explicitly set-
ting the context in a hierarchical structure of patterns, drawing attention to the prob-
lem that the pattern solves, conceiving of the solution to the problem as resolving
conflicts in a field of interacting social and physical relationships, and considering
and stating degrees of confidence in the invariance of the pattern.  This makes pat-
terns an altogether richer resource for the designer than lists of guidelines  — more
akin to the resources to be found in what we have called “craft wisdom” books, a
good example of which is Cooper (1995) — but expressed in a canonical form.

Secondly, the use of patterns implies an emphasis on the process of developing and
using guidelines, rather than on the product — a list of imperative directions.  A good
pattern will have been evolved out of the experience (both successes and failures) and
observations of a number of designers.  It is susceptible to further refinement in a way
that seeks to approach the underlying invariant, rather than simply recording more
cases.

Additionally, the use of a pattern language holds out the possibility of involving
the occupants of co-operative buildings, or the users of software interfaces in the
design and modification of these artefacts.  That we have not been able to address this
possibility here does not indicate our lack of enthusiasm for it.

The  Interaction Feedback pattern is shown to lead into another pattern:

“Show Computer is Thinking” Pattern

Situation:  operations can take a long time
Problem:  people need to be warned when an operation is going to take a substantial
amount of time, otherwise they may assume something has gone wrong. They are
unwilling to sit and wait if the wait is to be fruitless,  but on the other hand they do
not want to confuse the system by reissuing commands unnecessarily.
A solution: give special feedback for lengthy operations. Examples would include
changing the cursor to a watch or egg timer, showing a timeline, filling a time-bar and
so on.

This could lead into the next pattern.

 “Just another 30 seconds” Pattern

Situation:  operations can take a very long time.
Problem:  sometimes people need to know what proportion of a task has been carried
out, otherwise they may stop the operation just when it is about to end, or they may
wait around by the screen unnecessarily when they might as well have gone for a cup
of tea.

                                                       
3 For instance, “Do not use abstract or humorous designs for icons.” Carlow 2.1.4
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A solution:  use a measuring bar or percentage or text representation to tell user how
much more work there is to do. Examples would include the mechanism on many
Web browsers showing that, say, 45% of a site has been downloaded; alternatively,
the “copy” operation in Apple Mac desktop tells the user how many files are left to be
copied both in textual and graphical format.

3.2 Patterns in functional design

As in interface design, the design of the functionality of a piece of software lends
itself to description in terms of patterns. This should not be a surprise. Alexander's
patterns are intended to create buildings which allow users to live as they want: pat-
tern-like thinking for software functionality design should similarly aim to build sys-
tems which incorporate just those functions which help a user to do what s/he wants.

3.2.1 Some Patterns

At its simplest, a functional pattern would be little more than an element of a re-
quirements specification document together with a rationale from systems analysis or
a workplace study, as in the first two examples.

“Provide Mail Merge” Pattern

Situation: people producing large numbers of letters on a word processor
Problem: people want to send out personalised letters to lots of different recipients
without typing in the individual names
A Solution: provide a mail merge facility, allowing personal details from a database
to be integrated into a standard letter.

“Provide Multiple Filing Systems” Pattern

Situation:  in paper systems, people often have documents that need to be referenced
in two places or under two or more headings. In real life offices people work round
this either by creating a copy of the document and filing one under each heading, or
putting a referring note in one of the locations.
Problem: this is a problem in the paper world as it involves long hours by the photo-
copier or messy bits of paper which have a tendency to get lost.
A solution: the same functionality can be provided in a lightweight way via software
by using a "duplicate" or better a "create a link" command in an operating system.

“Think Twice” Pattern

Situation: the user may accidentally carry out an action which has serious conse-
quences, such as deleting a file, erasing a disc and so on.
Problem: how to avoid disastrous errors while maintain fluidity in the interface.
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A solution:  if the consequences of a command can be grave and/or are irreversible,
ask the user to confirm the command, but make "continue" or "OK" the default op-
tion.

A follow-on pattern might suggest that in the case of extremely risky operations,  the
default option at this point should be the more cautious one.
Examples: in the Macintosh interface, the “Empty Wastebasket” command displays
a dialogue box containing the number of items in the waste bin, together with their
size and gives a choice of “cancel” or “OK” with OK, the less cautious option as the
default. However, the “Erase disk” command brings up a dialogue box containing the
name, location and type of disc and gives a choice of “cancel” or “erase,” with “can-
cel”, the more cautious option, as the default.

3.3 Relevance in ergonomic design

When we move to the level of the physical artefact in which the software is embed-
ded, the pattern language structure can be used to point out general contextualised
problems and general solutions which can be implemented to fit specific situations.

3.3.1 Some Patterns  in Ergonomic Design

"Make a Computer that looks like a Filofax" pattern

Situation: business people want to carry their computers around with them.
Problem: business people tend to be relatively mobile, so heavy weights are imprac-
tical. They also tend to carry briefcases and paper-based objects such as reports, dia-
ries and personal organisers.
A Solution: create a casing for the computer which lightweight, as handy as a Filofax
and which business people can carry in the briefcase which is part of their “uniform”.

“Make a computer like a pet mouse” pattern

Situation: a toy firm has developed an idea for a computer-based pet.
Problem: an electronic toy for children,  like the portable computer, also needs to  be
portable. However, children tend not to carry briefcases (outside school, that is).
Some have pockets, others not.
A Solution:  build them something palm-sized and highly portable, either in a pocket,
like  a pet mouse, or on a cord around the neck

“Make a casing a gorilla can’t destroy” pattern

Situation:  a research project in animal understanding, which studied the abilities of a
specific gorilla, Koko by name, in manipulating the American Sign Language.
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Problem: the problem was that the computer had to be a Mac with touch-screen for
functional reasons, but had to be able to withstand the attentions of the gorilla which
included flinging it against a wall and inserting bananas though its vents.
Solution: a special  housing in tough, gorilla-proof metal, described in more detail in
Clark et al. (1990). This is perhaps an example of a pattern of the future. At the mo-
ment a solution has been found to a specific problem, but it is not hard to imagine
how both problem and solution could be generalised. Casings for other difficult situa-
tions might use the same ideas in this pattern.

3.4 Patterns in the built environment

At yet another level we encounter problems or contexts in the physical world, which
need a physical world solution but one which has a software element to it. Here we
could imagine experimenting with Alexander’s patterns unchanged as they should
apply directly. In particular Alexander's patterns 146 - 252 on work situations, cover-
ing flexible office space, communal eating arrangements, small work groups, recep-
tion areas, waiting areas, small meeting rooms and half-private offices will have di-
rect applicability to cooperative buildings in enabling people to meet and also to
withdraw into privacy as they wish.

3.4.1 Some patterns

Some patterns can be discerned at the level of  furniture and consoles.

“Attach a Document Holder” Pattern

Situation: the user needs to be able to refer to a document while using the screen.
Problem: there often isn’t enough room on the desktop (which is taken up by the
computer) and anyway looking down at the document on the desktop would mean
constantly shifting one's focus of attention with all the attendant disorientation prob-
lems that this implies.
Solution: attach a document holder to the side of the terminal

Others treat the wider workspace:

“Sociable Terminals” Pattern

Situation: a current workplace design, e.g. in a control room of some sort, allows co-
workers to consult each other’s work. For instance, colleagues glance at each other’s
screens when walking to the coffee machine and often pick up problems as they do
so.
Problem:  there are moves to introduce a system of small cubicles for workers.  This
would mean that the extra check afforded by glancing at a colleague's screen was no
longer available, possibly lowering safety standards.
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Solution: design the new layout perhaps as a horseshoe, making sure screens are big
and readable and of common design.

This pattern might be linked to the following pattern, which refers to the need for co-
workers to be in auditory rather than visual contact.

"Let people overhear" pattern

Situation: a current workplace design, e.g. in a control room of some sort,  allows co-
workers to overhear each other’s interactions, including telephone conversations, and
sometimes to act on what they overhear.  Sometimes this is trivial: the person on the
telephone says "I'll just find a pen…" and person B hands one to them. At other times
a rapid response is vital, as when person B picks up from person A's urgent tone on
the telephone that an accident has occurred. This often means a quicker response to
critical incidents than if the person on the telephone had to explicitly relay the infor-
mation to his/her colleague.
Problem:  as in the preceding pattern, there are moves to introduce a system of small
cubicles for workers.  This would mean that this benign overhearing was no longer
possible.
Solution:  Rethink the design and don’t put people in boxes or out of eye contact or in
completely soundproof headphones.

The current trend to carry out quasi-ethnographic studies of workplaces such as con-
trol rooms as a prelude to the redesign of collaborative software has led to the prob-
lem of finding a language in which the social scientists carrying out the study can
structure their results for clients and designers. As Erickson (1997) has suggested,
patterns may provide just such a form, as these examples briefly demonstrate.

4 Concluding Questions and Exhortation

Integrating systems into environments involves considering the links between many
disparate levels of analysis: the relation between what the user wants to do and the
functionality of the system, the design of the screen within the input/output device,
the physical relation or interface between user and input/output device, and the plac-
ing of the device and the user(s) in the wider physical context. While these have tra-
ditionally been treated separately, Alexander’s approach suggests that integration is
not only possible but necessary.

Design Patterns give us a set of terms, concepts and values which have resonances
at every level of the design of both software, hardware and the built environment. We
have hardly scratched the surface in this paper, but we feel the approach is promising
and that it would be would be foolish not to explore further. At the moment we find
ourselves in the position of simply feeling that design patterns should be of use to
designers. Their analytical and descriptive power is impressive, but what we really
need are aids to synthesis   not to analysis. One way to find out whether they are
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really useful is, as Lea (1997) suggests, for people to stop writing about design pat-
terns and to get down to the business of identifying and describing them in a public
forum so that they can be smoothed and polished by the comments of peers and can
eventually form part of the discourse of co-operative building design.
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Abstract. New forms of communication and co-operation do not have the same

environmental impact pattern as current forms of work. Environmental impacts

are produced by work technologies (mainly communication technologies),

buildings (construction, maintenance, operation and destruction) and transport

(induced by work relations and housing). The thesis that new information tech-

nologies reduce transport and building energy consumption has not been veri-

fied in practice until now. The contribution discusses the interrelation between

different impacts, gives quantitative data of environmental impact based on the

combination of existing life cycle analysis and tries to estimate possible future

developments. The question of the necessity of new buildings and the possible

development of virtual buildings is discussed in relation with sustainable devel-

opment.

Keywords. buildings, work practise, life cycle assessment, sustainability

1 Introduction

New work practices such as telework, new technologies like the internet and new

forms of buildings like „intelligent“ or „cooperative“ buildings are presented as hav-

ing large advantages from an environmental point of view by inducing less motorised

traffic, reduced energy consumption, and the use of less resources through the dema-

terialisation of their components. These advantages are often summed up as part of a

„sustainable“ development. The contribution will start out by giving a working defi-

nition of the different aspects of sustainability and life cycle assessment (LCA). The

possibility of life cycle assessment of new work practises, communication technolo-

gies and buildings are discussed; existing quantitative attempts are situated. The ne-

cessity of new building types for new work practises is analysed and different build-

ing concepts are discussed. Finally, the contribution tries to answer the question on

how new work practices and new technologies influence operation and management

of individual buildings and the building stock in a long term perspective.
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2 Definition of Sustainability

The German parliamentary Enquete-Commission for the „Schutz des Menschen und

der Umwelt“ gives the following definition of sustainable management: „The rate of

decrease of renewable resources should not be larger than their rate of regeneration.

Non-renewable resources should only be used to the extent that an equivalent re-

placement in form of new renewable resources or a higher efficiency of both renew-

able and non-renewable resources can be granted. The environmental impact through

emissions and waste should be adapted to the reception capacity of the environmental

compartments.“ (Enquete Kommission „Schutz des Menschen und der Umwelt“ des

Deutschen Bundestages, 1997). In general a sustainable development should assure

social, economical and environmental (ecological) benefits.

3 Assessment of Sustainability

In general, there are different methods to assess the three aspects of sustainable de-

velopment within the framework of a technology assessment. There are very few

attempts at an overall assessment of new communication technologies because of

their complexity and their multiple material interrelations. We will concentrate in this

contribution on the assessment of the environmental or ecological sustainability. The

most common assessment method is Life Cycle Assessment (LCA). In order to de-

termine the interaction between a product, a service or a technology and the environ-

ment (Odum, 1983), it is necessary to understand their environmental aspects, gener-

ally through the mass and energy flows induced throughout the product life cycle.

According to Heijungs et al. (1992) and Consoli et al. (1993) there are 4 steps in an

LCA.

− Objectives: system limits and functional units

− Inventory: mass input and output, including upstream and downstream process

− Classification: association of inputs (causes) with effects on the environment

− Evaluation: overall evaluation by aggregation of different effects

The establishment of consistent system limits is a first problem. Inside the modular

approach which has been developed in the LCA community there is the possibility to

link a specific domain of LCA to upstream and downstream process chains through

common system limits. This method works well in the field of energy, transport, mate-

rial and consumers products as well as with buildings. It is, however, difficult to de-

termine the system limits of complex systems like the communication systems. An-
other difficult problem when applying LCA to complex situations is the definition of a

common reference, a functional unit. Mass flows, impacts and effects can be related to

a person, a workplace, a work unit, a technological unit, a building unit etc. Conven-

tional office work can be described by a work hour of a person at a certain site using a

certain technology. In the case of telework there are two or even more work sites,

several types of equipment and the transport between the workplaces has to be taken
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into account in terms of time and distance. For each phase there has to be a specific

LCA.
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Fig. 1. System limits (Kohler, 1998) in an LCA of buildings and new communication technolo-

gies

4 Assessment of Work Practices, Communication Technologies
and Buildings

4.1 Form of work

Current office work is considered as the reference, with one workplace linked to a

network which is outside the system limits. The case of telework has been studied

(ÖKOINSTITUT e.V., 1997). The results show that the difference in primary energy

consumption per work place depends essentially on the resulting amount of individual

transport. For the analysed real case the balance was negative for telework. In an

optimised solution with little individual transportation, optimal use of equipment and

energy efficient hardware, the telework had a slightly positive balance.

Distributed work practices and virtual enterprises allow to improve the communi-

cation within a team and to overcome the loss of time due to individual transport

through synchronic and asynchronic collaboration over networks. The economic sav-

ings of teleconferences are quite evident and the reduction of the environmental im-

pacts should be even larger than the economic savings (actual transportation costs do

not take sufficiently into account environmental impacts). However, there are no

overall studies of the effects of distributed work practice. The resulting rise in produc-
tivity can also reduce the number of work places. Although the unemployed persons
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are no longer inside the system limits, they continue to create environmental impacts

through other activities.

4.2 Information and communication technologies

There are two parts which are strongly linked but which cannot be analysed in the

same way. The communication networks are very difficult to analyse as process

chains because of their complexity and because of the fact that the same network is

often used for different types of existing and future applications. In some cases it is

possible to estimate the environmental impact of complex systems through a macro-

economic input/output analysis coupled to emission coefficients and resource con-

sumption. The German macroeconomic input/output matrix (ITAS, 1997) is not de-

tailed enough to isolate the economic activities for the production, repair and opera-

tion of large communication networks. Furthermore there are large international in-

terdependencies.

Personal computers and other distributed input/output devices have been analysed

and there are several LCA for personal computers (Grote, 1994; MCC, 1993; Soldera,

1995). The main findings are:

− the production of the hardware has a larger impact than its operation

− the mass input is much higher than the mass of the components

− the waste is composed of a large number of often not identified materials

− the screens based on cathodic tube technology have large production and opera-

tional energy needs.

4.3 Building construction and operation

Building LCA is certainly the most well developed. (Kohler et al., 1994; Kohler,

1995, 1998). The environmental assessment is realised by a modular combination of

upstream and downstream process analyses. All energy and mass flows are are de-

rived from usual quantity surveying and building construction process data. The main

problem lies in the assumptions concerning the very long life cycle. Basic data on all

types of industrial process can be found in (Frischknecht et al., 1995; Fritsche,

Rausch & Simon, 1989].

Over an assumed life time of 80 to 100 years, most effect-oriented environmental

impact factors show a relation (impacts through building and refurbishment versus

impacts through operation) of approx. 1:6 for buildings with low energy efficiency

and up to 1:1 for buildings with very high energy efficiency. The relation is somewhat

different for human toxic and ecotoxic indicators where the impacts through building
and refurbishment are more important. The situation of a building in relation to public

transport, the distance to the the centre and to residences, and the type of transport

used can make a large difference in environmental impacts.

As an illustration, the overall (primary) energy consumption for different combi-

nations of building types, work equipment and amount of generated transport has

been estimated. The basic data from (IFIB-HAB, Weimar-ETHZ, ESU, 1995; Kohler
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et al., 1994; Kohler, 1998) have been used. Although a large database has been used

for the basic process, the results are partial and the accuracy can be estimated to be +/-
20%. The primary energy has been chosen as an indicator for environmental impact

because of the availability of data for all the considered processes. It is, however, not

the only indicator. It correlates rather well with global warming effects but rather

badly with acidification and not at all with environmental or human toxicity.

Building characteristics
Building type highly highly highly highly aver. aver. Best exist.

equip. equip. equip. equip. equip. equip. techn.

Building state new new new new new new new refurb.

Build.energ.efficienc. low aver. high low high high very h high

Work equip. efficien. low low aver. low high high very h very h

Use characteristics
Surface p.person [m2] 20 20 20 20 20 20 20 20

Building life time [y] 30 100 100 30 100 100 100 100

Refurbishment [-] 2 2 2 2 2 2

Equipm.life time [y] 3 3 5 3 6 6 8 8

Transp. distance [km] 50 50 30 10 30 10 10 10

Public transport [%] 10 10 10 70 10 70 70 90

Primary energy consumption [kWh] per work place (20 m2) per year
Build.construction 3467 2800 2800 3667 1640 1640 1380 960

Building operation 10760 6596 4606 10760 4606 4606 2432 3298

IT equip.&operation 3050 3050 1490 3050 1157 1157 725 725

Transport 13233 13233 7940 1359 7940 1359 1359 930

Total [kWh/y] 30509 25679 16836 18836 15342 8762 5896 5913
Relation [%] 100 84 55 62 50 29 19 19

Fig. 2. Primary energy consumption for different solutions

Certain assumptions have been made about the type of buildings. The so called

highly equipped buildings correspond to buildings with moveable partitions sus-

pended ceilings and floors and generalised HVAC equipment. The operation energy

needs (heat and electricity) even for efficient ventilation, heating, cooling and lighting

equipment are very high. The energy parts for construction, refurbishment and main-

tenance are high because of the particular materials and components used in this type

of building. Transport plays a very important part in all solutions with large part of

individual transportation. For the work equipment the data from LCA for PCs been

adapted. The number of years of use of the equipment is quite important. Through

upgrading the equipment can be used much longer. Good design allows a high degree
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of reutilisation on a high level at the end of the life time for all components. This

effect has not been taken into account in the calculation.
As an alternative to highly equipped buildings, very simple buildings with sophisti-

cated energy conservation and passive solar design, little technical building equipment

and long lasting, low impact materials have been analysed. They are to be compared

to the case of very efficient refurbishment. In all these cases the „intelligence„ lies in

the design and operation process and not in the control equipment. If they are well

designed, the adaptability of such buildings to new work practises and new communi-

cation technologies is equivalent to the highly equipped buildings.

5 What Kind of Buildings do we Need for New Work Practises
and New Communication Techniques?

The statement that „current work spaces are not prepared for nor oriented towards the

integration of IT infrastructure supporting work processes with the infrastructure for

managing and operating buildings“ should be discussed. If in the beginning of the

application of computers 20 years ago, computers needed very particular climatic

conditions, developed large amounts of process heat, and needed special air-

conditioned rooms, this is not true anymore for current IT and will be even less true

for coming applications. It means that there is no need for complicated HVAC

equipment if buildings are designed with the available design tools and run in a effi-

cient manner (at least in central Europe). The space for networks has also been dra-

matically reduced. New developments allow to transport more and more information

through TV cable and even through the electrical current distribution networks. As to

the spatial capacity, all buildings with sufficient ceiling heights and which are not too

deep can be adapted and equipped with all kinds of electronic input/output devices.

This is particularly true for older industrial and warehouse type buildings. The refur-

bishment of large parts of recently built office buildings will allow the correction of at

least some of the design and construction errors and equip these buildings with new

networks. The development of always smaller, more decentralised and more autono-

mous IT allows new forms of work and of communication to adapt to a large portion

of existing buildings. The argument that existing buildings are not capable of receiv-

ing IT infrastructure and new work practise and that there is therefore a need for new

buildings, is probably no longer correct.

6 Buildings in a Long Term Perspective

The studies of the evolution of the German (ITAS, IFIB, IWU, Uni Dortmund &

Fachhochschule Kiel, 1996) and probably most other European buildings stocks show

the following tendencies:

− new building activities (above all of office buildings) are continually decreasing

− there are many old empty buildings (factories and warehouses)
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− there is a growing amount of empty new highly equipped office buildings resulting

from building overproduction and the effects of company reengineering

(downsizing, outsourcing etc.)

− there is a problem of financial allocation between new construction, refurbishment

and maintenance

− the mass flows (input) induced by building activities are 4 to 10 times higher than

the waste mass flows (output). There is growing concern over the use of resources

(materials, energy, land) and the resulting environmental impacts

− there is a growing risk of contamination of the whole building stock by undesired

materials.

− there is a growing awareness of the risks of poor indoor environment quality

(building illness through bad HVAC equipment, emissions from building materi-

als, electrosmog from electronic equipment etc.)

The simulation of the evolution of building activities, mass flows, energy flows,

land use and emissions show that a sustainable development of the building stock
needs a dramatic reduction in the operational energy used, the replacement of new

building and material production through longer use and the recycling of buildings

and components at a high level. The reduction of special waste (which includes elec-

tronic waste) through better design of buildings and equipment is also a general issue.

At the same time, the demand for spaces for service activities and for innovative

small industrial, service and R&D firms show the following tendencies:

− a rapid availability of space with good IT connections

− the possibility to reduce or increase space in short intervals

− low rent and operation costs

− the possibility to install rapidly IT technologies

− renting instead of building or buying (new construction is too slow, too rigid, too

expensive or too capital intensive)

These demands are more and more taken into account by firms specialised in rapid

refurbishment and transformation of existing, often empty buildings. As new owners,
these firms have a specific interest in managing the buildings in a flexible long term

perspective. They develop their own adapted and efficient FM tools independent of

the actual user. Large firms have a tendency to sell their own building stock.

A similar development can be observed in the tendency towards the leasing of of-

fice equipment (photocopy machines etc.). One of the largest firms in this field con-

tinues to use the main components of machines and replaces only the obsolete parts.

This strategy is economically and ecologically justified.

The overall strategy of sustainable development in the built environment, taking

into account economic, social and ecological aspects is based on the following hierar-

chy:

− maintain and improve the existing urban and regional environment

− manage the building stock as the largest financial, physical and cultural capital of

industrial societies in a long term perspective. This means that the building stock

becomes the basic resource (Hassler, 1996).
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− develop techniques to maintain, refurbish and adapt the existing buildings to new

requirements as well as adapt new techniques to fit the existing buildings.

− for new buildings (replacement of demolished buildings) create long term adapt-

able structures.

It has been proven that short term adaptations of buildings to rapidly changing

technical and social needs are inefficient in a long term perspective. There is a clear
strategic difference between the short term management of buildings (use) and the

long term (intergeneration) management of building stocks and urban contexts. The

architectural efforts should therefore be concentrated on the imagination of a new

social and cultural spatial environment which would accompany and improve new

forms of work and communication instead of trying to adapt objects with life times of

decades to IT techniques which change every three years.

7 Real Buildings and Virtual Buildings

The most promising aspect of the discussion about new work practises and new com-

munication techniques resides certainly in the development of new conceptual tools

like virtual worlds, virtual buildings, information building etc. There should be no

confusion between the long term management of the real physical environment and

the management of virtual worlds. Most attempts to qualify and differentiate build-

ings in a special way (like „intelligent“ buildings) neglect the extremely complex

nature of real buildings which can not separated from their cultural and historic sig-

nificance. Buildings in this sense are non-renewable resources. Simplistic technical

concepts might in their restrictive way even lead to technically incorrect conclusions,

because they underestimate the extremely rapid development of IT. The potential of

new simulation methods to improve the energy and environmental design methods as

well as the long term management of building stocks will probably play an important

role.

The integration of new work concepts and communication technologies with

building design and management is probably solved through the use of the building

metaphor in many IT applications. Research in this field could improve considerably

the domination of complexity arising from the modelling of large production and

communication processes. The use of buildings in virtual worlds could coexist very

well with the long term „sustainable“ use of real buildings as a complex social and
cultural environment. There is no need to adapt existing buildings to virtual worlds.
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Abstract. The paper discusses the research and developmental background for

initiating a holistic “Cooperative Building” project named office VISION. The

influence of the increasing global competition on organisational practices, in-

formation technological advances, research on cooperative work and its support

and advances in energy and ecological technologies are discussed. The case of

office VISION is presented. Office VISION is both a building, the framework

for innovative office functionality and a complete consulting scheme for the of-

fice of the future. Within the office VISION project, we have initiated the de-

velopment of 4 main themes: Sustainable working methods, democratic organi-

sations, a healthy indoor environment and liberating cooperative technologies

and new ways of organising work. Office VISION will be build in June 2000.

Keywords. cooperative buildings, sustainability, democratic organisations,

healthy indoor environment, CSCW, evacuated glazing

1 The Vision

We have a dream in common about how the world should be. The Garden of Eden,

peace, love, trust, cooperation, fertility, nature. This dream is shared by religions and

human beings all over the world and it is closer to reality on a Polynesian island, than

is our harsher climate in Scandinavia.
The office VISION project is holistic in nature. Cooperation with people from all

over the world, with all groups in society, and within the office. We emphasize the

integrated experiment with organisational practice, IT-tools for cooperation, entrepre-

neurial culture and trust. Even though the lion cannot pasture with the sheep, there has

to be enough space for people to use their different talents for our common good.

Ecology, means relations between the organism (the human being) and its sur-

roundings. An ecological building is therefore not just an ordinary construction with

less poison in it. The garden is a beautiful example of, and a strong metaphor for, the

symbiosis between human beings and their surroundings. Ecological culture.

The aim is to develop an attractive alternative to a normal building and normal

work conditions. We aim at developing technology that makes this alternative finan-

cially attractive, when the cost development is paid, and defects and faults are cor-
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rected. Therefore we build office VISION knowing that it is a giant challenge to make

great ambitions become reality. We have tried it before with villaVISION - a high
technology house of the future.

There are a number of reasons why we think it is a good idea to design and con-

struct the office VISION from a holistic point of view. One of our primary aims is
that human biological, social and psychological needs should be met most ��������

aiming at minimum resource- and environmental strain.

The need for cooperation between different disciplines in designing a cooperative

building like office VISION emerges in the recognition of difficulties in handling the

complex interplay between dynamic developments within a huge and differentiated

pool of knowledge. For example, the influence of the global competition on organisa-

tional practices, information technological advances, research on cooperative work

and its support and advances in energy, and ecological technologies. In this first sec-

tion of the paper we will take a short look on the first three examples, while we
shortly will return to the last example in our presentation of the office VISION case.

2 Motivation and Approach

Given the current situation of global competition there is a need for improved coordi-

nation within and between organizations, i.e., commercial enterprises engage in more

and more complex organisational control and coordination structures in order to im-

prove effectiveness of production. Also tendencies within manufacturing organiza-

tions point to a shift toward the formation of more flexible work organizations, e.g.,

just-in-time principles, which mean reduction in stock inventories; company wide

quality control, with total recall of manufacturing processes from design to sales and

services; concurrent engineering, which means many simultaneous engineering ac-

tivities; customer oriented manufacturing, e.g., increasing number of product variants.

In addition there is a shift from the view of organizations as monolithic ‘top-down’

governed rational entities to a view encompassing horizontal coordination and com-

munication.

We have also seen technological advances, i.e., the advent of low-cost and power-

ful personal computers and the introduction of Local Area Networks (LAN), Wide

Area Networks (WAN). The Internet and “intranets” makes it possible to workers to

share resources and communicate through the network. But in many senses the net-

worked PC and the computer systems and –applications are based on thinking stem-

ming from the industrial time area. If you step in to an office of today you will most

likely se people placed in front of their PC much like in ancient typist rooms and

much like the turner in front of his lathe. We must find other solutions if we wish to

take the idea of an information society seriously. The Internet is one small step ahead,

but information technological solutions can not stand alone. A holistic view on work,
technology, organizations, environment, architecture etc. must be called upon. We see

the area of “Cooperative Buildings” as a fruitful step towards creating holistic solu-

tions.

The research field Computer Supported Cooperative Work (CSCW) is closely re-

lated to that of “Cooperative Buildings.” CSCW is characterized by research related
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to organisational aspects related to the introduction of CSCW-applications in work

settings, research into CSCW architectures, the role of ethnographic methods in
CSCW systems design, the development of CSCW design methodologies, evaluation

of CSCW-applications in work settings, the development of CSCW multimedia sys-

tems (including virtual reality systems) in supporting asynchronous and synchronous

collaboration, and discursive topics related to the development of a conceptual

framework for CSCW. Contribution has come from a wide range of different research

disciplines, e.g., computer science, human computer interaction, participatory design,

ethnomethodology, cognitive and social psychology, organization theory, linguistics,

etc. There has not been much focus on how the physical settings the (perhaps except

from the virtual reality part of CSCW) of impact and support or even intercept coop-

erative work relations.

In the complex work settings that characterize many service, industrial, and ad-

ministrative companies of today, cooperative work arrangements emerge as a result of
our limited capabilities. The cooperative work arrangement emerges as a response to

different and dynamic requirements imposed by the field of work and the wider work

environment.

In meeting these requirements the cooperative work arrangement serves to aug-

ment psychical and mental capacity, differentiate and combine multiple technique

based competencies, facilitate the application of multiple problem solving strategies

and heuristics and facilitate the application of multiple perspectives on a given prob-

lem (Schmidt, 1990).

A further characteristic of cooperative work in large scale complex settings is that

it is often distributed in time and space. In addition the way cooperative work is ar-

ranged changes dynamically according to the situations at hand in terms of the actual
human and technical resources. Also the cooperative work arrangement does not have

to be a stable construction formed to fulfill a certain function but will be formed on an

ad hoc basis to cope with particular situations. That is, it does not have to be consid-

ered as a particular organizational entities like the team or group or departments.

Rather the cooperative work arrangements can span an entire corporation or even

among several corporations. These characteristics have been evidenced through sev-

eral field studies (e.g. Carstensen, 1996 and Andersen, 1997)

In relation to enhance such cooperative relations there is good reason to take a

broad look at the design of a supportive work environment in terms of facilities for

dynamic room configurations, flexible interior (re)arrangements, establishing distrib-

uted meeting rooms and other work spaces, and CSCW technologies in general.

In CSCW much of the work has focused on the study of team-work. The notion of
team-work often implies assumptions about a well-defined, relative stable, homoge-

neous and harmonic work-group. But in less confined ‘real world’ settings this is

often not the case. As sociological research has shown there is an inevitable and es-

sential aspect of contingency in cooperative work activities (Suchman, 1987).

A number of sociological studies using ethnographic methods have shown that

work is embedded in a sphere of social patterns of non-formal interaction. No matter

existing formal prescriptions of work the actors are engaged in and depend on non-

formal activities in carrying out their work (Wynn, 1979; Suchman, 1983; Suchman,

1987). Through informal work activities consistent interpretations of the course,

structure and contents of work tasks are maintained (Middleton, 1988).
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Fig. 1.  office VISION east view

That is, office work is embedded in social settings where the activities are medi-

ated by constant interactive non-formal communication, sharing of materials and tools
and is characterized by that workers, in a consecutive way are engaged in supplying

co-workers with information regarding their own and others ongoing work activities.

As such a main part of office work is constituted by informal conversational activities

that mediate the development and maintenance of a consistent and coherent under-

standing of each others task structure, content and progress. In addition everyday

office activities is often performed in very open ended and poorly structured work

systems characterized by a high degree of dynamic cooperative problem solving and

decision making.

Taking the “Cooperative Building” perspective this means that the contingencies of

cooperative work come to play role not only in terms of information technology. They

have to be considered in the light of, e.g., architectural considerations of designing

open, flexible and dynamic spaces (‘real’ as well as virtual) even incorporating an
esthetical dimension. Emphasis must be placed on the design and construction of

building interior, spatial arrangements and pleasant indoor work environments that

encompass the social richness and the situated character of the everyday office work

activities.

In the research field CSCW a part of the problem space is situated in the work of

building bridges between the different scientific disciplines and especially between

the social sciences and the application oriented information technological disciplines

(Shapiro, 1994). The social sciences can provide knowledge about cooperative work

practice and a repertoire of methodologies for obtaining new knowledge of these

aspects of human life. Taking a look at the area “Cooperative Buildings” building

such bridges becomes even more complex because of the immense amount disciplines
involved. This is true in our case as well. Therefore we aim to follow up and evaluate

on the process of building office VISION.

In the next section we will present the case of office VISION. The reader must

keep in mind that we are still in the beginning of the project. The building will be

finished in June 2000. Fortunately, there is still much research and developmental

work to be carried out.

3 Office VISION

Our basic biological needs are

the natural starting point for a

sustainable vision of the future,

since they will not change much

within the next century. The

vision is that our true biological,

social and psychological needs

should be met most directly

aiming at minimum resource- and

environmental strain. The genius

definition of UN’s Brundtland
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commission is that we should live the best possible life without doing it at the expense

of future generations. The new concept of “environmental space” adds that the re-

sources should be distributed equally among the global population. Together this add

up to a 90% reduction within EU during the next century. It will hurt less if we iden-

tify the true needs and develop the most direct and resource conscious way to satisfy

them.

Office VISION is a both a building, the framework for innovative office function-

ality and a complete consulting scheme for the office of the future. Within the office-
VISION project, the Danish Technological Institute (DTI) has initiated the develop-

ment of 4 main themes:

− Sustainable working methods, identifying the true needs and the most direct way to

satisfaction.

− Democratic organisation of releasing the gifts and talents necessary to meet the

global challenge.

− A healthy indoor environment close to humans evolutionary “design conditions”, -

a luxuriant tropical island under vacuum glazing.

− Liberating cooperative technologies and new ways of organising work.

3.1 Sustainability

Office VISION is DTI’s test case for an entirely new sustainable working method.

The most basic questions should always be put first. Which true need does the build-

ing satisfy? Could they be satisfied by substitution, e.g. reduced floor space through

more flexible utilisation? How can the constructions be minimised? Can renewable/

recyclable materials be used in order to save resources? Is the building constructed

with modules that can be replaced without having to replace the entire structure? Is it

possible to integrate photovoltaics in order to make the building energy producing?

Can rainwater and sewage be recycled? Can plants purify the air? Can we build with-

out environmental strain? Office VISION attempts to answer all these and more

questions positively.

The brilliance of Brundtland’s definition of sustainability is that it includes both

environmental, long-term and economical success criteria. It is thus essential that the

promising environmental solutions and innovative ideas are developed into systems

and components, which are competitive on the global market and due to their minimal
size, can be transported far without environmental strain.

The specific objectives are:

− Development of a new sustainable in depth analysing methodology based on true

needs.

− Minimal resource consumption and environmental strain in life cycle perspective.

− Energy producing building envelope.

− Local processing and recycling of sewage.

− Competitive, transportable, minimal products for the global market.
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3.2 Dynamic democratic organisation

The office is the theatre for organisation of work, but at the same time also for the

obstruction of work by way of bureaucracy and formalism. The demand for work

organisation increases with the world-wide trade/competition, and globalisation of

information/knowledge/capital as well as functional division of labour. In the future,

interdisciplinary organisation of the work, focusing on the customer needs, based on

democratic teamwork culture and entrepreneur-ship will be a competitive advantage.

The hierarchy was, previously, the only way to organise and communicate infor-

mation and decisions within an organisation. However that is now a relic from the

enlightened despotism. Information technology, Internet and Intranet make an internal

free market possible within consultant companies with an innovative entrepreneurial

culture. It can facilitate a take over of management, responsibility and initiative by the

employees, just as in a democratic society with market economy, ruled by laws, econ-

omy, culture and democratic decisions. The most direct way to satisfy a need leads to

least possible waste, ecologically as well as economically. This is the kind of sustain-

able organisation analysed at DTI. The specific objectives are:

− Organisation with the customers need in focus.

− Development of entrepreneur corporate culture based on values.

− Training and cooperative information technologies for a free market within the

organisation.

− Law rather than hierarchy regulating the internal market.

3.3 Healthy and inspiring indoor climate

The starting point for officeVISION is that man’s evolution has not been able to alter

the fact that our ideal climate is something like the climate of the Pacific Islands. We

build in order to protect ourselves from the rain, snow, wind, cold, heat, burning sun

as well as from our less attractive fellow creatures. However by doing so, we stay in

buildings with polluted, dusty and humid air, lacking daylight, and excluded from the

many positive impressions of nature. For many people, especially in northern coun-

tries, lack of daylight leads to less personal energy in winter (SAD). Returning day-

light to their lives will increase productivity. Office VISION aims to achieve the best

from both worlds - a luxuriant tropical island under vacuum glazing.

It is important, in an office, to be able to work efficiently. Office VISION is de-

signed to accommodate the many different functions and needs of the employees.

Small rooms for individual work, larger group rooms and a large conference room.

Multimedia room and room for quiet thoughtfulness. Dark rooms and light rooms.

The stage of the theatre is our inspiration. The users create the interior and change it

in a jiffy. Special climatic furniture creates an individual indoor climate. The specific

objectives are:

− Highly insulated glass building envelope, which lets in the daylight.

− Photovoltaics, which besides from electricity production also shields against too

much light.

− Thermal storage, in order to save the coolness of the night for hot summer days.
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− Natural ventilation without draught.

− Comfortable acoustics.

− Great flexibility within interior and utility.

− Individual indoor climate by way of climate adaptable furniture.

3.4 Liberating cooperative technologies

One of the most characteristic qualities of mankind is that knowledge is accumulated

and disseminated. Language and hence the printed word, telephone, radio, television

and the latest, the Internet has accelerated this process. Today the world is just at hand

information-wise, including the latest and the most advanced information, free of

charge. Now, in the global information society, it is solutions to the global challenges

that are in demand, optimal ecological and economical solutions.
The world’s leading experts and scientists publish, as part of the academic world’s

meriting process the leading knowledge as fast as possible, to be there first and

achieve recognition. But everybody else is also proud to show off their leading

knowledge. Moreover, all patents are published after a few years. In that way the

latest and best knowledge is available if you can just find it.

Until now the great problem has been that it is more expensive to find relevant

knowledge than to pay for advice from a consultant. But that can change fast. Until

now science has mainly been published in scientific magazines. The scientific world

wants faster information exchange including photos and graphics presented on the

Internet. In a few years it is expected that the bandwidth (transmission speed) has

grown about 100 times compared to today.

It takes expert knowledge to question an expert. One thing is to stand with a scien-
tific magazine in the hand, another is to understand it. Even though expert knowledge

is free, it is not a free good for the industry that wishes to solve a problem.

The information technology must be reduced to something like glasses, hearing

aids and clothes. Something you wear and carry with you, something that strengthens

your communi-

cation and in-

formation proc-

essing when-

ever and wher-

ever. The pos-

sibility to use
speech is deci-

sive for the

mobility. The

microphone

takes up next to

no space and

today it is

possible to transcribe and/or edit speech. Evidently, small devices also save resources.

Humans must be in focus. Humans communicate naturally by means of speech, fa-

cial expressions and body language. It is imperative that facial expressions and body

Fig. 2. The office VISION multi media chair
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language can be clearly transmitted. Video-conferencing could substitute business

trips, by far the most energy consuming activity of the office. The computer should
not be a PC but shared. CSCW applications should be turned in to parts of the oper-

ating system to facilitate cooperation. It should be possible to carry out meetings

distributed in time and space. The specific objectives are:

− Multimedia team spaces

− Miniature information technologies for optimal mobility/flexibility.

− Cooperative information technologies instead of transport.

− Diagnostic information technology tools.

− Integration of information technology and office interior, e.g. multi media chairs.

3.5 Example projects

In the following we briefly present some central project examples from the main

office VISION program which will serve to shed more light on the four themes dis-

cussed above.

3.5.1 The power envelope - zero emission building

This project is in specific related to the themes of sustainability and healthy indoor

climate (cf. Sections 3.1 and 3.3). The project is supported by the EU Joule program.

The main objectives of this project are:

− To develop and test a transparent and high performance energy producing building

envelope system.

− To develop and build a zero emission daylight office building.

− To evaluate energy performance and user acceptability of this glazed zero energy

building.

This experimental

building will utilize

newly developed

highly insulating evacu-

ated glazing and this

project will develop

facade integrated

multifunctional PV day-

light control elements

in a new industrialized

smart building
component system, cre-

ating a totally new

concept for working

spaces. Diffuse

daylight covers the

passive space heating Fig. 3. The thermal envelope
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and lighting requirement throughout the day and the year, except in the early winter

mornings. Direct sunshine provides electricity. The switching is instantaneous utiliz-
ing the optical laws of physics. A life cycle zero energy building, - the zero emission
building - with supreme working conditions and indoor environmental quality is cre-

ated. The daylight factor (overcast conditions) is above 50% all over the building

compared to 2-10% in conventional buildings. As the only time of daylight in the

winter is during office hours. This level of daylight in an office is necessary to pre-

vent Seasonal Affective Disorder problems.

This is not yet another low energy building where a lot of energy saving compo-

nents and system are added on both building and price. The innovative approach in

this project is on the contrary reducing equipment and components to an absolute

minimum: Glass on a minimal load bearing construction. No frames, no ordinary

building construction. All water/sewage installations in a factory built container. A

very simplified electrical installation with smart controls integrated in the (wireless)
computer network. Right through an attempt to bring down embodied energy, waste,

production cost, and transportation. 3 truckloads brings the whole building and its

installations to the site. No cutting is done on site, only assembly. The ambitious goal

is furthermore that the cost of this envelope should not exceed 150 ECU/m² in mass

production For the PV part, the extra cost should be justified by energy saving with a

simple pay back time of 10 years. This new product is thus not competing alone with

glazing systems (costing 3-5 times as much) but with all insulated thermal envelopes

of conventional construction.

The cross section is determined by the summer sun angle. The south facade gains

and processes direct solar irradiation, the gables shade and the north facade is in

shadow from direct sunlight until 7pm (summertime) thus not disturbing during nor-
mal office hours. The position on top of en existing building is chosen to show urban

and retrofit potential of this concept. The existing building is a consumer for the ex-

cess energy from this pilot building, a symbol of a retrofit strategy for bringing down

the energy consumption of the existing building stock.

3.5.2 @VISION organisation

This project is in specific related to the democratic organisation theme (cf. Section

3.2). The idea behind project is to try to form an new organization which is horizon-

tal, flexible, legally competent to transact business and build on democratic princi-

ples. The main innovative contents are:

− A creation of a vertical project organization for a holistic service – taking the task

as a point of departure.

− A creation of a horizontal project organization taking resource allocation as a point

of departure.

− The project entrepreneurs have full responsibilities for economy and project man-

agement.

− Only the results counts - not the time consumption. Only solutions and ”brain-

hours” is taking into account – not ”body-hours.”

− Value analysis and control and market mechanisms replace formal government and

bureaucracies.
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− Internal services will be bought on demand, e.g., accountancy and computer hot-

lines.

− A democratically elected management board and securing democratic rights and

obligations

− A clear sustainable vision for the work to be carried out.

− Value based, visible and conclusive management

− An authorization for employees based on a trainee solution and comprehensive

educational activities focusing on the functional, cultural and value-based aspects

of the organization.

− An individual economical incentive.

− A very high degree of flexibility and mobility.

Office VISION will act as pilot forum for trying out such an organization. At sight

the goal is to implement some (or all) of the mentioned organizational innovations

with in the framework of our own organization as a whole, depending on the evalua-

tion of the pilot.

3.5.3 A woodland kindergarten for adults

This project is in specific related to the healthy and inspiring indoor climate theme

(cf. Section 3.3). One of the conclusions in a recent empirical study of children’s

behavior (Grahn et al.,1997) is that children who are nursed in natural environments

shows a better ability to concentrate and has a more developed play behavior than

children who are nursed inside and who are reduced to play in the city courtyards.

Another main conclusion is that children are significantly less ill, and become more

supple when nursed in woodland kindergartens instead of city kindergartens. A third

conclusion is that the natural surroundings support children’s mental efforts in a way

planned and organized environments does not. Also the researchers found that the

natural environments supports children’s intellectual flows by “loosen up their

thoughts” and increasing their ability to “think clearly” without being to importunate.

The following list of requirements was derived from the study. This list has served as

a strong inspiration for us in the project.

1. Wilderness: The need to experience the mysteriousness in environment not

planned and organized by humans.

2. Scope: The patio must be sufficiently big to allow free activities without worrying

about violating existing limits and create annoyance to others.

3. Peace: There must be a peaceful place to rest and calm down without noise, chatter

or obtrusive people.

4. Wealth of species: It must be possible to be able to discover new fascinating

things that attract attention, are unpredictable and not easy to grasp. E.g., the dif-

ferent seasons of the year.

5. The open space: There must be an open space where to gather.

6. The playground: A place to make experiments and to be active.

7. Fête grounds: A place for festive occasions, cosines and entertainment.
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Office modules

Caves

Caves

The garden

Fig. 4. The Garden, the Caves and the Office modules

8. Cultural heritage: A place to experience examples and symbols from our cultural

and historical heritage.

The common theme for office VISION is that people are different and have differ-

ent needs. This is also the reason why we have chosen both to have some psychical

flexibility and at the same time within the climatic shield to offer a wide range of

functional flexibility and expedient flexible spaces. This allow people to choose to

live a normal office life in office VISION and from that starting point to develop new

habits. The interior program contains 3 different environments: The Garden, the

Caves and the Office modules.

Within the garden:
On top of the caves

there will be a layer

of gravel mixed

with cement.

Moreover there

will be a layer of

ochre sand, which

is shaped as a soft

natural landscape.

Here the big plants

will be planted in

pipes leading

directly through to

the ground water.

These surface of

pipes will be

covered with Leca

(light expanded clay aggregate reg. trademark.) The idea is to let all it all look and

function like an oasis, but without water or soil at the surface. In this way we avoid

unhealthy microorganisms. All plants are placed in this “common” - the botanical

gardens. It is possible to take a walk in the garden and sit down in the shadows of the

trees. In the middle of common you will find the cafe. In the large glazed garden the

climate is bright and rather fluctuating, somewhat like outdoor on the Canary Island.

Within the caves
Mounted directly on the base gravel foundation there will be a series of domes made

of fiber reinforced concrete. These domes are outwardly connected to the surround-

ings by large pipes with glaze doors into the open. Inwardly the domes are connected

through doors leading into the landscape of plants within the glaze climatic shield. It

is important to have to create a good sound protection to prevent noise to go in and

out of the domes. Daylight is not that important within the caves as in the open office

landscape, as the domes are meant for e.g. multi-media team activities and presenta-

tions. Stainless steel pipes transmit light both from the outside and from the garden
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into the caves. These pipes will also be used for different ventilation strategies and

purposes.

Within the office modules
The open plan office is great for getting help from ones collages. The cell office is

great for concentrating on your work when you know what to do. In office VISION

the office modules are designed to serve both purposes. They can be open plan when

and if you want and they can be closed when that is convenient. Actually they can

even be only acoustically closed by glass walls and fully closed by additional cur-

tains. The glass walls are of similar construction as glazing of balconies, and they are

covering all walls. You can open towards your neighbors, toward the garden and

toward the entrance atrium between the offices. In the office modules the indoor cli-

mate is individually controlled.

Overview of the office VISION interior program Area m2 Persons Floor

Garden
1. Entrance hall 10 1

2. Guest meeting room 1 15 6-8 1

3. Guest meeting room 2 15 6-8 1

4. Garden 20 2

5. Garden café 100 60 2

6. Swimming pool 100 6 1

7. Sport facilities 60 6 1

8. Forum 50 50 1

Caves
9. Multimedia team space 1 50 10-12 1

10. Multimedia team space 2 50 10-12 1

11. Conference room 50 20 1

12. Library 50 6-8 1

13. Workshop 50 1

14. Room for technical installations 50 1

15. Siesta room 1 8 1 1

16. Siesta room 2 8 1 1

17. Changing room/sauna ladies and gents 100 8 1

Office
18. Office modules 300 50 2+3

In total 1100

+ garden

50-60

Fig. 5. Overview of the office VISION interior program

3.5.4 Multimedia team spaces
This project is in specific related to the liberating cooperative technologies theme (cf.

Section 3.4). In the future, work and co-operation in organizations will be character-

ized by a high degree of dynamics, flexibility, and mobility that will go far beyond
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many of today’s developments and examples. This project aims to adapt and integrate

different multimedia IT components and systems to be tried out and demonstrated in

the DTI officeVISION building and our other local DTI offices In this project, we

will especially focus on integrated support for local and global co-operation situa-

tions. It addresses the issue of how important it is to support local communication and

co-operation activities, e.g., co-located in a room or in an office building, versus

globally distributed people working in different locations. The project is inspired by

the work of Streitz et al. (see e.g., Streitz et al., 1997). The overall goal of the project

implies the following results:

− A working demonstrator of an integrated multi media workspace of the future

− Value adding to industry tools by integration of and adaptation of existing multi-

media technologies, e.g., user interfaces, standards and content.

− User experience with value added tools in a real working environment and experi-

ence with work re-organization.

− Designing a real space from a multimedia and social point of views and integration

of the multi media tools and a healthy environment

− Implementation of “Creativity Labs” utilizing know-how and technology acquired

through research/developments done by GMD-IPSI, Siemens and DTI over the last

five years.

The demonstrator will be created in a business situation, where consultants are

doing their normal job, i.e. solving problems for real customers in distributed teams

covering a range of co-operation scenarios.
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Abstract. A non-profit consortium developed an integrated workplace exhibit

to investigate how the workplace should evolve to support changes in technol-

ogy and social and organizational structures. The exhibit helps people visualize

and experience new and innovative office designs. The needs of a fictitious

company form the framework for the design. It is divided into two sections

called 1997 and 2007. The 1997 section demonstrates evolutionary changes to

offices in both space and technology, enhancing traditional design concepts and

introducing elements of flexibility and choice. The 2007 space introduces a

more revolutionary approach to office design, work practices, and technology.

The primary purpose of the office is expected to be support for socialization

and group work, with technology powerfully providing the information required

for these efforts. More than 1,000 people have toured the exhibit in the few

months since its opening. Many organizations have been strongly influenced by

the exhibit, searching for ways to integrate its concepts into their plans for fu-

ture office space.

Keywords. experimental exibit, integrated workplace design, office design,

future office space, group work, socialization

1 Background

The work environment is changing. The New York Times reported a five-fold increase

between 1984 and 1995 in the number of people who work from outside the office.

About 18% of U.S. companies allow telecommuting while 30% offer flextime. With
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technology revolutionizing the way in which people work, real estate costs rising, and

regional infrastructures stretched to the breaking point by population increases, the

office must adapt to support these changes.

About two years ago several people in Seattle, Washington were discussing how

the changing nature of work might impact office design concepts. The group observed
that many people were talking about the need to redefine workplace strategies, but

there were few, if any, places to see or experience new work environments. A place

was needed where new approaches to workplace design could be tried and experi-

enced. This vision gave birth to the Future@Work exhibit.

The group formed a non-profit consortium and embarked upon designing and

building an experimental exhibit. The problem of a location for the exhibit was solved

when Seafirst Bank donated 465 m
2
 of office space in downtown Seattle for 1 year.

Some of the organizational trends motivating the exhibit were as follows:

❏ Information technologies have changed the ways people work dramatically. The

tools of work have changed, and people can collaborate with one another from a

distance.

❏ Organizations have re-engineered their business processes, flattening levels of

managerial hierarchy.

❏ Organizations emphasize group work of multi-disciplinary teams over the individ-

ual work of people performing functional tasks. These teams bring together the

people, regardless of functional division, needed to support their requirements.

Despite changes in technology, organizational structure, and ways of working,

most organizations design office environments as they did 20 years ago. Some of the

characteristics of these traditional space designs are as follows:

❏ Facilities are designed predominately around individual space allocations with

little consideration for support of teamwork.

❏ Real estate is allocated based upon rank in the organization, not function. Addi-

tional space is provided as a reward for rising in the hierarchy. It is allocated as a

symbol of status, not in response to functional needs.

❏ Facility managers are rewarded for cost control, not for using space in a way that

enhances the productivity of the workforce.

❏ Facility design and infrastructure is relatively inflexible and expensive to change, a

poor fit with the rapid changes in team structure found in many organizations.

2 The Collaboration

Future@Work represents an achievement in corporate collaboration. More than 100

companies contributed to the exhibit, with seven core companies (AT&T Wireless

Services, Barclay Dean Interiors, Callison Architecture, Steelcase, Metro Furnishings,

Sparling, and Seafirst Bank) forming the nucleus of the collaboration. The consortium

members contributed more than $1,000,000 despite having no clients for the exhibit.

This collaboration made the exhibit a unique experience for the consortium members

before the doors of the exhibit opened.
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The group that conceived Future@Work represented firms from the real estate, ar-

chitectural, and commercial furnishings industries, each concerned with different
aspects of the physical workplace. They recognized that effective workplace design

requires consideration of other influences. The underlying roots of change causing the

need for a redefinition of physical space are found in advances in information tech-

nology and corresponding changes in organizational structures and processes. To

consider these influences, we adopted a model promoted by Steelcase (see Duffy et al,
1993; Duffy, 1997) that includes four major areas: Business Process, People, Tech-
nology, and Workplace. In this model an interrelationship is developed that defines all

organizational performance as the result of People organized by Business Processes,

who are supported by Technology and perform work in a Workplace.

With this model in mind we sought to expand our collaborative team to include

members representing expertise in each of these four major areas. We began talking

to organizational leaders about business processes and structures and about the im-
pact, challenges and results of process reengineering. We sought partners from the

technology arena who could lend their expertise on how emerging trends in IT were

impacting organizational productivity. We sought expertise and insight into people’s

ability to effectively embrace and adapt to changes in business process, technology,

and physical space. We involved members of the Human Resources and Organiza-

tional Psychology fields with insight on how new work strategies might affect organ-

izational culture.

3 Exhibit Goals

The consortium sought to build an environment that integrates and leverages physical

space and technology to support and enhance an organization’s effectiveness and to

support collaborative group work. It soon became apparent that myriad issues spring

from this vision. We needed to define key goals for the exhibit and determine, based

upon these goals, how to proceed in its development. After several months of conver-

sation and debate we adopted the following goals and themes.

3.1 Interrupt people’s thinking

The exhibit should break people’s traditional frames of thought and provoke them to

reconsider some of their basic approaches to organizational change and evolution.

This is why we felt compelled to build a space. It is much easier to reconsider a view-

point when experiencing something new.

3.2 Explore the benefits of an integrated approach to change

We believed many gains could be achieved by executing organizational strategies that

systematically integrated the interrelationships between the fundamental business

factors of People, Process, Technology and Workplace. However, in practice change

is rarely approached using this methodology, particularly in larger organizations.
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Business leaders talk about cross functional change processes, but most organizations

separate the execution of strategies in Real Estate & Facilities, Information Technol-

ogy, and Human Resources. These groups may all be trying to support the same stra-

tegic vision or business process, but they rarely talk to one another about how their

worlds might be interrelated. While developing the exhibit we were amazed at how

often the collaborative partners representing separate disciplines (who generally had

never collaborated with one another before) would discover their professions were

trying to achieve the same strategic goals using different approaches and tools.

3.3 Demonstrate activity-based planning methodology

When allocating real estate, organizations tend to focus on who you are, not what you

do. We wanted to explore a methodology that first supported what people do in the

organization, both in individual and grouped based activities. Without discounting the

influence of culture and status in the organization, the group believed that effective

environments should first serve the diverse activities of organizational populations,

regardless of rank.

3.4 Provide an inspiring experience

We sought to create an environment where people feel at home at work. An exciting,

inspiring environment should help organizations attract and retain first-class talent.

3.5 Explore creating an environment of choice

A flattened, cross-functional, process-driven organization is fluid. Teams evolve to

meet changing goals and needs. Teams may span geographic locations and organiza-

tional structure. We wanted to explore technologies that support teamwork through

enhanced communication and through easy access, exchange, and manipulation of

information. Concurrently, we wanted to explore physical settings that support di-

verse ways of working while maintaining or reducing overall real estate requirements.

3.6 Support collaboration

We sought to explore group collaboration on two fronts: Collaborative efforts occur-

ring within the confines of a given space, and collaboration that occurred across geo-

graphic boundaries supported by a variety of different electronic tools. Also, we were

concerned about the behavioral implications of collaborative work and how it could

best be encouraged and facilitated within the workforce and over a wide range of

mediums, both physical and electronic.
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3.7 Support cultural and organizational change

We wanted to develop ways in which changes in work factors can be easily learned,

embraced, and implemented. New technologies and facilities intended to enhance the

productivity of the workforce can be ineffective or harmful if people do not embrace

and effectively utilize these new tools. New methods of work require new behaviors

for the workforce, and change tends to be resisted. Significant changes in work strate-

gies impact existing cultures, particularly when tinkering with underlying symbols of

status. We sought to examine how changes in technology and physical settings could

be introduced in ways that support desired organizational cultural attributes and miti-

gate negative cultural reactions to change.

3.8 Demonstrate return on investment

Modern organizations evolve continually, but facilities do not support change. Rigid

interior architecture, utilities infrastructure, and system furnishings increase the cost

of changes. The exhibit explores ways of reducing costs through adaptable facilities

and through technologies that enable individuals and groups to work in locations

other then the central office. Some areas considered include:

❏ Reductions in real estate allocated per employee

❏ Better utilization of existing space

❏ Increasing the flexibility of interior architecture, utilities infrastructure, and tech-

nology

❏ Ergonomic factors that support worker productivity, health, and safety

❏ Work strategies and work environments that support the quality of people’s lives

and reduce turnover

❏ Application of an integrated workplace strategy that supports organizational per-

formance goals

4 The Exhibit

We divided the space into two sections, one called 1997 and the other called 2007.

The 1997 section of the space was designed to display evolutionary changes to offices

in both space and technology. The space enhances traditional design concepts, and

introduces more elements of flexibility and choice into the environment. The tech-

nologies are readily available and most have been adopted by more aggressive com-

panies. The design of the 2007 space takes a more revolutionary approach to office

design, work practices, and technology. Here, too, the technologies are readily avail-

able, but few companies have adopted them as of now.
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Fig. 1. The layout of the Future@Work exhibit

When designing these spaces we faced a serious challenge. How could we employ

activity-based planning methodology without a client or target business? To meet this

challenge we created a fictitious company named Humboldt Home and Hardware.

The exhibit thematically explored a ten-year evolution of Humboldt, a regionally

based high end hardware company with plans for national and ultimately global ex-

pansion. The creation of Humboldt added a dimension of business reality to the ex-

hibit, allowing us to create Humboldt employees who could, via multi-media produc-

tion, simultaneously demonstrate the technology we were displaying and subtly de-

liver messages about the changing nature of work.

Future@Work was designed to be inspiring, providing employees with a comfort-
able, more residential feel compared to traditional offices. The intent was to create an

environment with the warmth and appeal of a local coffee shop or favorite bookstore.

We wanted a place that people would want to come to.

Almost all areas, (workstations, offices, conference areas, etc.) are smaller then the

typical office space. To demonstrate the potential return on investment, the exhibit

shows that organizations can reduce real estate and still create comfortable, enticing

environments. We reduced personal space in exchange for increasing group space
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allocations to support collaboration. The premise was that the exchange could not

increase overall real estate.

5 Year 1997

The 1997 section of the exhibit is divided into four separate areas or vignettes: The

entry area, the 1997 conference area, the 1997 team area, and a private office.
The entry area (area 1 in Fig. 1) provides a reflective setting where visitors can re-

lax and begin to contemplate change. The entry room is a large, softly lit oval. Cur-

tains frame one wall, and memorable quotes about change are displayed on another.

Sample quotes include a 1949 statement by Thomas Watson, Chairman of the Board

of IBM, claiming “I believe there is a market for maybe five computers in the world”

. The message is simple: change occurs rapidly, it is embraced quickly, and, in hind-

sight, to imagine otherwise seems silly.

The conference area (area 4) illustrates how simple changes can make a traditional

conference room more flexible and support a variety of interactions both within the

space and remotely via technology. The conference room has the following features:

❏ Soft indirect lighting to create a less harsh environment and better support the use

of multimedia and video-teleconferencing.

❏ A 3.7-m conference table on wheels that breaks into three sections to support

break-out groups.

❏ Large multimedia cabinets built as furniture that can be moved instead of destroyed

if the needs of the company for the space change.

❏ Vertical surfaces where information can be tacked.

The conference room has been pre-wired for a variety of technologies (Cat 5, T1

lines, and fiber). All power and data plugs are readily accessible and located in walls

or on top of the conference table.

During tours of the exhibit we show a simulated virtual meeting between the CEO

of Humboldt and his real estate director. We demonstrate how they can use Intel Pro-

Share video desktop conferencing technology to show a video clip of a potential space

for a store site and interact remotely while editing a floor plan. The message of this

technology is to introduce the power and affordability of remote collaboration via

technology that is readily available.
The 1997 team area (areas 6, 7, and 8) demonstrates an environment of choice that

supports both individual and group work within a small space (32.5 m
2
). A spine of

workstations supports the needs of 3 to 4 people. These stations combine both fixed

and mobile elements to provide for individual worker flexibility. Adjacent spaces

illustrate how work is performed in a variety of modes and are best supported by

different environments. The architectural features of this space include the following:

❏ Highly mobile furniture (including tables, chairs, storage carts, files, etc.) that can

be easily reconfigured in a variety of ways by the team occupying the space

❏ A small personal space, owned by the work team, that provides total privacy

❏ Mobile partitions and screens that act as barriers and provide display and writing

space
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❏ Adjustable ambient lighting and window treatments to control light levels and

reduce glare on computer screens

❏ Acoustic partitions, acoustic ceiling tile, and zone-controlled white noise

In exchanging individual spaces for group space, personal workstations are only

3.7 m2
 (typical designs are 6 m

2
 or larger). To create a more inviting environment and

to lessen the sense of enclosure, the colors used are softer and more residential then

found in traditional designs. To further create the illusion of more space the team area

is located next to the outside windows and there are no barriers separating the indi-

vidual workstations from the shared team space.

The collaborative team area introduces the concept of wireless technology in the

office. The entire exhibit is a micro-cell site provided by AT&T Wireless. The of-

fice’s wireless phone system operates like a PBX system. All calls can be transferred

using a 4- or 5-digit extension number, and within the confines of the facility there

would be a flat monthly fee structure for services, as with wired systems. However, if

a person were to leave the office they would still use the same phone, they simply

would change billing rates. Once free from the anchor of a fixed communications

device, people can work effectively anywhere in the environment.
Other technologies employed in this area include the following:

❏ A large electronic white board that is networked into the office infrastructure so

that recorded information can easily be disseminated

❏ A company intranet

❏ A web based system called Reserve for remotely scheduling resources within the

organization (meeting rooms, AV equipment, vehicles, food, etc.)

The 1997 private office (area 10) is usually empty. Recent studies show that pri-

vate offices are empty about 70% of the time. This represents a lot of idle, expensive

real estate. We attempted to reduce office size (only 8.8 m
2
) yet still make it comfort-

able. The strategy was to maximize the use of vertical space for both storage and

work surface. We introduced a large wall unit for vertical storage space. An electronic

whiteboard on another wall provides a vertical work space. The office desk is light in
scale and can double as a conference table. We softened the walls with textured wall

coverings to lessen the feel of physical barrier and used softer lighting to add texture

to the environment.

Empty private rooms should be reusable as collaborative meeting spaces, raising

issues of personal and professional security. The wall unit has a fold-down door that

can easily be lowered to secure the worksurface or raised and locked to secure all

storage in the unit.

6 Year 2007

Designing for the year 2007 requires anticipating the coming changes in technology

and the business environment. Some of the anticipated changes are:

❏ Information technologies will continue to increase in power and richness of appli-

cation.
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❏ Wireless technology will untether computing and communication technologies

from fixed locations.

❏ Large interactive display devices will support collaboration in the office.

❏ People will perform complex individual and collaborative work from a variety of

locations other than the office itself.

❏ People will go to the office less and work away from the office more, reducing the

percentage of workers in the office.

❏ Quality of life will be an increasingly prominent issue.

These trends point towards a changed mission for the office. We see the emergence

of an office whose main mission is to support socialization and group work, with
technology powerfully providing the information required for these efforts. Though

individual work will still be performed at the office, it will not be the central focus.

By 2007 we anticipate a reduction in personally allocated individual space. Individual

spaces are still available to perform work, but they are more often borrowed, not

owned.

We feel that the workforce must perceive that they are gaining something to coun-

teract their fears of change and sense of loss experienced by reductions in personal

space and symbols of status. There must be an exchange for the changes to be em-

braced.

In designing for 2007 we attempted to offer the workforce an exchange that is

analogous to moving from a basic one-room, one-person apartment to a large, diverse,

and well-designed home shared with others. We approached the design of the office
space with none of the constraints or preconceived notions of traditional office design.

We created a diverse collection of experimental spaces to support different ways that

people work. We attempted to make the office a place where people would want to

come by designing areas that, though smaller, are more comfortable, attractive, and

gracious than traditional office environments. Our goal was to create laboratories that

would stimulate new thinking about the workplace.

6.1 Reception area

A concierge (in area 11), not a receptionist, greets the visitor to the 2007 space. The

concierge assists people returning to the office to access the resources they need,

including office space, and to provide them with an opportunity to be positively reac-

quainted to the culture and activities of the organizational community.

Employees have lockers for storing personal files and effects, supporting a com-

mon cultural need for individual attachment to the environment. Lacking a permanent

space, employees can arrange their personal items in whatever space they use. An
organization with a cultural need for visible symbols of status could give higher-

ranking employees access to private offices and allocate workstations to all others

workers.

The reception area contains a 107-cm plasma screen, a high-resolution, thin video

monitor that hangs on the wall like a piece of art. This display provides touch screen

access to the company’s web site, allowing visitors to search for information desired

about the company.
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6.2 Village Green

The 2007 space includes a village green (area 12), a large meeting area. The village

green is similar in feel to a nicely appointed hotel lobby or the common area of a first-

class resort. It is purposely designed to entice people into having lively and informal

meetings. The village green is highly flexible; all its furnishings are mobile, including

tables, chairs, display boards, and storage units. Even the lighting is flexible and is

suspended on mobile tracks in the ceiling.

The village green is supported by wireless data and communication technology. A

visitor can access information on the company network from anywhere in the space

by simply turning on a laptop computer. The visitor can remotely control the large

video monitors on the walls of the space and remotely print and transfer information.
A company dashboard on one wall of the village green displays broadcast mes-

sages. The dashboard is a large, high-resolution, computer-generated display, easily

viewed without dimming the surrounding lights. It can be used to display critical

organizational information, presentations, or remote video-teleconferencing.

6.3 Alternative Work Settings

Work settings adjacent to the village green demonstrate diverse approaches to sup-

porting specific modes of group or individual work. These work settings interrupt

visitors’ thinking about office space and stimulate ideas regarding choices in the of-

fice environment. The settings include a private office, workstations, a decompression

room, a juice bar, a small multi-use room, and a study.
The private office (area 10) is simply a back door to the same office shown in the

1997 space. We feel offices still will be around in 2007, only now they may be bor-

rowed rather then owned.

The 2007 workstations (area 14) require less storage space than in 1997 because

information is stored on and accessed from compact digital media. Wall-mounted

display tools replace the storage areas and provide better visual access to information.

In the information age people are assaulted by information and rarely have time to

reflect. An employee who needs a quiet area to think or simply relax might enter the

decompression room (area 15), a small (2.2 m
2
) softly lit room containing a comfort-

able lounge chair. The room (about the size of a broom closet) purposely contains no

technology.

The juice bar is a small bistro-like area (area 18) designed to encourage quality in-
teractions in the context of food and drink. This area serves informally to support the

culture of the organization. Visitors will see pictures on the wall of employees in non-

work situations. Employees can post messages on an informal electronic bulletin

board (a plasma screen) and watch a video clip of a company picnic.
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A small (only 7 m
2
) multi-

use room (area 17) provides an
attractive and flexible environ-

ment for either individual work

or small meetings. The layout

of the room was influenced by

yacht design; objects are

downsized and every bit of

space is utilized. This space is

best appreciated through expe-

rience, and it generates some of

the most dramatic and positive

responses from visitors.

The study (area 13) is an
evolution of the 1997 confer-

ence room but feels more like a

comfortable living room (see

Fig. 2). Several small mobile

tables (similar to a TV tray)

move with the user or are at-

tached to chairs, eliminating the

need for a large central table. A

key element of the room is a

large interactive multimedia

display occupying only 1.1 m
2
 that supports collaboration among people in the study

and with people at other sites. Presentation and production tools are accessible to

everyone in the study.

7 Results

People have reacted to the exhibit with excitement and enthusiasm. More than 1,000

people have visited the exhibit since it opened in June 1997. They represent organiza-

tions of all sizes and span many disciplines. The people who have reacted most posi-

tively have been from large organizations whose process structures are characterized

by multidisciplinary teamwork.

The exhibit is nearly half through its planned one-year life. Ideally, its success

should be measured in terms of the changes it invokes in the organizations that have

visited it. Here we offer a preliminary evaluation based on the exhibit’s stated goals.

The data for this evaluation are incomplete and mostly anecdotal but provide some

measure of its success.

7.1 Interrupt people’s thinking

Nearly every tour of the exhibit provokes serious conversation with visitors. Most

visitors want to return with key decision-makers within their organizations.  These

Fig. 2. The 2007 study
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responses have served to validate the power of the experiential nature of the exhibit.

Most visitors comment that they never would have understood the possibilities of new

approaches to the workplace had they not actually come to experience the exhibit.

In many cases tours provoke action.  Several organizations, well under way with

large projects taking traditional approaches, have stopped the projects and are now
reevaluating their entire design along the though processes demonstrated.   Members

of the collaboration are now involved in a variety of projects that are assisting organi-

zations to apply these concepts to their own situations.

7.2 Explore the benefits of an integrated approach to change

The exhibit was designed and developed by a collaborative cross-functional team.

Technologies are integrated into the physical space, and this union supports greater

flexibility in ways of working together. Inspired by this exhibit, a large manufacturing

company established a team to design experiments within their own environment. The

team includes facilities management, organizational development, network special-

ists, and experts in collaborative work and collaborative technology. They are plan-

ning new work environments that integrate and stretch the limits of all their disci-

plines.

7.3 Demonstrate activity-based planning methodology

We could not employ all aspects of activity-based planning during the design of the

exhibit because it does not support a real workforce. Instead, we focused on the

imagined activities of the Humboldt Home and Hardware employees. The work areas

were designed to adapt flexibly to a wide range of work activities.

We are now beginning to work with clients to employ this methodology in the

workplace. One example is a large recreational product developer that requires their

workforce to transition from group work to individual tasks continuously during the

development of products. Here we have the opportunity to employ interviews, proto-

types, and other methods for involving the workforce in the evolution of their envi-
ronment.

7.4 Provide an inspiring experience

One large international manufacturing firm has sent more than 50 people (including

several Senior Vice Presidents) through the exhibit and is using the exhibit’s mes-

sages and methodologies as the template for them to reevaluate their overall work-

place strategy. A visit of a Navy Captain, led to the visit by the Admiral, which led to

the visit by the Undersecretary of Defense for the United States. While most visitors

have been from the Seattle area, one large company based in California has sent a

series of representatives from strategic geographic locations to the exhibit. They are

using it as a tool to provoke and inspire change throughout their organization.
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7.5 Explore creating an environment of choice

The visitor to 2007 is met with a range of intriguing options, each of which supports a

variety of functional needs. We created flexible environments that could support both

groups and individuals in various communication and production modes.

The Director of Organizational Development for a large manufacturing firm, who

considered himself somewhat a student of alternative workplace strategies, com-
mented while in the Village Green: “After reading Workplace by Design (Becker &

Steele, 1995) I thought I knew what environments of choice could do in supporting

work, but only after touring this exhibit do I understand how they can feel. I feel like I

am sitting in the space written in his book.” Currently this person is employing many

of the concepts of the exhibit in an upcoming move for his group. Further, since his

group provides high level executive training and cultural management, he is looking

for his environment to become a tool in supporting leadership development, learning,

and cultural communication.

7.6 Support collaboration

The chief Operating Officer of a rapidly growing high-technology firm of approxi-

mately 500 employees laughs out loud while in the 2007 meeting room. When asked

to comment on his laughter he said: “ I was just contemplating that I recently spent

over $15,000 to take our executive group to a local resort to sit in an environment

much like this. I felt a comfortable and informal atmosphere would more effectively

support barrier free interaction. This is despite the fact that the technology support for

such a meeting was better provided at our own office. I am struck by the realization

that this is an admission that the real estate we pay for every month is ineffective in

supporting quality interactions.”

Through participation in this exhibit the organizations responsible for technology

and facilities recognized the potential impact that they could have on their customers

by collaborating with one another. They have now formed a working committee and

are integrating their efforts. The Future@Work consortium is facilitating these efforts.

7.7 Support cultural and organizational change

During the short life of this exhibit, our efforts have progressively shifted toward

helping organizations understand how they can best employ its ideas and principles.

We are helping them develop phased implementation plans. One of the key issues

these organizations face is fear of the new workplace. People worry about losing their

private workspace and symbols of status without gaining any personal benefit. The

exhibit helps people see that the new workplace can be an attractive, fun place to

work, and their fears are transformed into anticipation.
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7.8 Demonstrate return on investment

An almost universal reaction to the Future@Work is its comfort and warmth. Rarely

do we hear negative comments about the reduction in size of almost every space. This

both validates our message that individual spaces can be downsized in exchange for

more diverse shared spaces, and that good design allows you to shrink real estate

without conveying a sense of loss to the user.

This effect was so compelling for one international law firm that they requested an

analysis of a planned additional real estate investment to expand their office space.

Our analysis showed that by reconfiguring their existing office space, they could

simultaneously create a more pleasant, more functional environment, while eliminat-

ing their need for increased space. This alternative saved them a lot of money; recon-

figuration costs were estimated to be $1.5 million while the cost of additional space

was close to $5 million.

8 Conclusion

We have seen some consistent messages emerging from the many visitors to the ex-

hibit. First, the power of an experience is much more compelling than a drawing,

book, or conversation. Many people had heard or read about these ideas. But a com-

mon statement was, “Unless I had come here and experienced it, I could not have

imagined how exciting it could be.”

None of the collaborative partners anticipated how strong the interest would be in

the concepts represented in the exhibit. Despite many individual differences, organi-

zation have reacted similarly, wanting to embrace and implement these concepts. The
challenge for the consortium has shifted from communicating the concepts to provid-

ing a map or bridge that can help organizations make these transitions. As a result

members of the consortium are now involved at a variety of levels in providing con-

sulting support to companies who have determined that they should rethink their

workplace strategies.
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Abstract. This paper combines work practice research (CSCW) and architec-

tural design & planning for discussing cooperation-support. A specific vocabu-

lary for talking about cooperation is introduced: transformation layer, interme-

diate space, vista and social transverse. It is used for analyzing people’s needs

for places and boundaries on the one hand, for boundary crossings and the

adaptability of spaces to temporary and unforeseen uses on the other hand. We

illustrate our approach by a system prototype-in-design, based on the metaphor

of ‘Wunderkammer’, a 3D multimedia environment for assembling inspira-

tional objects.

Keywords. CSCW research, architectural planning, social use, spatial qualities,
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1 Introduction

The idea of ‘cooperative buildings’ can be approached from different angles and on

different levels. The purpose of this paper is to explore the boundaries between work

practice research and architecture, with the objective of designing spaces for coopera-

tive activities in mind. The language of space has been developed within different

domains, mostly within architectural design, urban planning, and, more recently, by

scholars of cultural studies and social geography. It has been connected to themes

dealing with power, knowledge, gender, and social practice (e.g. Gregory, 1994; Har-

vey, 1990; Probyn, 1991). While the language of space is highly developed, there has

been comparatively little research on social use in relation to space. Here we think

that work practice research (Blomberg et al., 1993; Jordan, 1995) offers a vocabulary

for talking about social use from a CSCW perspective.

We will unfold our arguments in two steps. We will
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− examine the relationships between the qualities of designed and built spaces and

the activities and events that take place in them, seeking to find out how particular

qualities of social use can be supported through the design of appropriate places

and spaces,

− discuss an example of cooperative work spaces - the design of an electronic 3D

multimedia environment for assembling ‘inspirational’ objects, contexts and meta-

phors.

Our paper is ‘grounded’ in different kinds of practice. Our main source is extensive

field work on architectural design and planning. We look at the work of architects as
socially organized, embedded in context, with a strong focus on experimentation, and

at design practice as open, flexible and informal (Lainer & Wagner, 1997). In addi-

tion, we draw upon material from field work of how people use electronic work envi-

ronments, among them nurses (Wagner, 1995), radiologists (Tellioglu & Wag-

ner,1996), and teleworkers (Kompast & Wagner, forthcoming). Interlinking these two

sources of experience and analysis also allows us to build and explore connections

between the design of built spaces and the design of networked computer systems.

2 Conceptualizing Social Use in Relation to Space

Conceptualizing ‘social use’ in ways that are relevant to both, architects and system

designers, means amongst other things to extend the possibilities of translating desir-

able qualities of use (as identified in ethnographic studies of work) into spatial quali-

ties. Although a central planning requirement within architecture, social use is an

almost peripheral category, and often ultimately reduced to function. The notion of

function is based on specific cultural codes concerning the distribution and regulation

of human activities and social relationships. Social use or use-as event emphasize the

changing, evolving, temporary and sometimes performance-like character of activities

(in contrast to the more stable, recurrent, and univocally located nature of other ac-

tivities). This is resonant with Tschumi’s idea of “architecture not as an object (or

work, in structuralist terms), but as an ‘interaction of space and events’” (1981, in

Nesbitt 1996, p. 159).

CSCW research has identified several characteristics of cooperative work, amongst

them:

− Regions and connections: Crucial aspects of work spaces are their connectedness

and zoning. A place may be directly connected to others, or by people’s migrations

and transitions between them (or established as an enclosed site). It may be subdi-

vided into areas that have been designated to specific persons and activities, con-

tain more ‘private’ and more ‘public’ spaces. This is partially captured by the term

‘regionalization’, which refers to the internal physical, social or organizational

boundaries of a specific place. Creating (spatial) regions allows to accentuate, so-

lidify, and create differences of work practices and knowledge’s, of culture and

identity. While supporting existing power structures and dependencies, regionali-

zation can also be seen as an attempt at protecting special locations and the vision
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they provide from powerful, potentially overriding views and interests (Clement &

Wagner, 1994).

 
 QUALITIES OF USE  SPATIAL QUALITIES  DESIGN APPROACHES

− Connections − connections and their

quality (e.g. easy to

establish or remove,

multisensual, recipro-

cal, simultaneous)

− intimacy, closeness,

embeddedness

− regions & hierarchy

− Transformation layers as

mediating between spaces

(e.g. inside/outside)

− Place (as regionalized,

bounded and specific) versus

space (as an interweaving of

infrastructures)

− Open to evolving &

changing uses or

events

− neutrality

− flexibility & variabil-

ity

− functional indetermi-

nacy

− Intermediate(uncoded or
weakly coded) spaces

− Awareness (of people,

events, context, etc.)

− specificity

− visual (auditory)

relations

− Vista and social transverse as

supporting peripheral aware-

ness of people, events and

context

Table 1. Relating qualities of social use to spatial qualities

− Open to evolving and changing uses and events: Addressing design from within

the program of ethnographic research means to look at work as being strongly con-

nected to a ‘context’ and to be interested in the details of how social practice is

constituted ‘in the doing’ by practitioners. This perspective confirms and radical-

izes our notion of ‘use as event’. It draws attention to a dimension of people’s

work, in which they actively, flexibly and reflexively re-form, reorient and recom-

bine their actions to fit the exigencies of the work as it unfolds. On the level of

method this corresponds to a notion of design as ‘bricolage’. With respect to sys-

tems design bricolage is a metaphor for handling openness and indeterminacy, for

“using ready-at-hand materials, combinations of already existing pieces of technol-

ogy - hardware, software and facilities (e.g. Internet providers) - as well as addi-

tional, mostly ‘off-the shelf’ ones” (Wagner et al., 1997). For architectural design

and planning it means to use ‘innovative combinations’ of forms and materials for

augmenting designers’ capabilities of combining and ‘contradictory combining’, of

discovering and inventing, of creating confrontation and harmony.

− Awareness of events, people and context: All work is strongly connected to a con-

text - of documents and objects, of people, of an ‘ecology’ of organizations and in-

stitutions, of an organizational history and memory. The work is shared among

people who move in and out of proximity, are more and less continuously inter-

twined with one’s work, are harder or easier to reach through different media, are

always or alternately recipients or providers of one’s work. This also involves the
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linking of very heterogeneous materials in different media, and strong interlinkages

between physical (e.g. paper-based) and electronic materials. What is needed is

therefore not a simple extension of the physical space so that all the actors are al-

ways present during all the stages of the design process, but a flexibilization of this

space.

2.1 Regions and connections to other places

The need for regions and connections, for places and spaces, can be grounded in a

variety of case studies.
The case of a radiology department (Fig. 1) illustrates the spatial ‘bounding’ of coop-

erative relationships (Tellioglu & Wagner, 1996). The department’s physical space is a

rectangular area with the diagnosing and reporting room occupying a privileged space

in the center. It ‘contains’ what is considered the highest ranking expertise within radi-

ology, the ability to construct a medical judgment. Close to this area is an open space

where radiographers process and distribute the images. They frequently move between

this central computer unit and the machine space in which the images are produced.

This machine space which houses the different imaging machinery is divided into a se-

ries of small rooms which are laid out around the core. When we look at the additional

connections created by PACS (the image processing system), HIS (the Hospital Infor-

mation System), and RIS (the Radiology Information System), these are partial, re-

flecting (rather than opening up) professional boundaries. Electronic connections be-

tween the radiology department and the clinical areas are only one way, and this in both

directions. All requests for images are made by clinicians, and radiologists have little

influence on the timing, the number and the nature of these requests. On the other hand,

radiologists do not share their images with clinicians unless being explicitly asked to.
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Fig. 1. Spatial bounding

Here spatial separation and a lack of connectivity make the formation of multi-

disciplinary dialogue around the production of radiological images and reports diffi-

cult. This leads to a more general point, which is connected to a feminist notion of

place. While being ‘homed’ in a place provides people with a particular kind of

agency (including the power to write their own narrative, respectively to ‘dictate’ the

stories of others), having to act from another place may restrict this ability.
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The case of a small local office of landscape designers which is part of a large interna-

tional company illustrates this point (Shapiro et al., 1997). Lotus Notes was set up by

the company’s marketing and quality assurance department as a shared electronic space

for documenting and reporting. The central office’s notion of how to design such a

space did not include the possibility to define ‘regions’, and hence to reserve some in-

formation for use on the local level only. Also, as data replication was done centrally,

people on the local level could never be sure about the status of their own data, if e.g.

someone else had changed or removed some locally relevant information (Wagner &

Tellioglu, 1997).

In this electronic space local ‘authors’ can no longer write and control their own

scripts and heterogeneity cannot be made visible.
This discussion also suggests to distinguish between place and space. While place

focuses on the groundedness of what and how it is done in a particular context of

people, environment, history, etc., emphasizing the specific contextuality, situated-
ness of social action and the needs for boundaries, space contains and structures ac-

tivities in ways that are embedded in and interwoven with other parts of the environ-

ment. From this perspective space can be seen as an interweaving of infrastructures
(Star & Ruhleder, 1996).

The Lotus Notes example also shows that, instead of ‘de-regionalizing’ space, it

may be more adequate to create or preserve local places while at the same time pro-

viding connections. The physical connections between places and spaces can be of a

very different quality and nature. They might take the form of fluent transitions be-

tween inside and outside (including the possibility to e.g. convert an inside space into

an outside space), or of direct and fast access to places. One can also be connected on

a more symbolic level, with the design of a place reflecting other places.

We are interested in connections that “escape or subvert standardization, that are

between the categories, yet in relationship with them” (Star 1991, p. 39). These kinds

of connections might be created by inventing new and alternative kinds of connec-

tions or ‘innovative combinations’ of existing ones.
An example of this kind of connections is

the skin of a building-in-development, the

Cinema Center, consisting of a spatial stack

of containers. These volumes are wrapped

up in an intermediate space, which is

bounded by a translucent skin. During the

day the building transforms its appearance,

shimmering hermetically in the morning,

partially reflecting its surroundings. The

changing light produces an almost imper-

ceptible metamorphosis. The arrangement

supports the configuring of ‘cinematic

images’ - light interventions of different

kinds. Projections (e.g. of movie titles) can

be used, or light images which change the building’s skin. When it gets dark, the lighting of the

building’s inner space creates a festive character, the façade turns into a veil delicately hiding

people and movements.

A building's multiple façades can be seen as a 'transformation layer' which medi-

ates between interior and exterior spaces, and this in different ways. The ‘skin’ facili-

Fig. 2. Transformation layers
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tates changing relationships between inside and outside. The building can communi-

cate its contents. Depending on the daylight, these connections are one-way or recip-
rocal. Their specific quality derives from their degree of transparency, opaqueness

and compactness.

2.2 Open to evolving and changing uses and events

This openness can be achieved in different ways. One is connected to the distinction

between neutrality and specificity. A place can be designed in ways that are relatively

neutral with respect to the activities for which it provides a space, without being dis-

ruptive of conventional connotations; or it can be specifically expressive, communi-

cating particular notions of community, life style, particular times, artifacts and

places.

Within architectural discourse, openness to varying

social uses is also connected to the traditional distinc-
tion between flexibility and variability as generic

properties of a design. Flexibility connotes the possi-
bility of relatively simple changes to a design so as to

adapt it to different or shifting social uses (e.g. move-

able walls). Variability means that a designed space or

artifact, without elaborate transformations, can ac-

commodate a variety of functions (e.g. a container,

which can be filled in).

The ‘Health Centre’ project is an example of a neu-

tral’grid’ which can be adapted to different social uses

(from different types of medical examination and

therapy to office space and temporary lodging) by

combining and eliminating and spatial elements.

An approach to accommodating to the evolving and changing nature of social use
is the concept of intermediate (uncoded) space. It is this quality of being located ‘be-

tween’ more univocally coded spaces for distinct uses (or functions), which makes

such spaces open for multiple interpretations and uses.
An intermediate space may reflect the surrounding spaces, or paraphrase them in a

way that suspends clear categorizations. These are spaces which facilitate the joining

of not only multiple meanings, but of multiple forms and formats, of coded and un-

coded notions of space and social use, inviting people to practice their own defini-

tions. They may be used as a transitory space, a niche for peripheral activities or some

temporary concern; provide boundaries, thresholds, openings and transitions. Within a

school building, for example, spaces are narrowly coded. This is reflected in a dense

regulatory framework, which fixes many parameters (e.g. defining the prototypal
classroom). Here designing intermediate spaces opens up opportunities for ‘parasitic

appropriations’, such as spontaneously organized activities, interdisciplinary events

and other boundary crossings.

Fig. 3. Neutral structure -

flexible uses
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A related approach is Bernard

Tschumi’s notion of „spaces of move-
ment corridors, staircases, ramps, pas-

sages, thresholds … . Bodies not only

move in but generate spaces produced by

and through the movements“ (1980, in

Nesbitt 1996, p. 154). These spaces of

movement are both, defined by their

‘obvious’ function as spaces for moving

in between (rooms, floors, inside & out-

side), and therefore intermediate (even-

tually inviting to sit down and chat, be-

ing converted into a temporary place for

eating, reading, storing, etc.).
Central to the design of the Cinema

Center are spaces of movement which

can be looked at as intermediate spaces,

providing opportunities for spontaneous

encounters and temporary installations. Protected niches alternate with open, ‘public’

spaces.

Openness may also be achieved through a combination of spatial specificity and

functional indeterminacy.
The Embassy Project exemplifies this approach.

The object has been conceptualized as an open

system of volumes and voids, which form a set

of fixed spatial elements. Openness is created by

the interplay between spatial configuration and

functional program and the ambiguity of their

relation. It is not so clear where specific func-

tions could or should be ’placed’ and activities

be located. The design forms a container which,

although not neutral, can be filled in, is open to

a variety of possible uses.

The allocation of functions or uses is malleable,

they are fitted into the spatial configuration.

While some of them find ample space, others

might have to be squeezed in, overlap, extend

into neighbouring spaces, thereby creating

’natural’ connections or meeting ’fixed’ bounda-

ries. This not only allows to suspend or trans-

gress the usual hierarchy of functions and

rooms. Also, the boundaries between interior

and exterior space are designed as permeable

and fluent.

Variability of use of intermediate spaces can be achieved by providing different

kinds of implantations. These are objects or devices, which support the customizing

of a space to changing uses.

Fig. 4. Intermediate spaces

Fig. 5. Functional indeterminacy
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Implantations may take the

form of special equipment or fur-
niture needed to carry out specific

activities. They may be used for

creating spatial partitions or for

imprinting specifically expressive

codes.
Implantations in the ‘Embassy

Project’ consist of a set of elements

for creating vertical and horizontal

connections and transitions, such as

intermediate horizontal partitionings,

ramps, ladders. While the positions of

some of these elements might be

already fixed (e.g. where people can

stand outside they also should be able

to move inside), others can be held

open and adjusted to variable social

uses.

2.3 Awareness

Awareness of people, events, and context is another particular quality of use to be

accounted for in the design of space. Context is closely related to our notion of speci-

ficity. A space can be designed to reflect important aspects of context, such as the

surrounding environment, the history, the particular activities that take place in it, etc.

Here we seek to specify context in relation to a notion of ‘awareness’.

Being co-located enables people to create and maintain the kind of ‘peripheral

awareness’ which within CSCW research has been identified as a crucial element of

cooperative work. People often take an active part in supporting mutual awareness by

making aspects of their activities visible.
The architectural correlate of this is an exhibition space – a dedicated area (such as

a wall, a whole room) which invites and allows the display of events and objects. A
special feature of architects’ own work environment is its use as exhibition space. The

walls are decorated with visualizations from previous and current work – models,

sketches, plans, texts, pictures, (photorealistic) computer images. This way of making

work visible reminds of ideas to be pursued or further developed, of tasks to accom-

plish, of standards, etc. It also is an important vehicle for peripheral participation in a
project, allowing visitors to enter its context. Conversations are opened up, designers

are forced to explain to continuously changing interactors. They can create and com-
municate their identity without closing it too much. (Wagner et al., 1997).

                Fig. 6. Implantations
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The ‘Developing Wall’ (Project ‘Austria

Email’) has been conceived as a changeable exhi-

bition space. Central to it is its ‘incompleteness’. It

can be used for communicating different contents,

from an art collection to exhibits of the company’s

products. It may serve as an open research lab or

studio, provide space for relaxation.

Awareness of the context of people and

events can also be achieved and maintained

through visual relations. Visual relations can take different forms and qualities. They

can be direct and close, allowing ongoing intimate contact between people who are
co-located. Her we refer to the notion of vistas, views of or points of reference to

other (distant) places. This is a major concern in urban planning.
A design approach (which was explored within

several urban planning projects, among them the

project ‘Altes Flugfeld Aspern’) is to start out

from the notion of a layered landscape or ur-

banscape, rather than an already structured con-

glomerate of buildings and façades. This requires

to take account of what is already there - build-

ings, streets, highways, a river (or memories of

them). Taking these as a starting point, a set of

visual relations (represented by lines - what to see

from where) is defined. The idea here is to create

vistas and openings from different places to par-

ticular points or places outside (and a particular

silhouette seen from a distance). From these visual

relations and solid lines a ‘grid’ is constructed - a

‘relational field’ of a specific quality (e.g. dense,

labyrinthine). This grid can be filled with places of different qualities. Also here the idea is to

emphasize volumes rather than objects, distinguishing enclosed areas from free (not enclosed

but connected) areas and empty spaces.

Related to this is the notion of social transverse, a line along which (social) life

visibly takes place, with people moving, eating out, gathering, shopping, etc. Social

uses and events are clustered and distributed along this transverse. They happen

within sight of each other, are located within a short walking distance, etc. Although
independent of each other they are spatially (and visually) connected.

In the EuraLille project Rem Koolhaas (1994) describes a similar approach. Here

architectural islands of high density are placed within stretches of emptiness, land-

scape, or space. Zones filled with massive buildings alternate with large areas of ‘ur-

ban void’.

3 Merging the Perspectives of Architecture and Systems Design

Some of our ideas of how to support work that is socially organized, embedded in

context, flexible, and informal are currently explored and further developed within the

Fig. 7. The ’Developing Wall’

Fig. 8. Constructing a relational field
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framework of several architectural and systems design projects in support of archi-

tectural practice.

Some of this work is based on the metaphor of ‘Wunderkammer’, a 3D multimedia

environment for assembling ‘inspirational’ objects, contexts and metaphors. ‘Die
Wunderkammer’ is not an archiving system but a place for discoveries. Its main pur-

pose is to help preserve and tap the kinds of uncoded and tacit knowledge that is not

always easily remembered but may help to better grasp a concept and/or to externalize

images that are still difficult to express, and to share them with others (Lainer &

Wagner, 1997).

The interface of ‘Die Wunderkammer’ will be an urbanscape (or landscape), where

serendipitous encounters can take place and can be captured as inputs to design. Apart

from its practical purpose to widen access to ‘inspirational resources’, we see ‘Die

Wunderkammer’ as an opportunity for further exploring and testing the relationships

between spatial qualities and qualities of social use.
As a metaphor guiding the design of electronic spaces, urban space stands for the

possibility of providing intuitive access to heterogeneous resources. An urban space

offers a mixture of place and space, specificity and neutrality. While some of the

places we find there will be relatively neutral and therefore open to a variety of im-

plantations, others will have specific qualities. The interface of our first prototype

consists of places of different qualities, appearance and attractivity. Some of these

places represent archetypal images of large cities or of areas within them (the urban

sprawl, apartment blocks from the 70’s, etc.), others places of rest and contemplation

(gardens and forests), again others are diffuse, hazy, changeable, thereby potentially

blurring, skewing or twisting the images that have been deposited (e.g. water places).

Some spaces have this intermediate quality, escaping categorization. Their attractivity
derives from being situated ‘in-between’ or close to a specific place (but not identical

with it).

Fig. 9. Die Wunderkammer - places & spaces
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Places of high density alternate with voids (placelessness) and spaces of movement

(e.g. a highway). Some places will be more ‘communicative’ than others, more open
or closed (e.g. easier to access,

protected).

A way of maintaining this

space open to evolving and

changing uses is to experiment

with weak forms of indexing.

Here we try to find a solution to

the problem that current archiving

techniques are insufficient. They

require structures that are not

dynamic. Archiving happens in a

frozen form. In ‘Die Wunder-
kammer’ indexing will be done by

‘placing’ and objects will assume

the qualities of the places in which

they have been stored. Indexing

items by ‘placing’ means to take

advantage of the specificity and

ambiguity of place and of the ‘in-
between’ qualities of intermediate
spaces.

We think of providing different

modes of access. While sightseers
will look for global landmarks

(which are historically defined

and can be easily identified by an

experienced traveler), archeolo-

gists will have an interest in the more local (and eventually less ‘telling’ less obvi-

ously ‘communicative’) places. They will start digging deeper, revealing different
layers, unexpected objects or fragments of objects. The flaneur takes in images and

information wherever they happen to capture his/her imagination, engaging in ‘en

passant’ conversation, collecting items, taking pictures.

Also, different modes of movement in this 3D-environment will be explored. One

of the metaphors with which we describe modes of access to this space is the train

ride. It stands for a flow of random, transient impressions that pass by, also for the
unconcentrated look of the (tired) traveler whose gaze his caught by an image. When

you approach (because e.g. a glimpse of something attracts you or you feel like

‘landing’ in a particular place), the images become more clearly visible.

4 Conclusions

In our paper we use some central insights of CSCW research into cooperative work

for looking at places and spaces in a different way. As part of this we introduce a

Fig. 10. Inspirational objects
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specific vocabulary for talking about cooperation in architectural terms: transforma-

tion layer, intermediate space, vista and social transverse. Although these notions are

drawn from and illustrated by different design projects, we conceive of them as for-

mative on a conceptual level rather than as formally designed objects.
Many objects (as part of built spaces) can be looked at and used as transformation

layers. Crucial is the idea of providing (spatial) connections of variable quality that
mediate between people and the places they inhabit. Similarly, the notion of interme-
diate space stresses the adaptability of spaces to temporary or unforeseen uses. Vista
and social transverse denote the need for maintaining peripheral awareness of people,

events and context, and for enabling casual encounters. Supporting cooperative prac-

tice, we argue, simultaneously requires to respect people’s need for places and
boundaries and to enable boundary crossings and adaptations.

Social use is conceptualized as contextual (and as therefore requiring awareness

and connections), and ‘situated’ (something which may change temporarily or evolve
in time). Looking at use-as-event helps expand the usability and actual uses of space

(without necessarily disrupting habitual ways of thinking, archiving, inhabiting, or

connecting).

Although such an approach does not offer a specific solution to how to design ‘co-
operative buildings’, it has some important methodological implications. We propose
to think of architectural design as creating spaces in waiting (Räume in Erwartung)

for different and evolving social uses to be filled in. This requires to build opnenness

into the design process itself.

At the core of this ‘open planning’ approach is

an idea of decision-making as allowing for shifts

between prescription and description, in an artful

and fluid manner. We refer to this as 'meander-

ing' which means that it should be possible to go

back to an earlier stage of a project, mobilizing

images, associations and solutions that ‘lay in
waiting’. This may not only require to maintain

things at different stages of incompletion. 'Me-

andering' asks for a conceptual shift from work-

ing with ‘fixed elements’ or solutions to working

with ‘place-holders’ and to look at specifications

as partial and preliminary. It puts emphasis on the dynamic of opening and expanding,
fixing and constraining, re-opening, etc. (Lainer et al., 1997)

Another element of this approach is to engage in richer and more open forms of

communication. Open planning needs to work with ‘rich narratives’, design repre-

sentations that narrate and evoke imaginations (rather than prescribe), communicate

‘qualities’, and present a ‘solution space’ (rather than a set of fixed solutions).

With this combinatory approach of an ‘open planning’ methodology with a differ-
ent way of looking at the qualities of designed and built spaces we try to accommo-

date design practice to the (variable) needs of cooperative ensembles. ‘Spaces in

waiting’ from this perspective reflect the need of people to find a place for and to

experiment with open and evolving forms of use.

Fig.11. Oscillating between ’fixed’

and ’open’
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Abstract. As far as quality of work environment is concerned, working space

(in terms of floor surface) appears to be an important measure. This relates to:

restrictions of mobility, violation of privacy, injury hazards, escape routes and

flexibility. The Dutch work environment legislation refers to the application of

a national standard. Some Dutch companies use flexible work organization

models, where workstation sizes do not meet the requirements in the standard

(sometimes 40 % below the required minimum). In 1997 the Labour Inspector-

ate decided to allow previously selected organizations (about five to ten) to test

their concepts in practice. A contract underlines a mutual agreement, inwhich

conditions are stated about magnitude, duration, reversability and employees’

participation. The Labour Inspectorate demands, however, that these organiza-

tions conduct research on usability and work environment issues. This proce-

dure enables companies to innovate in office layout models, while the authori-

ties have the opportunity to adapt the current standards to future experiences.

Keywords. flexible work, organization models, law enforcement, ergonomics,

standards, requirement, Labour Inspectorate, human factors

1 Introduction

As far as quality of work environment is concerned, working space (in terms of floor

surface) appears to be an important measure. This relates to: restrictions of mobility,

violation of privacy, injury hazards, escape routes and flexibility. A small worksta-

tion, (from an ergonomics point of view) does not have to be a problem on itself.

Health hazards more likely occur as a consequence of factors deriving from restricted

workstation sizes. For example climate, ventilation, lighting and daylight conditions.
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2 Legislation

The relevant legislation in the Netherlands, the Work Environment Decree, prescribes

the requirements only in general wordings: sizes and air volume of workstations need

to guarantee a safe and health environment and appropriate mobility. The legislation

refers to the application of a Dutch standard. By definition a basic workstation - is a

workstation that consists of an office chair and table, a mobile pedestal, a VDU-work

layout and a filing cabinet. The standard indicates that a basic workstation requires

8 m
2
 of floor surface. An additional m

2
 should be available for the entrance of any

office area.

Thus an office area for one employee is at least 9 m
2
. Two employees: 17 m

2
.

Three employees: 25 m
2
, etecetera. In case any extra furniture is needed, for example

a filing cabinet or a desk for consultancy, a fixed number of square metres will be

added to obtain the required minimum size area. The sizes are valid in any office area

where VDU-work takes place. To apply the standard, the workstations generally have

to be in use for at least two hours a day or once a week an entire day.

The difference between law and standard is very important. In this case the legisla-

tion refers to the application of  a standard. If an office area comforms to that

particular standard, it ensures that the legal requirements for workstation size are met.
On the other hand, the law does not necessarily require comformity to that standard.

In this case, however, the employer is obliged to demonstrate that ergonomic

principles are appropriately taken into account.

3 Flexible Work Organization Models

Inspired by Scandinavian combi concepts developed in the eighties, some Dutch

companies (for example: banks, insurance companies and public services) use flexible

work organization models. The main features of these models are:

• collective facilities for the benefit of communication and support

• seperate small-scale office units, where workrooms are situated around a central

concourse

• individual workrooms permitting concentrated work

• collective workrooms for two or more employees

In these models, employees do not have fixed workstations. They are able to

decide each (part of the) day, to work alone or with one or more collegues in the same

office area. From a facility management point of view, the total capacity of the office

building may be lower than in a traditional concept with fixed workstations. In this

way companies manage to increase the average effective occupation rate, reducing the
accommodation expenses. In practice workstation sizes in some of those organization

models do not meet the requirements in the previously mentioned standard (some-

times 40 % below the required minimum). But should this be a sound reason to

disapprove these flexible work organization models?
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4 Law Enforcement

The Labour Inspectorate, in charge of law enforcement of work environment legisla-

tion, is generally engaged in a rather late stage of redesign processes. As a conse-

quence, decisions of the Labour Inspectorate may have a gross impact on the building

process in particular cases as well as on a national scale. The widespread use, nowa-

days, of flexible work organization models enforced the Labour Inspectorate to de-

velop a policy regards these companies. In short, the policy implied that previously

selected organizations (about five to ten) were enabled to test their concepts in prac-

tice. In other words: flexible work organization models got the benefit of the doubt to

prove that they result in a situation, which guarantees equal quality in terms of satis-

faction and usability, compared with traditional concepts where work environment

standards have been implemented. Above all, the standard is based on traditional,

fixed workstations.

For such an experiment an agreement has to be made with the company concerned.

In that case both the Labour Inspectorate and the company need to agree on:

• magnitude of the experiment

• duration of the experiment

• reversability

• employees’ participation

Above all, the Labour Inspectorate demands that these organizations conduct re-

search on usability and work environment issues, especially focused on three catego-

ries.

1.� satisfaction/complaints

• complaints of back- and headaches

• complaints of pain in upper extremities and neck

• satisfaction of information technology

• satisfaction of filing opportunities

• appreciation of privacy

2.� usability

• occupation rate of office area

• occupation rate of single workrooms

• productivity

3.� workstation layout

• quality workstation layout

• climate
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• daylight

• noise

• hygiene

This procedure enables companies to continue with their innovation process. On

the other hand, the involvement of the Labour Inspectorate offers the opportunity to

evaluate success and failure factors of flexible work organization models. In this way,

authorities like the Labour Inspectorate, have the opportunity to adapt the current

standards to future experiences. And that, of course, will be in favor of the develop-

ment of future work environment policy.
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Abstract.  Flexible societies require flexible environments. Due to economical,

ecological and social reasons it can be more efficient taking advantage of exist-

ing architecture rather than creating new buildings.

A Web based information system is proposed which can support the distri-

bution of information for ‘temporal available space’ for providers and users.

Potential providers are able to store their space information via Internet. While

users can request information about required locations.

Examinations made in an eastern Berlin district have shown that informa-

tion based management for space and time is improving the efficiency of using

existing environment. Furthermore schools, garages, shops and unused facilities

can become attractive locations for social events.

Keywords. spatio-temporal management, reusing existing environment, density

of usage, social events, hotelling, pool for rooms and buildings, electronic in-

formation system, World Wide Web, flexible workplace management

1 Motivation

The flexibilization and pluralization of today’s society and working structures also

requires dynamic occupation and usage of rooms, buildings and facilities. Hence

existing space has to be available for multiple purposes and different users. In middle

Europe most urban structures like factories, office buildings, shops or public institu-

tions are only temporarily used. Statistically, the amount of newly constructed space

for every German citizen is 150 m
3
 in comparison to 10 m

3
 at the beginning of the

industrialization. As Moewes (1995) pointed out, this has led into a more extensive

utilization of built environment. An alternative for planning and constructing more

buildings should be opening up this unused space. The generation grown up after the

second world war remembers using the few not destroyed schools in time shifts. Ad-
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ditionally using and reusing already existing space is more ecological and economi-

cal. Beyond these rational reasons: by using and visiting a larger variety of buildings

and sites it opens the chance to learn more about one’s city. Especially in centers of

urban areas, most of the buildings are occupied by anonymous functions. Making

space available for other purposes which presently is mostly unused and inaccessible

would allow the citizens to identify with their city (Fig. 1). This is also demanding a

new way of organizing spatio-temporal requirements. It would also enhance the live-

liness and social density of the city for a longer time of the day and week.

Fig. 1. Discovering existing resources by organizing space in time.
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2 Managing Space and Time

An example for existing spatio-temporal management is the "Bleyenburg", the former

"Algemeen Rijksarchief" in The Hague, Netherlands. As Teunissen (1997) described,

nowadays the building provides on-demand workplaces for civil servants. Beyond the

concept of "hotelling", as explained by Jaunzens (1997), the building does not offer

complete workplaces but a basically unrestricted supply of components at cost. By

these elements (space, technology, furniture and services) the users create their own

surroundings for work. With an average occupation time of 60 percent, the price-

conscious user of the "Bleyenburg" has a reliable workplace for the equivalent of 130

DM per week in the center of The Hague at his disposal, which is a real bargain.

Another example of flexible workplace management is "hot-desking", as shown at

Andersen Consulting’s new headquarters in Paris. Jaunzens (1997) describes hot

desking as the time-sharing of a desk, or workstation, between a number of company

employees. Like in many other organizations and institutions Andersen’s employees

were found to be spending much of their work time at their clients sites while their in-

house offices were unused for most of the time. It now offers a limited but sufficient

capacity of on-demand offices. Personal documents of the employees are stored in

special containers, which are moved to the appropriate offices if necessary.

These two examples of flexible space-and-time-management is the common way

of applying it. It can only be of advantage to a special group of users. But this princi-
ple can and should also be transferred for the benefit of a more general clientele (Fig.

1). It can be adapted to many types of buildings which are only used on temporary

basis like offices or public facilities.

Fig. 2. DOUs of five different types of buildings.
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One of the conditions for such an adaptation is the temporal analysis of the site.

The DOU (density of utilization) for a building can be described as a function in
time where the value of zero means the room is unused and the value of one means it

is completely occupied. The density, which represents the utilization of space is speci-

fied as a percentage of the maximum exploitation. Hence the DOU is the unit of

measurement for the utilization of an area at a corresponding time.

Fig. 2 shows the DOU of a kindergarten, a bureau, a store, a workshop like a ga-

rage compared to the DOU of a restaurant. The DOU is represented by different gray

tones. The darker the gray tone, the more intensive the utilization. The white areas

represent the temporal fallow of each building. The weekdays Monday to Friday are

summarized in one field to make the graphics clearer.

Fig. 3. DOUs at Warschauer Platz in Berlin Friedrichshain.
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The authors were exploring and analyzing a region in Friedrichshain, eastern Ber-

lin with a typical urban environment of residential and commercial areas together
with the site of the former NARVA Company which used to produce incandescent

lamps from 1909 to 1995. Today the buildings are changed into an office mono-

structure. In their study Habermann/Joeckle/Schneiders (1997) have disclosed the

temporal fallow of the area and the possibilities of additional use (Fig. 3).

The strategies of spatio-temporal management include considerations on sociologi-

cal aspects of possible usage, specific user-groups and their changing needs as well as

organizational and legal considerations of conceivable developers and forms of de-

velopment, problems of insurance and liability, technical questions of construction

and facilities, as Häußermann/Siebel (1987) have elaborated.

Professional management of space and time requires an analysis and representation

of time-realities of an area. An information system should provide all relevant infor-

mation for interested persons, about what kind of room is available and what addi-
tional use is possible or intended.

3 Getting Information about Available Space

In order to achieve an optimum for the distribution of unused space in urban envi-

ronments the problem of information access has to be solved. Only if both supply and

demand for usable space are sufficient the concept will be feasible. There are simi-

larities to car pool services, which also need a certain level of demand and supply to

succeed.

3.1 Making information accessible for everybody

We are currently experiencing a new era of information distribution and retrieval. For

most people in western societies only small expense and effort is necessary to be able

to get "wired" to the globally accessible Internet. Here everybody can be both author

and consumer for multimedia information.

Together with the "World Wide Web" there is a big variety of standards for data

transmission and storage, accessible from any location which is connected. As Encar-
nação et al. (1996) have shown, there are new tools like JAVA and three-dimensional

graphics offered by VRML which are enhancing the interactivity and functionality of

hyper media.
Strongly related to this there is an important social consequence. For instance in

middle Europe the fraction of people who have access to the Internet are still a mi-

nority of the population. However, a possible polarization of society into the privi-

leged party with access to the global information systems and the underprivileged

with no or little access to these system may arise.

Nevertheless we attempted to use an electronic information system for organizing

space in time. The global trend is that the amount of "wired" households is still

growing tremendously. More importantly, there is no need for private Internet and
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WWW access for everybody if, there are enough public accessible information ki-

osks, like "Internet Cafes".

Fig. 4. Possible user interface for the information database. The users are able to find a con-

venient location by selecting buildings on an active map.

3.2 Information based space and time organization

We propose a, WWW based approach for public access to necessary information,

accessible by both users and providers. The information can be managed by ‘con-

nected’ Internet users running their Web-Browser. In many regions and areas it will

be necessary to enhance electronic information structure by information kiosks to aim
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at as many users as possible. There are numerous public locations in centers of urban

regions and metropolitan areas where people pass by and socialize, such as stations,

cafes, credit institutes, or tourist information kiosks. These are ideal locations for

information systems, which could be used for many purposes.

An information server should cover a region where locations can be reached within

convenient time and distance. Bigger areas could be supported by a net of information
servers. Graphical WWW-interfaces for accessing the database can provide user-

friendly access to the database.

Fig. 5. Detailed information about empty buildings can be accessed. Commercial providers are

able to advertise their business.

The following information have to be stored in the database:
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− Locations
For having a good overview over the area where the buildings are located, clickable

maps will allow easy access. (Fig. 4)

− Size, capacities and facilities
There has to be information about how many people will fit in an offered room or

building and which local facilities could be used. Garages i.e. could sub-rent their tools

and equipment for fees, which allows skilled people to repair their cars after work.

− Schedule of occupation
It is necessary to have an immediate overview at which time and period the offered

buildings are accessible or if they are already occupied by someone else.

− Owner / provider information

− Preconditions and constraints
There has to be some principle information about the offered location. Not every room

is suitable for parties or rehearsal of musicians.

− Using fees or rent

− Space for advertisement
Commercial providers could be able to add advertisement information to the web-

pages. If this could be arranged on a toll-free base it would attract more potential cus-

tomers. (Fig. 5)

3.3 Technical realization

The technical structure of the proposed information system is shown in Fig. 6. The

implementation will be Web based using conventional browsers. The information of

the provided space will be stored in a database which is accessible by a WWW server.
The population of the library has to be realized by a Web interface as well. Initially

this could be attempted manually (by a webmaster) which makes the implementation

easier but does not provide the full flexibility we like to achieve.

Dependent on the offer for empty rooms users will get a visualization of the area

which is shown in Fig. 4. For realizing this functionality we will develop a JAVA

based interface which allows to:

− generate clickable maps with the necessary information dynamically,

− request more detailed information about empty rooms or buildings like shown in

Fig. 5,

− make a reservation for accessible space or get into contact with the providers to

arrange a possible booking.

This interface, implemented as a JAVA applet allows processing in common Web

browsers and provides sufficient freedom for integrating more complex algorithms
and extended functionality to the static HTML resources.
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Fig. 6. Structure of the management system for space and time

4 Conclusion

We have proposed an information resource for managing unused space in already

existing urban areas. This information resource can be used to satisfy demands for

temporary occupied buildings and facilities which can be used in multiple ways. By

analyzing typical urban regions multiple ways can be found for optimizing the usage

of rooms and buildings for various purposes.

Based on the analysis of a real existing environment in Berlin it has been shown

that unused space can be transformed into interesting places. Furthermore areas which

are unknown to most inhabitants of a city can change into lively locations. This turns

them into new points of interest and stimulates social activities.

This concept can be applied to many existing urban surroundings, yielding eco-

nomical and ecological advantages.
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Abstract. Experiences and problems during setting up of actual CSWC -

offering working environments have an important impact on the conception of

Cooperative Buildings. Infrastructure for CSCW working environments must

deal with a set of very inhomogeneous needs, e.g., media and device control,

access control, communication capabilities, cooperation aware software etc. For

reaching an adequate usability of the advanced functionality, especial for no

computer experts, a high integration effort is necessary. The Room Manage-

ment System (RMS) is a generic tool for observing and controlling activities

within a distributed CSCW environment. It groups desktop objects of different

users in one view, thus making available central actions on a group of user

desktop objects. Additionally it controls the access to media and devices by the

different users.

Keywords. room control system, CSCW, user management

1 Motivation

The Conference/Classroom of the Future (CCF) project inside the Ars Electronica

Center in Linz described by Mühlhäuser et al. (1996) aimed at setting up a learning-

and working environment that uses advanced information technology to support co-

operative activities. The CCF-project takes an integrated approach to address aspects

ranging from interior design and infor-

mation technology to software support

and work organization.

Real-world financial and technological

constraints forced the use of existing

components. Many rather ambitious

ideas and approaches have not just

being discussed, they must be imple-

mented and evaluated under real-world

conditions. One important aspect was

the user need of using standard soft-
Fig. 1. CCF in the Ars Electronica Center
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ware, e.g., Office-Suites on MS-Windows platform.

From a technical point of view the implementation of a CSCW (MS-Windows

based) environment under above restrictions results in a very inhomogeneous set of
software and hardware respectively with a lot of work to be done for evaluation to

ensure compatibly.

2 Room Management Considerations

The interior components building a modern conference room offering computational,

communicative and audio/video services form a scenario which is an example for

embedding systems in an environment thus building a platform for studying some

aspects of Weiser’s (1993) idea of “Ubiquitous Computing”.

2.1 Existing systems

Commercial available Room Control Systems, such as ADCOM's (1994) iRoom or

AMX's (1993) AXCESS system allow configuration of (multimedia) hardware com-

ponents offering “matrix-based” user interfaces for connecting and scheduling of

special devices and workplaces. Each row corresponds to a multimedia source device

(eg. Camera, VCR output) and each column to a destination, the visitor view on a

monitor

Copperstock et. al (1995) describes their evolutionary room control design based

on a traditional matrix-based user-interface, the “virtual graphical patchbay” for con-

trolling a working conference room which is equipped to support a broad class of

meetings and media. Additionally integration of sensors with various devices allows
the modeling of a virtual “skilled operator” to drive the room. The virtual operator

supports the user in managing difficult room-management tasks.

Sandusky (1997) discusses the implications on network management as one form
of infrastructure management in CSCW-domains. Lavana et al. (1997) have devel-

oped an internet-based desktop environment with drag-and-drop assembling of con-

figurable execution sequences on data and applications transparently residing on dif-

ferent hosts realizing a workflow environment.

2.2 Devices

The advanced hardware components of the CCF-environment, e.g. electronic white-

boards, ISDN-conferencing, room observing camera, videoserver etc., are controlled

via dedicated software interfaces linked to remote software modules (DLLs) which

control the special processes for CCFs hardware units on its host-computers. Thus

RMS realized the hardware control via accessing remote software modules for the

specialized hardware components like existing Room Control Systems.
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2.3 Group unaware applications

The users interact with the environment via programs running on different computers,

their application scenarios. The design of the CCF controlling mechanisms must con-

sider the dynamic (ex)change of the program palette offered to the users. The control-

ling mechanisms could not base on technical standards used only by a subset from the

available programs.
Principally application sharing technology is a generic way to control and observe

application scenarios on other computers. In the CCF application sharing allows some

aspects of cooperative work on not group aware applications.

Application sharing tools are unable to visualize or control not identical application

scenarios on more than one computer because they only share many visualizations of

one application.

2.4 Group aware applications, “the missing link”

Synchronous working group aware applications, e.g., shared editors and whiteboards

build the center of the CCF functionality. The “missing link” for an adequate usabil-

ity, especially for no-computer-experts, is an instance that is able to start and control

the application scenarios from the different participants. Shared workspaces are im-

plemented within most group aware applications; exiting participants leave the shared

workspace. E.g., the BSCW (Basic Support for Cooperative Work) system provided

by Bently et al. (1995) has to be initialized by starting an internet-browser with the

appropriate address. Without help from a tool an ordinary tutor with a no-computer-

expert profile moderating a lecture in with many participants will waste time to start

the lecture.
At an initial phase of a course taking place in the CCF a tutor should be able to

start the appropriate parameterized application scenario on each client station. During

the course he needs an overview of all the application scenarios of the participants.

For a detailed view of one participant is used either the group aware functionality of

the application scenario or application sharing technology.

Existing room control systems only deal with managing the complex hardware

scenarios of conference rooms. They don’t bridge the gap to manage additionally the

concurrent running complex application scenarios. The granularity of operations of

room control systems is the computer/device level for instance screens (as units for

collaborative working on) are shared or redirected. Similar coarse is the granularity of

collaborative interactions within application sharing tools. The granularity of collabo-

rative objects within group aware applications is much finer. RMS tries to integrate
these objects (devices, shared applications, shared objects) of different levels of

granularity, momentary “enclosed” in encapsulated worlds.
Appelt et al. (1996) describe access rights, member administration within a group

concept as integral part of the BSCW system, this is typical for CSCW applications.
Sidler et al. (1997) more generally extends the model of the WWW to include its

users for enabling many new WWW-based applications. RMS additionally synthe-

sizes member- and computer administration (both organized in groups) and their

access rights and operation possibilities (e.g., offered multimedia facilities by a dedi-
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cated computer) respectively into one workplace concept. Applications within the

application scenarios use this information via software interfaces. Thus RMS inte-
grates user management functionality of typical CSCW systems with task/process

management functionality of an operating system and computer/device management

functionality of traditional room control systems.

2.5 Synonyms

No-computer-experts use the terms “User” and “Computer” often synonymously. In

Cooperative Buildings this set of synonymously used terms will be expand by, e.g.,

furniture. For the end-users it becomes more and more difficult to decide what the

causal chain of observable events is. In the CCF this tendency could be noticed for the

electronic whiteboards that are seamless integrated in the wall. The knowledge that an

electronic whiteboard is a special screen device of an ordinary computer is necessary

to understand some room functionality. A room control system should assist the user

in managing those devices, for instance allowing synonyms for computer, furniture

and devices.

The RMS models its clients, the CCF-objects, as tuples consisting of user, com-

puter and furniture, e.g., a wheeled table at a position within a scenario. A scenario is

a collection of positions. Each element of a CCF-tuple-object can be marked as “un-
known” or “anonymous” respectively. E.g., the (read only) video-wall is modeled as

CCF-object with the “admin” user, or externally, from outside of the CCF, partici-

pating users are modeled as CCF-objects with “unknown” positions. CCF-objects can

be selected via a wide range of synonyms, either

− (name of) user or

− (name of) user group or

− (address of) computer or

− (name of) computer group or

− (name of) table or

− (coordinates of) position respectively.

2.6 Identification

For no-computer-experts the identification of CCF-objects like users and computer

via email- or internet-addresses is problematic. Therefore the different interior objects

of the CCF as the wheeled computer-tables, computers and special devices are col-

ored and additionally labeled with pictograms. Pictures of the users are stored. Visu-

alizing the CCF-objects using icons and pictures improve the usability by no-

computer-experts. The authentication of the users and their access to their personal-

ized data is initiated by their personal chipcards.
An active badge location system as proposed by Want et al. (1992) for users and

(wireless) computers would be the ideal solution for building an user interface syn-

chronously positioning the CCF objects at their appropriate scenario positions. The

chipcard-concept forces the semi-manual configuration of the computers within the
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room scenario. The relation “user-computer” which maintenance is triggered by in-

troducing user chipcards seems sufficient for the relatively small CCF scenario.
A room control system should prevent the user from identifying objects with the

appropriate logical key, it should support the addressing of objects via selection out of

a graphical visualized set of objects.

3 The Room Management System

3.1 Visualization

The RMS visualization arranges the CCF Objects similar to their physical positions.

A scenario is a set of positions. Each position can contain a computer or device re-

spectively. The RMS can switch between different scenarios or can manipulate them.

Thus RMS takes in account, that the CCF wheeled computer-tables can be moved

through the room. Because the moveable devices can’t report their physical place the

match between reality and RMS visualization have to be done manually.

The RMS visualizes the CCF-objects as tupels of computers and users at scenario

locations. The association of computer to a scenario position must be initially config-

Fig. 2. GUI of the RMS
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ured, the association between user and computer is built with the chipcard information

of the computers chipcard-device.
 A user-picture could be grabbed at each table by an optionally installed desktop

camera. “Unknown” positions of external participants are visualized in a separate

window. If the user-picture is unavailable the computer-icon is drawn. If the computer

at a special scenario location is unknown the icon of the appropriate table is drawn.

3.2 Multiple selection

The user interface allows multiple selection of CCF objects; commands selected via

popup-menus are executed on each member of such a selection. Additionally groups

of CCF-objects can be built. On a group or selection of CCF objects actions could be

initialized, e.g., start or stop of a dedicated program (on each selection member). The

program-command-lines are configurable for each client via ASCII-format. Each

command-line is labeled with a unique key and can contain token representing the

actual selection of CCF objects. The available actions on a group of CCF objects are

those with a common key. Additionally constraints optionally validate and modify the

current selection of CCF objects. E.g., a note must contain at least one receiver; the

set automatically is expanded with the sending CCF object. A command-line could be

a sequence of subcommands; thus complete application scenarios involving a group

of users and computers can be centrally initiated. All configured actions can be attrib-

uted with the necessary role the current user must have or computer properties that

have to be enabled. Only actions satisfying the actual role on selections with appro-

priate computers are listed within the dynamically generated popup menus.

One of the regularly used actions is the simultaneous display of html- pages on every

member of the CCF- object- selection thus realizing and controlling a “guided Inter-

net tour”. Thus RMS (together with its awareness indicators) realizes the functionality

Fig. 3. Popup to start a http-page on each of the selected clients
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of a collaborative browser, e.g., as proposed by Sidler (1997) with the CoBrowse-

project.

The process states of a group of CCF objects can be observed. The process-states

are kept for the applications and their associated windows. The process-state of a
group of CCF Objects is implemented as matching process-states of the group mem-

bers. A (group-) process-state is visualized as a popup-menu, containing running

processes and associated windows. This menu expands each process with a start/stop

submenu and each window with a submenu of commands like “to foreground, maxi-

mize, iconize, close …”. Constraints formulate the maximal number of instances one

application can have. Patterns for applications and windows that should be observable

can be configured.

3.3 Awareness

The workplaces are labeled with icons visualizing the state of the appropriate RMS

client. A RMS object is a tuple of a computer (and its position) with the user logged

Fig. 4. Modifying common windows on selected clients
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in. The state of a client-computer as one member of a CCF-object has the range of

{“Computer turned off”, “Computer running without RMS Client”, “RMS client

running”, “This computer”}. Additionally the RMS updates in regularly intervals of

time the user pictures realizing a kind of “Lightweight Conferencing” as described by

Sidler (1997). All RMS-model changes are broadcast to the other clients. Duncan et
al. (1995) discuss information about the connectivity, presence, focus, and activity in

an environment that is part virtual and part real. They exploit the use of media to

provide assurances; graphics can, in part, convey presence while audio can, in part,

convey activity. Similar RMS exploits the information about introduced chipcards,

client process states etc. for generating awareness information.

3.4 Application sharing

The application-sharing tool used in the CCF is Microsoft’s (1997) –NetMeeting, also

containing other generic CSCW tools as Chat and a collaborative Whiteboard. Like

other similar tools the management of the sharing participants is delegated to all cli-

ents. During lectures taking place in the CCF we made the experience that using

multi-point-application sharing often results in time-wasting coordination tasks for

resolving conflicts or even explain the current software- behavior. We noticed that no-

computer-experts that have difficulties to understand what application- sharing really

does are not able to manage their client for taking part in an application-sharing ses-

sion. With RMS a tutor is able for setting up a group of application -sharing partici-

actual place
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scenario

computer-

table

computer

name

user

name

processes

and

windows on

this computer

user picture

if available

selected

role

groups

NetMeeting
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Fig. 5. RMS detailed client
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pants through one central action. RMS synchronizes its information about the CCF-

objects (users and their associated computers) with the NetMeeting-repository. The

repeatedly needed task for resetting an application sharing session is centrally man-

aged by RMS.

3.5 Device control

RMS remotely makes available the control of dedicated devices. E.g., the movement

of the room-observing camera is controllable via a serial port on a dedicated com-

puter. The RMS-client on this computer received a logical position from another

client and transforms this to the appropriate control sequence. Also other special de-

vices, e.g., the video-wall have their specific control panels.

3.6 Implementation details

The RMS is a client server system. The server is implemented as N-1-unicast reflec-

tor. Model changes are broadcast to the other synchronously working clients. An

alternative implementation realizes a multicast server.

Server and client sites are implemented with JAVA. The optional server multicast

component and the client components that are controlling the devices or are watching

the computer process space are realized as DLLs. The client-specific configuration

data, e.g., what processes are available or should be observed, are stored within html-

pages.

Clients with no available DLLs are able to observe and control the CCF activities,

e.g., from outside of the CCF. Clients with no configured RMS-DLL are not control-

Fig. 6. Control panel for the room-observing camera
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lable or observable caused by the restrictions through Sun’s conception (1996) of the

JAVA-security-manager.
User pictures are broadcast in a DCT-compressed form. NetMeeting is controlled

via the appropriate NetMeeting-SDK.

4 CCF Objects of the Room Management System

http-server
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CCF-client

Internet-browser

RMS-DLLs

RMS-client

n

Fig. 7. Client Server

Fig. 8. Basic classes of the Room Management System

CCF Obj

User Device

Scenario

Role

Grant Desktop Obj

ProcessWindow

Group

Computer

select
able



www.manaraa.com

229

5 Conclusion

With RMS, we propose a first step in integration of control for distributed software

and distributed hardware via extending room control facilities with generic function-

ality for managing application scenarios. The project is ongoing and there remains a

great deal to do for seamless integration RMS into a courseware environment.
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Abstract. This paper will discuss the future use of the dwelling as a place for

cooperative work. It is our opinion that the development of the communication

technologies and the architectural design has to be treated in parallel when we

discuss new forms of living and work habits. Our analysis is built on a theoreti-

cal framework that is reflected through earlier experiences in IT technology in

domestic environments as well as field studies of computer-mediated commu-

nication. By taking into consideration both architectural and communication

technology issues we have developed a framework of how these two areas

could fruitfully meet in new design concepts. Some of these concepts are now

being used in on-going projects where new forms of communication in domes-

tic environments are studied.

Keywords. architecture, computer supported cooperative work (CSCW), video-

communication, telework, dwelling, ambient media

1 Introduction

The purpose of this paper is to describe some aspects on how a future dwelling archi-

tecture could be developed and how the communication technologies could be inte-

grated to support cooperative work activities in a domestic environment. The analysis

is built on a theoretical backbone reflected through experiences in CSCW (Tollmar et
al., 1996, 1997), as well as field studies of IT in domestic environments (Hunhammar

et al., 1996). A wider context will be presented by analysing the historical develop-

ment as well as some trends and scenarios for the future.

The dwelling is meant primarily to support the activity “to live”. So, when the way

of living is changing the design of the dwelling also changes. Compare, for example,
the radical difference between a dwelling of the agricultural society of the 17th cen-

tury and an industrial worker’s home in 1960’s. We are now experiencing a major

change in our way of living in the transition from an industrial society to an informa-

tion society. Our hypothesis is, therefore, that the dwelling of the information society

has to be designed in a radically new way, than the dwelling of the industrial society.

Our key argument is that we will spend more and more time in our homes, where

we will also accomplish a wider range of activities, including professional work. The
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reasons for increased work, and cooperative work as well, in our homes are - despite

the prerequisites of available IT tools - among others (Forsebäck, 1995; Graham and
Marvin, 1996):

• New social trends and values in a diversified individual perspective where the

limits between the private, e.g. the family life, and the public, e.g. work, are loos-

ening up.

• Changing organisational and economical structure within companies and organisa-

tions.

• New attitudes from a political view, both national and international.

The widened range of activities in the domestic life and the technology push will

lead to an extended need for communication facilities. These will diversify into a set

of communication units for different kinds of use. The motivation for acquiring some

technologies in domestic environments might even be derived from the dual purpose

of fulfilling both social and professional needs.

One way of understanding different kinds of communication systems is to utilize

architectural metaphors in our interpretation of a system. To date, it seems that the
imitation of architectural or urban spaces has been the dominant strategy for most of

the multi-media telepresence systems (Mitchell, 1995). All of these electronic systems

are based on a rationale of projecting architectural props into an electronic space, i.e.

a room or a table. We would like to argue that such metaphors should be pushed even

further.

The major goal with this paper is to work out a framework where we can play

around with concepts in modern architecture and communication technologies. This

paper focuses on architectural and IT-communicative perspectives of dwellings in

Sweden and primarily for a growing group of people working in the information sec-

tor. Of the different components that computer supported cooperative work consists

of we will focus on the live video and audio communication. The paper, in current
scope, will it not include any deeper discussion about e.g. social, economical or po-

litical aspects. However, all are additional important facts of the implications of the

new IT technologies for the society of the future.

2 Scenarios of the Dwelling, Future Life and Work Style

Two scenarios are developed showing different situations where live video communi-

cation forms a part of work and spare time activities. It is our hope that the scenarios

might work as an introduction to the complex situation of new needs and possibilities

involved in the field of new communication technologies and the architectural design

of the dwelling.

The scenarios take place in a eleven stories residential building in a Stockholm

suburb. People living in the house well represent the new dominating group working

in the service and information sector. The year is 2010…
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“When the kids comes home”

It’s 4.15 p.m. a Thursday in May and David, a married father of two twin daughters is at home

working, just as most days of the week. Now he sits in a semi-transparent glass-cube, which is

a sort of transit from the staircase to the apartment. He’s having a business videoconference.

- Okay David, your comments on the design were great, says Roberto on the big screen. I will

do the changes and call you back when it’s done. Anyway how are you wife and kids?

- Great, thank you Roberto! Wait, I can see Maria and Sara coming here in the staircase. They

are in the hallway now; maybe you can see them coming. They have been to school this after-

noon.

- Hi Maria and Sara, welcome home, says David to his daughters. - Say hello to Roberto, a

friend of dad who lives in Brasilia. Maria take a step forward and waves her hand to the video

screen.  And says: - Hello Roberto, I’m Maria. - Hi Maria, answers Roberto, I like your back-

pack! - Oh really, says Maria, It’s my portable computer, I need it for school.

- Alright Roberto, see you soon and send my regards to your family, finishes David.

The screen automatically shuts down and David pushes the movable wall and places it in front

of the glass panel leading to the staircase. By doing so he converts the hall into a more private

space than the public working space he needed during the day. At the same time he takes the

chair he was sitting in and moves it close to the panorama window. Then he turns the chair

upside down and suddenly it becomes a comfortable rocking chair for reading a book later at

night…

“Talking to grand-ma“

It is evening, 6.30 p.m. The father and the youngest son are watching the children TV together.

A “virtual agent” asks if they are willing to take an incoming call from the grand-ma. Steve, the

father, replies:

- Yes, of course, you don’t have to ask for that, put her through … Hi mom, how are you do-

ing?

- I’m fine, how are you John? I’m sorry to interrupt you in the middle of your TV show.

- That’s ok, what’s on your mind?

- Well its John’s birthday next week so I thought that I should ask if he has any special wish.

John replies immediately: - Yes I would like some new pieces to my Lego robot.

- Grand-Ma ; That sounds expensive! But we will see. Could I talk just to you Steve, and Maria

(the mother) so John can continue to watch his show?

- Yes of course, says Steve, I think Maria is still in the car, so let us meet in the kitchen in a

minute.

- Okay, I wait for you there, replies Grand-Ma.

Steve re-routes the call to the kitchen with the help from his “virtual agent“, and ask it to locate

Maria…

3 Architectural Concepts

The most important concepts in the development of the architecture of the dwelling

are primarily: time and space and the concept to live. The concept of time and space

are important depending on where, when and how one actually does things - in this
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case to ‘live in your home’. The concept live in an architectural perspective is a con-

dition for the being and the space that can not be separated (Norberg-Schultz, 1971).

3.1 The dwelling

 Historically the activities in the agricultural society where often integrated both in

time and in space. Work and idle time where not separate concepts and the whole

household participated in the daily work. The majority of activities took place inside

or around the buildings. The dwelling was the physical form of the way to survive,

and the form was decided by practical and ecological conditions.

 

Fig.1. Plan of a Swedish farm with spaces for the majority of the household’s activities spread

out in different buildings united in one physical form.

Fig. 2. Plan of a typical apartment of the 70s, showing an obvious division of some of our

different functional activities into spaces.

The industrial revolution lead to the division of ‘work’ and ‘live’ for the majority

of the population and the dwelling turned into a "machine to live in". The dwelling

was now designed for: homework, personal needs, spare time activities and studies

for the young generation. The professional work was no longer a part of the dwelling

and should be done in the fabrics or at the offices. The activities where separated in

time and space with the dwelling at one place, the workplace at a second and the

central functions at a third, all tied together through private or public transportation.

The dwelling of the information society will again, probably, represent a wider

spectrum of activities integrated in time and space. What will happen is that we, to a
much greater extent than today, will work from home, shop from home and take care

of the elder population in their homes with support from different IT solutions.

3.2 The concept of time

 "Einstein’s theory of relativity introduces into physics a notion of

time that is intrinsically flexible. Although it did not quite restore
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the ancient mystical ideas of time as essentially personal and

subjective, it did tie the experience of time firmly to the individual

observer. No longer could one talk of the time - only my time and

your time, depending on how we are moving. To use the catch

phrase: time is relative."
 (Davies 1995)
 

Time might apparently be a very simple concept, but it is actually extremely complex

and has many ways of interpretation. Here we will, in the first place, focus on how we

relate to time. We will also discuss how time is perceived. Worthwhile to notice is

that the way we in general relate to time is well behind the more scientific or intel-

lectual understanding of the concept.

In the old agricultural society the relationship to time can be described as circular.
The reason for this comes from two directions. One comes from the very nature itself

and one origin from the philosophical ideas of Plato. With "from the nature itself" is

understood the cyclical character of the nature - the repeating character of the day, the

week and the year (Davies, 1995). Practically, this relation to time resulted in an adap-

tation to the nature’s outer factors. Philosophically, the circular understanding of time

was the way Plato described the time from a more scientific point of view. This model

has left deep marks in the western culture.
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Fig. 3. Graphical illustration of different relations to time in different historical epochs with an

indication to identify who originally represented this point of view - in a scientific way

The industrial society’s demand of an exact and chronological order in production

and distribution changed the concept of time from circular to linear (Davies, 1995).

There had been an acceptance of an order of time in earlier cultures. But that time

could be something precise and objective became possible with the modern science

(Davies, 1995). Most things such as production of goods and services where meas-

ured in time and time studies where done even of activities in the dwelling, e.g.,

house-wives work in the kitchen.
Time in the information society will rather be perceived as pluralistic and subjec-

tive. Time will be treated as related to: rhythm, length, speed and quality (Mead &
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Pacione, 1996; Philips, 1996). More concrete this could mean that we might feel that

the "time is running by" or that something "goes on for ever". In a more global world
of information, this new conception of time, means that it’s more important what we

produce and not when and where we do it. This results in more flexible and individual

forms of work and everyday life.

We will be connected and prepared to communicate any second of the day. This

will obviously cause problem in domestic environments, in particularly how to handle
quality in time - both focus as individuals and as family members. Should, e.g., all
phones-calls be re-directed towards the answering machine during the family dinner?

3.3 The concept of space

 "Architecture is the thoughtful making of spaces. The continual

renewal of architecture comes from changing concepts of space."
 Louis I. Kahn
 

The concept of space refers to what Norberg-Schultz (1971) describe as: “architec-

tural space may be understood as a concretization of environmental schemata or im-

ages, which form a necessary part of man's general orientation or 'being in the world'

”. Man has not always only existed and acted in space, but also created spaces as an

expression of their understanding of the world. The architectural space and man’s way

to relate to and act in it have changed over time.

In the industrial society the concept of space became scientifically rational and in

general a spatial result of the analysed function which would take place within it. The

dwellings got sleeping rooms, bathrooms and living rooms. The need, will and belief

in structuring and classifying even the spaces became important. The American ar-

chitect Louis Sullivan founded the expression “form follows function”, during the late
19th century.

The concept of space in the information society is becoming more complex and
can be understood as two parallel spaces: the electronic and the physical. The elec-

tronic space consists of one representative space such as virtual reality and another

abstract space which refers to an non-hierarchical one with free associations and

parallel places (Mead & Pacione, 1996). The physical space, on the other hand, is the

single world where we actually are with our bodies. Hence, the electronic space is

global while the physical space becomes more and more local when we spend more of

our lives in and around our dwellings.

3.4 Private and public

In the agricultural society where the limits between what we today define as private

and public spaces not yet defined. People lived and worked inside the farms main

building, outside close to the buildings, or on the fields as a group, i.e., many people

slept in the same rooms and beds and the “toilets” consisted of many holes in a row

(Rybczynski, 1988).
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The concept of public and private has during the industrial age developed and be-

come something really important. The private became absolutely private and public
became totally public. The earlier public characters in, e.g., traditional farmers house

disappeared in the modern planning. The limits between public and private became

sharp; compare for example the public character of a staircase and the very privacy of

the apartments hall in a typical residential building of the later decades. Norberg-

Schultz (1971) describe this phenomenon as “We have already mentioned variation in

the public and the private aspects of the dwelling, and hinted at the fact that modern

man to a large extent has lost the level of nature”.

The way to live in our homes in the information society is becoming more complex

and with an increasing integration between work, shopping and domestic activities,

the limits of private and public will open up (Graham and Marvin, 1996). We will

also experience new ways of communicating. The technology will, e.g., permit us to

break limitations in physical proximity by real-time video communications. Radically
different means of connecting places is that everyone can “be their own television

broadcaster” and make, i.e., a family home page that opens up the physical family

household environment to become more public.
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Fig. 4. A schematic image over how activities in our everyday-life are located in a private-

public aspect over the epochs.

4 Basic Communication

 “Many of the significant issues in differentiation arise from the

physical environments from which we enter "virtual" spaces; the

existencies of particular, local situations lead to variations in vir-

tual behaviour.  The homogeneity of distributed communities is

often illusory.“
 (Dourish, 1997)
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As the time spent in domestic environment will increase and the activities will un-

dergo changes, the need for new communication facilities will grow. These will di-

versify into a set of communication units for different kinds of use. We will now

discuss some of the implications new communication technique might incur for the

domestic environment.

Given the variety of communication in domestic environments one must emphases

on the needed flexibility. Another key factor is to stress the importance of social in-
teraction among members facilitated by work or by common ties. We may take this a

step further and note that in designing domestic communication facilities, the follow-

ing core attributes might be crucial in creating a sense of accessibility and proximity:

•  Finding people and information.

•  Creating and sharing social space and workspace.

•  Keeping track of events and participating in the governance.

•  Use and control of communication media.

Our starting point is the number of prototypes, usability studies and fieldstudies,

that have been undertaken on mainly video-communication facilities, e.g. medi-

aspaces (a virtual space mediated a communication act over distance), within the

CSCW (Computer supported cooperative work) community. Previous research on

video-communication has revealed many contradictions in our understanding of this
communication media. Issues like non-verbal communication and media quality has

been heavily debated in the literature (Whittaker, 1995). In the context of this work

have privacy concerns turned out to be of special interest. In particular, as some

places of the future dwelling will become semi-public places, like the family hallway,

a dilemma exists where the private, individual, and public space meets. Paul Dourish

has reported (1997) about the continuous efforts to experiment with different solu-

tions to privacy issues in mediaspaces. Durish pointed out the contradiction of the

nature of mediaspaces as hybrid physical / virtual environments.

4.1 Architectural interpretation of communication media

One way of understanding different kinds of communication systems is to use physi-

cal metaphors in our interpretation of the system. To this day, it seems as if the imita-

tion of architectural and urban spaces has been the dominant strategy for most com-

puter meditated communication systems.
In, e.g., the University of Toronto’s video-conference system (Mantei et al., 1991)

a part of the interface consists of small thumb-tack windows, with names underneath

of people, who are potentially available for a video-conference. If a person is in her

office, a small picture her is displayed, if they would rather not be disturbed, a "half-

closed door" reveals only part of the face, and if they really do not want to be inter-

rupted, there is a "DO NOT DISTURB" sign. The design principle was to transpose

everyday interaction rituals to an electronic world, based on the social meaning of

physical artefacts (i.e. half-closed doors). Architectural props, were used as symbols

of an individual’s desire for engaging in certain kinds of social (electronically medi-
ated) interaction ("I am busy but if it’s really important you can interrupt me with a

video-conference").
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The intended purpose of such features is to allow the transposition of everyday

conversational mechanisms into mediated communication. The essence of this point is
an emphasis of the emergence of designing the physical space so it has the affordance

of being both virtually and physically shared. The work by William Mitchell (1995)

gives us some further references. Mitchell makes a parallel between successful new
electronic places and how the urban space was designed in the ancient Greek agora,

“It was the possession of an agora that made a collection of buildings a city“. Mitchell
lists four major characteristics that make a space agora like:

• Accessibility, open.

•  Friendliness, non-hostile.

•  Freedom of assembly and action, providing high level of freedom in action.

•  Public control of use and transformation over time.

Another worthy source is Ray Oldenburg’s (1989) analysis of the concept “third

places” in his book “The Great Good Place: Cafes, Coffee Shops, Community Cen-
tres, Beauty Parlours, General Stores, Bars, Hangouts, and How They Get You

Through the Day”. Third places are, according to Oldenburg, neither home nor work,

but are places where informal public life can take place. Third places around the

world share common and essential features, they are levellers - inclusive rather than

exclusive and expand social possibilities.

However it’s our standpoint that most imitations of architectural and urban space

and places that are used in today’s development of communication systems are too

crude and superficial. We all know that clever architectural design is like a clever

interface - intuitive, attractive and transparent in a subtle combination. In a physical

space it is all these subtleties that shape or do not shape the communication within a

building, office, public bar etc. Designer of today’s electronic communication media
unfortunately do not push and advocate the architectural metaphors far enough.

4.2 Create and share social and work space

In our latest research project in video-communication, the VideoCafe project (Tollmar

et al., 1997), we started from an idea of virtually connected public places in two re-

search labs that were about to initiate an collaborative research program. The idea of

providing a public mediaspace was built on the assumption that such a space could act

as a facilitator for informal community building. By empowering the individuals to be

able to take an active part in the discussion and change future plans and activities.

One of the core activities in the VideoCafe project was to experiment with a couple

of different room designs. For that purpose we created both new social places in

workplaces as well as new styles of interior design that could foster a community.1

•  In connection to shared communication devices (see Fig. 5),

•  For lobbies (see Fig. 6),

                                                       
1 All the places that we here discuss are located within or close to what now is CID (Center for

User oriented IT Design) at the Royal Institute of Technology, Stockholm, Sweden. The dif-

ferent interior design solutions for the other research lab at Ericsson MediaLab are discussed

elsewhere (Tollmar et al., 1997).
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•  For shared laboratories (see Fig. 7),

•  For public lunchrooms (see Fig. 8,9).

4.2.1 The Corridor

A corridor was the first place of

installation (see Fig. 5). The place

was close other communication

infrastructure, such as faxes,

Xerox machines and mailboxes. It

also was close to some of the staff

member’s offices. In general, it

could be described as the place

through which everybody had a

reason to pass, several times per

day.Our basic idea was to enrich

this place of encounters with the

remote lab’s presence, but since it

literally affected everyone in the lab in a very direct way, several privacy considera-

tions were undertaken to give the place the affordance of different communication

zones. The place was divided into three different zones:

•  an inner zone where the user could  be both seen and heard,

•  the background zone where the user could be seen but not heard,

•  a free zone where you are neither heard nor seen to be used, for example, by peo-

ple passing through whom would like to be left alone.

In practice it turned out to be hard to strictly, but flexibly, control the technology in

such way that the different zones were clearly distinguished. If you were engaged in a
conversation it was hard to protect that conversation, and the place could actually also

exhibit a hostile character due to the problem of shielding a conversation. In addition,

we found a problem in the fact that public places tend to be owned by their neigh-

bours. What the corridor place lacked in agora terminology was, despite it is accessi-

bility, obviously some proportion of friendliness.

4.2.2 The Lobby

 The second place for our proto-

type was a lobby. The lobby has a

more defined role, and is mostly

no-mans land. Furthermore, com-

pared to the corridor, it is usually

not that heavily trafficked and

hence provides a calmer atmos-

phere for longer conversations

(see Fig. 6).

Fig. 5. The VideoCafe concept placed in a corridor.

Fig. 6. The VideoCafe concept placed in a lobby.
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However, in our case this place did not work at all. Comments that were made in-

dicated that this is a place of merely pass through, and very seldom a place where you
stop to chat. The frequency of informal encounters dropped noticeably. However,

compared to the corridor, this place supported better semi-formal meetings between

the labs. Due to its calm nature it became a greater place for extended meetings.

4.2.3 The Lab

Our next step was to find a place,

which combined the positive aspects

from the lobby with the possibilities

to, afforded the frequent encounters

that the corridor did. The place

selected was the common lab. To

handle the more tricky privacy is-

sues in the lab, eye-dropping and

audio pollution, we removed one of

the zones in this prototype. Hence

we limited the available zones to

two, the inner zone where you can

be both seen and heard, and the free zone where you neither are heard nor seen (see

Fig. 7).

It became apparent that people working in the lab sometimes, naturally, turned the
volume down not to be disturbed in their work. Since the audio maybe is the most

essential medium for peripheral awareness the need to reduce the volume came into

direct conflict with the casual interactions idea, e.g. when people notice the rattle of

keys when a person at the other site lock her door at the end of the day. The basic

lesson of the lab place experiment was that we needed to add extra interaction devices

to our design. Dependent on where you were standing in the room, the communica-

tion devices need to adjust to that specific situation. E.g. if people only move around

in the free-zone the audio level should be adjusted as well as the camera being posi-

tioned into a small, closed field of view.

Another way of solving this is to replace the direct audio with some ambient form

of a less intrusive nature. However this form of media-transformation is a complex

matter where we have only started to define our needs and have so far only a rudi-
mentary set of conceptual design experiments.

4.2.4 The Kitchen

Taking into consideration the reflections above, particularly that too many of the lab

members felt that efficiency was negatively effected by the VideoCafe’s presence in

the lab, we experienced rather soon a consensus of the necessity of try out a new

place. The new place we selected was a half-open self-service kitchen in connection

to the main entrance to CID (see Fig. 8 and 9).

One of the key problems which we observed during the earlier prototypes was the

difference between people sitting down, plausibly engaged in some conversation and

Fig. 7. The VideoCafe concept placed in the lab.
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people passing through. To be able to work with this, and related issues, we decided

to design and build our own tables and chairs according to our needs. The solution
was a raised table in the form of a bar. Our basic idea was two-folded, firstly, we

lowered the threshold in the initiation of the conversation and secondly we provided a

place for short, spontaneous interactions (see Fig. 8).

A problem in the earlier prototypes was that the space did not clearly suggest how

many people it was designed for. One of the outcomes of this was that the distance

between the participants always varied towards the camera, the microphones and the

screen. The shape of the new table also ensured that most participants had a fixed

distance between each other. In addition to the tables’ two level boards it become

possible to separate the hang-around functions with techniques necessary in this set-

tings, remote control, miles of cables, microphones etc.

Fig. 8. The VideoCafe with a specially designed furniture with the two different tables levels

for communication devices and the service-area for the user’s coffee, papers and pens

Fig. 9. The VideoCafe concept placed as a café with a piece of specially designed furniture.

4.3 Use and control of communication media

In our findings three kinds of control veers feedback, system, audio and visual have

been identified as critical. Most important is that the user must be able to control the

volume of the received audio and turn on and off the audio transmission. An active

user must also be able to control his / hers visual field at the opposite site, as well as

be given a visual feedback of the video-picture that are sent to the opposite site. We

have formulated our experience in two categories of guidelines - how to form the

audio-room and how to control the field of vision.
Many earlier studies have shown that the audio quality is an important factor (Tang

& Isaacs, 1993). In our studies we have been trying to obtain one shared audio-room

by using directed audio with CD-quality. Points of interest are in this case to find

models for audio visualisation of the shared room to enable equivalent conditions for

conversations as in face-to-face conversations in physical room, e.g., back-channels

for several simultaneous discussions. This turned out to be a very complicated matter

to solve. The basic problem is that every single room audio-acoustic properties differ

tremendously from all other rooms, it’s like a room’s unique fingerprint. No-matter
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how the audio is processed there will exist a difference in the character of the speech

in the physical rooms compared to the transmitted speech from the remote location.
Our work-around solution is to filter the audio with extra-ordinary circumspection.

But, like in many other design solutions for the VideoCafe, this will raise a subtle

balancing act. The trade-off is to make the speech as good as possible at the expense

of reducing the background audio, that is so important for awareness mechanisms.

When people sit in the same room they are able to control their own field of vision

by moving their head and body 360 degrees and the participants can immediately see

in which direction another person is looking. To be able to achieve some freedom in

the field of vision for the remote participants we have experimented with using sev-

eral video cameras at each site. These cameras can then smoothly provide both over-

view pictures of the room as well as close-ups. To simplify the interaction with these

video cameras a simple IR-control device was developed that controlled both local as

well as remote cameras. Nevertheless, in practice we found that contradictory to these
features most users instead utilises the space to control distance between participants.

For example by placing themselves in the room instead of using the zoom function to

zoom in a person they are talking with. This stress even further the question of pro-

viding even simpler forms, e.g. a remote control, of interaction devices to control the

field of vision. One example in this direction is to use different kinds of motion and

presence detectors that could perform camera, as well as audio, adjustments.

4.4 Conclusions from basic communication

IT technology is already referred to as a natural component in the way many of us

live. Increasing and changing ways of communication will in itself demand new ar-

chitectural distribution and design of the dwelling. Implementing this for both profes-

sional work and social aspects in the context of the dwelling will require more from

the technology. With transparent interfaces, intermixed with special devices, it will be

possible to focus upon communication instead of technology. Experiences from the

use of mediaspaces, that so far primarily have been developed for office buildings,

will raise new design-criteria’s that seem to be interesting for the dwelling:

• The technology must afford a large degree of flexibility connected to the use of

space in the dwelling. It must be possible to transfer a call to another place if the

discussion shifts and gets too intrusive for the environment. The space should

also afford people to connect to a discussion.

•  If a permanent link is connected to places apart there exists big needs of additional

levels of communication, sometimes the mediaspace is too noisy and intrusive

and in other occasions it is too passive and does not afford that kind of casual

communication it is intended for.

•  The need for a comfortable and easy interface not distracting the communication

act but allowing on-the-fly adjustments of the technology could never be over-

exaggerated.

•  Problems concerning interior design issues are colour and lightning. Firstly the

interior colours need to be colours that can be transmitted with video without
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distortion. Secondly, does lightning have to be a compromise between the studio

lightning and the lightning of a living room.

•  Of great importance is also how to create a shared context in the interior that pro-

vides an "us" feeling between two rooms.

5 Discussion

The dwelling in the 21
st
 century might not at all mean the same thing as in the 1990’s.

In the 21
st 

century people will have a greater part of their everyday activities in and

around the dwelling. This includes both traditional home-related activities and profes-

sional work. The border between homework and professional work will loosen up.

Fewer people will have a permanent employment and more will work in temporary

projects or run their own business, with the home as their stable and fixed point. A

greater number of these activities, i.e. professional work, shopping on Internet, care of

elder people and childen, and video-telephony, will also be supported by different

kinds of communication technologies. The dwelling will in this context function as

the physical base of one’s existence.

5.1 New use of communication media

From our studies of video-communication we have found two interesting strands of

further development that might be of special interest for the appliance of mediaspaces

technologies in domestic environments. Firstly, there exist a big need of different

levels of communication. Sometimes the mediaspace is to noisy and intrusive and on

other occasions the mediaspace is too passive and cannot allow the kind of casual

communication that it is intended for. Different forms of media transformations seem

here to be a promising direction for further development. Secondly, even a simple

function like adjusting the camera with a remote control could easily create break-

downs in the discussion. An alternative kind of interface that utilise the position and

the gestures of the body in the room could be a comfortable and easy alternative inter-

face.

It’s our standpoint that concers regarding privacy, a major source to problems in

office environments, will only be more important to handle properly if we want to

move this kind of communication techniques into domestic environments. Our new

direction is to examine some alternative solutions where some media undertake some

transformation into new forms, media forms that maybe is not direct and intrusive. It

might be wanted to, in some domestic environments, make it possible to hear, rather

than see, where other things or people are and what they do. Both due to privacy con-

cerns but also to practical concerns since it is not possible to look around every corner
in a domestic environment. Like cord-less phones, we would like to enable users to

freely move around and let other more practical factors decide where the communica-

tion act takes place.



www.manaraa.com

244

A mix of the above questions yields a generic issue; could the room adjust itself to
different levels of communication? Depending on people’s position and activity, e.g.

use of other services. We are especially interested in investigating different kinds of

mechanisms that, in a semiautomatic way, based on preferences and physical controls,

help the user to adjust to a suitable level of communication. Today, we are working

with motion and image detectors to adjust audio and visual fields in our system. A

general guideline is to build the interface as transparently as possible, the ideal is that

you will be able to use your body in the room as the main interaction device.

5.2 The architectural and communicative expression

Although the later part of this paper focuses on communicative aspects in the use and

design of the dwelling, we will here continue the architectural discussion from the

first part of the paper. Lately some architects who have intended to approach IT and

communication aspects in the dwelling have done this from a view that the use and

meaning of the dwelling is something permanent, and not something that develops

with a changing of the way of life. Therefore we discuss some general aspects of a

future architecture.
Architecture has always expressed some of the fundamental ideas of the time in

which it was created. The information age will be unhierarhical, subjective and flexi-

ble among other characteristics and so will it is architecture. Rather than ‘tearing

down and building new’ as in the industrial age, reconstruction, addition and exten-

sion will be the dominating way in the construction of the information society. The

huge number of existing dwellings will experience a great change to adapt to new and

changing needs in the information society. New building elements and techniques will

probably be mixed with traditional ways of building. The architectural expression will

therefore be a mixture of old and new ideals, forms and materials. Sensors will be

built into materials, building components, machines and furniture are meant to collect

and transmit information. This will add to traditional ideas about architectural ele-

ments and expressions, a new dimension and meaning.
Some architectural design ideas and concepts have been developed from the above

discussion. These are here presented in a wider sense:

• There will be an extended number of activities taking place in the homes and these

will vary during the day and the week. The average time spent at home will also

increase, which means that with maintenance of today’s use of space will be a

needed to adapt the dwelling according to the activities taking place at the mo-

ment. A solution might be flexible and moveable walls and wall-systems that

could provide spaces adequate for the changing activities.

• Apartments from the industrial ages are generally very closed towards any public

space and of a strict private character. There are reasons to expect an increasing

need to physically open up the apartments towards the public staircase, e.g. with

glassed walls or new physical forms.

• Changing and more extended use of the buildings common spaces for activities

such as meetings, delivery of products and tele-work in favour of e.g. laundry and

storage will take place. These semi-public places will in this way temporarily be-
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come more private. The borders between the public and private will in this sense

be more flexible and diffuse.

• The lack of space and the different characters of the varying activities will also

demand a wider use of the furniture in domestic environments. Today a bed, table

or chair normally is designed only for one single function. But there will be an

increasing demand for multifunctional furniture, adaptable - in colour, size, form

and other characteristics - to different activities and situations.

Another overall aspect is that these technologies, building components and furni-

ture not only have to be able to adapt to different situations but also to personal needs
and habits.

5.3 Future work

An architectural design solution for distribution of video-communication that we are

working on is to divide spaces in the dwelling into different zones were each zone has

an intuitive clear communication mode, as we above argued. The zones may vary

over the time and so might the spaces’ forms and functions. From this, a more specific

architectural and communicative design concept might be developed mutually.  A

design which is a combination of technology solutions and physically building com-

ponents.

= zone that can not be seen or heard

= zone which can only be seen

= zone which can be well seen and heard

Fig. 10. Graphical illustrations of conceptual communication designs.

To the left: Traditional hierarchical design concept for dwellings with one zone placed at a

strategic point such as the hallway.

To the right: Alternative “network-floorplan” - developed by the authors - with flexible zones

distributed over the apartment.

From our experience it is also clear that this kind of places would strongly benefit

from more subtle communication qualities. Qualities, which may not be found in

improved video or audio sampling frequency, but qualities that might significantly

enrich the experience of remote places through communication technology. We have,
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thus, in on-going projects started to explore new spatial and artifactual tools to ad-

dress other experiences as a complement to the functional media provided by audio
and video. The origin of these tools comes from a context of everyday life. The goal

is to replace the ambient communication that is obviously lost between remote places

but might be replaced by artificial spaces. To illustrate this further we finnish this

paper here with some brief examples; imagine a connection between a pair of chairs,

if one of them is used the other one will also be heated to indicate (tele)presence, a

lamp could be connected to a remote piezo sensors or stretch sensors that toggled

on/off depending on remote presence, or that connected places share temperature, air

humidity and lightness. Our working hypothesis is that restrictions, for example for

privacy concerns - which are of particularly interest for domestic environments, in

direct media, could be replaced by incorporating this kind of ambient media.
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Abstract. This paper considers the nature of interactive technology within do-

mestic environments and how we might want to consider the design of technol-

ogy for domestic environments. As part of this work it highlights the methodo-

logical issues faced in the design of systems for the home environments. The

shortage of detailed knowledge of activities in the home is highlighted as a

major issue in understanding the situated nature of technologies. A series of

studies of domestic environments is presented alongside the design challenges

they raise.

Keywords. domestic environments, interactive technology, home environ-

ments, cooperative buildings, methodological issues

1 Introduction

The last decade has seen a shift in the common perception of computer systems and

how they are used. Both the IT industry and Government bodies in the USA and

Europe have started to focus on the impact of moving computers into the home

(Venkatesh, 1996). Many people envisage the development and deployment of novel

interaction devices within these environments and the general amendment of domestic

environments to support novel forms of interaction. It is clear that the provision of

network facilities to the home will have significant impact and that the systems de-

ployed will support cooperative interaction. However, what is less clear is what form

these systems will take and the impact they will have on domestic environments.

It is easy to conjecture that technological devices will play a significant role in the

formation of domestic environments and the shaping of the home of the future. Occu-

pants of domestic environments will use technological artefacts to mould their envi-

ronment and provide support for their day to day activities. However, what is cur-

rently less clear in what ways people may seek to exploit these technologies as a

means of designing the cooperative domestic environments in which they are placed.
We currently lack a clear understanding of the relationship between these technologi-

cal artefacts the nature of the spaces they find themselves in and the activities that

take place within the home.
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In this paper we wish to turn to a series of studies of households to consider the

nature of homes as places that are distinct from other environments and the implica-
tions they have for the future development of cooperative buildings. Prior to doing so

we wish to reflect on the methodological challenges to the design of systems and

environments posed by the emergence of the home as a setting for computer applica-

tions that are closely bound to the environment in which they are placed. The core of

our message is that the nature of domestic environments is intimately bound up with

the technology placed within it and is often formed with and through this technology.

In designing artefacts to be placed within these environments we are essentially de-

signing the cooperative environment itself and must develop an understanding of the

nature of this environment. To this end we present an on-going study of the nature of

households and the role of technology in everyday activities and, consequently,

briefly reflect on the potential implications of this study for the design of future do-

mestic environments. The paper concludes considering some of the more general
preliminary lessons from these studies.

2 The Move to the Household

It is now widely realised that the home is likely to prove an important site for new

information technologies; technologies which do not necessarily have to be migrated

from the industrial or work sphere to the domestic.1 This view requires a shift in the

manner in which designers perceive the future use of computer systems. Until now

computer systems have focused on consideration of the dedicated support of particu-

lar work activities in isolation of the environment in which these systems are placed.

Consequently, design techniques have focused on supporting the construction of dedi-

cated applications to support particular forms of work rather than a broader consid-

eration of the application and the space within which it may be used.

The almost wholesale shift toward an ’information society’ that a consideration of

cooperative buildings embraces suggests that future designers will increase their rep-

ertoire of tools to understand the context within which systems are place. However, in

terms of domestic environments one of the major inhibiting factors to the eventual

realisation of this shift is the paucity of detailed information we currently have about

the household and the role of technology within the home.

The relatively recent 1993 Report of the EC’s European Foundation for the Im-

provement of Living and Working Conditions (Moran, 1993) criticises the lack of

effort that had been expended on studying home life and the implications of such

technologies for daily life. After discussing initiatives in the US, Japan and Europe,
the report comments:

"A major criticism can be levelled at all three initiatives. No model of the home or its
users has been developed which could underlie developments in the Electronic Home
area. The initiatives are largely the result of a "technology push" type approach. A
clear conceptual paradigm has not emerged ... The decision by all three major actors
... to carry out research on the experiences of real householders is to be welcomed.

                                                       
1Venkatesh(1996) identifies the telecommunications, information, computer and entertainment

industries as now treating the home as the next site for technological development:
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This will provide valuable feedback on user needs and requirements on which the vi-
ability of the initiatives from a market perspective ultimately depends."

In general, existing approaches to understanding domestic environments and ac-

tivities within the home have been undertaken with the purpose of developing a

broader view of the nature of society. Consequently, studies of domestic environ-

ments have focused on developing information that can be readily aggregated to

speak of sections of society or geographic regions. In can be argued that rather than

treating daily activities in the home as a topic of enquiry in their own right, most
studies treat such details as a resource to be mobilised in support of some form of

broader social theory. Those ’qualitative’ studies of the home that do exist (e.g.,

(Hirsch, 1992), (Hobson, 1982), (Lull, 1982) (Morley, 1980; Morley, 1986) and (Sil-

verstone, 1994)) tend to situate such assessment of the household within sociological

debates concerning such topics as modernity and alienation, the suburbanisation of

the public sphere, nationhood and globalisation. Here the qualitative data is, post hoc,

’slotted into’ sociological debate, and offered as ’evidence’ for or against such broader

issues rather than treated as a topic in its own right.

Many approaches to understanding technology in the home characterise it in terms

of the ’patterns of ownership’ of IT and related leisure technology owned in the home

(see for example (Mackay, 1995)). This approach attempts to draw inferences from

sets of statistics that are then aggregated to provide assertions about the role these
pieces of technology play within the home.

These existing methodological approaches rely upon a certain degree of ’schemati-

sation’ of social phenomena to which the complexity of daily life does not necessarily

lend itself. Existing studies essentially construct a theoretical gloss of the actual na-

ture of the relationship between information technology and the home. What is un-

clear is the extent to which this form of investigation can provide the detailed insights

into the activities of the home suitable for the designers of future domestic environ-

ments populated by IT systems.

The development of cooperative buildings for the home will require designers to

outline both hardware and software suitable for use in the home. Rather than simply

migrate existing approaches to design, which focus on work environments, designers
will need to examine the utility of existing approaches. The development of methods,

tools and techniques suitable for these environments represents in itself a research

challenge for future designers. It is essential that these techniques and tools be based

on an understanding of home environments. This in turn requires to undertake initial

studies of the home to inform the development of these methods and techniques.

As part of our contribution to the growth of a corpus of knowledge of the home we

have undertaken a series of ethnographic studies intended to sensitise designers and

developers to the character of ‘real world’ household domains. More specifically, the

study’s objective was to bring out some of the social dimensions of households - in

much the same way in which this has been achieved for work settings in CSCW -

relevant to the potential uses of new domestic technologies. It is important, we are
arguing, to design these technologies with a more grounded understanding of existing

patterns of social interactions to serve as a baseline in order to better assess not only

how one might think about such technologies but also, and as important, obtain a

better sense of those aspects of household sub-cultures which design would need to

take into account.
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3 Understanding the Home

We undertook a six-month period of ethnographically informed studies of a range of

UK homes, during which time a single fieldworker spent three evening visits with

families from a number of households. The findings from these studies were used to

feed into the design and development work of a major UK telecom access products

manufacturer in the area of Residential Broadband Networks and their associated

domestic technologies. The design remit was the provision of future information

services within domestic environments. Essentially, the provision of the core IT fa-

cilities need to realise a cooperative building. The participating households were se-

lected in order that a reasonable range of households were covered, with emphasis on

covering different economic, geographic and family backgrounds in the sample of

households..

Ethnographic studies of work and organisation have become reasonably common-

place within the field of Computer Supported Cooperative Work (CSCW), and are

very much concerned with providing a detailed of a given application domain as a

resource for the design and development of systems that are to operate within that

domain. The rationale of ethnography as undertaken by many within the realm of

CSCW is such that the object of its endeavour is to display the social organisation of

activities by those who are party to the situation under observation from the perspec-

tive of these social actors. It is this ambition which necessitates a ’fieldworker’ (typi-

cally a trained social scientist) becoming involved in the setting and the activities

being studied in order to gain the same perspective, as far as this is possible, of the
actors concerned.

In the context of this project it was considered vital to gain an understanding of the

natural sociality of domestic environments, studying interaction within its natural ’real

world’ settings, in a way which would minimise disruption to the household. Accord-

ingly it was decided that the most appropriate form of ethnographic study would be

one based around a series of evening visits to participating households, rather than the

more prolonged periods of study of even the briefest ethnographic enquiries within

work organisations. Such prolonged periods if study were deemed to be too problem-

atic within the period of study

4 Emergent Themes in Domestic Environments

We were interested in generating an understanding of the nature of the home as a

’lived in’ environment, and the ways in which technology was, quite literally, ’made at

home’ in such an environment. It is our contention that there are a number of impor-

tant ways in which an understanding of the relationship between the ’lived space’ of

the home and the technology that finds it character within it might provide important

lessons for the design and development of ’cooperative buildings’ of all types. Ac-

cordingly this paper outlines some important elements of this relationship and draws a

number of conclusions from these themes.



www.manaraa.com

252

4.1 Aesthetic elements of the home

The aesthetic character of participants’ dwellings was a non-trivial element of the

transformation of ’a house’ into ’a home’, and as such was greatly valued by partici-

pants as an important characteristic of their dwelling. It became clear that participants’

houses were ’worked at’ and made into ’homes’ by the decoration and configuration of

the home. This is something which all participants undertook in some form or an-

other, although often not particularly concertedly as one participant claimed (although

many might argue that being able ’to build a room’ constitutes more than mere

handyman status) :
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This concerted construction of a place ’to feel at home in’ was in evidence even
when participants houses were rented or had not been lived in for a long period. Here

a young couple living in rented accommodation outline their attempts to make them-

selves feel ’at home’:
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Although participants clearly had a range of financial resources to call upon in un-

dertaking such ’home making’ activities it was clear that all participants undertook

such activities in whatever way they could with the result that the aesthetic nature of

the house was of utmost importance to them. Here we are not just referring to people

’keeping the house clean’’ but to the kinds of decoration, ornamentation and configu-

ration that the house is subjected to in order to ’be home’, choices which obviously

reflect the character and lifestyle of householders within it. It is also worth noting as

an important caveat that there is a close relationship between the aesthetic and practi-
cal organisation of home.

4.2 Privacy

Despite this ’public’ face of the home, privacy is also a closely guarded feature of all

homes, and is indeed seen as one of the major constitutive elements making the home

distinct from other locations.
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Observations such as these raise an interesting paradox about the household as a

private place. It is quite clear, for example, that the household is an exemplar of what

we understand private places to be. This privacy is not only enshrined in law but also

strongly adhered to in conventions and behaviours of all kinds. In significant respects

it is ’good manners’ that one respects the privacy of others. Yet, the above suggestions
about the nature of domestic display imply that privacy cannot be understood as sim-

ply ’being oneself’ but, on the contrary, involves a great deal of effort in constructing

appearances ’for others’, emphasising the importance of both ’privacy’ and ’display’

with regard to the home.
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4.3 Ownership of space

Technology in the form of Television, radio and hi-fi were often used to mark out the

’ownership’ of space within the home at certain times - householders establish a so-

phisticated framework of use which speaks to important elements of the social organi-

sation of the home. Certain spaces within the home clearly ’belong’ to particular

members of the household at particular times as they use particular pieces of technol-

ogy as this extract from another visit makes clear;
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Such claims to the ’ownership of certain spaces are also closely related to the daily

routines of household members. The daily routines of the households are driven by

the concerns of work and/or children - these fundamental concerns underwrite the

day-to-day existence of householders who organise themselves in order that such
mundane yet essential activities get done. Routines emerge because parents must

work and children must go to school day in and day out, year on year. Common sense

means that sets of actions must emerge which meet these fundamental aims in the

least problematic manner - these routines do not ’fall from the sky’, as it were, but

emerge through the daily activities of householders ordering their lives.

In our study individuals often stated that so-and-so always had to watch this at a

certain time to wind down from a stressful day, or had to listen to that in the morning

in order to be able to face the world’ - and individuals had a precise knowledge of

each other’s routines and tended to behave in a manner so as not to contravene one

another’s ’spaces’ at such times. In the following extract a couple semi-seriously dis-

cuss their respective daily routines and the former makes (exaggeratedly) clear that he
orients his behaviour towards not contravening any of the latter’s routines;
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Such an example might be more over-stated than those found in other households,

but it was clear that across the sample of participants people took steps to co-ordinate

their activities in such a manner as to avoid problematising one another’s routine ac-

tivities and associated media uses. Of course there are numerous occasions when

contraventions of other’s routines are deliberately made but these are usually under-

taken with the specific intention of causing problems - a goal which is almost invaria-
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bly achieved in such cases! Such a strategy is successful precisely because individuals

are very attached to their own routine uses, and tend to be able to recount them quite
specifically, as in this example from members of one family;
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5 The Place of Technology within the Home

The configuration of the household and the technology within it reflects the daily

routines of those who inhabit and is also manipulated to facilitate and maintain them,

so it was common to see ’alternative’ televisions, stereos and even (in the case of the

one family) videos are provided to ensure that the routines of a number of individuals

can be interleaved as harmoniously as possible - for this not to be possible would

make homelife an intensely problematic state of affairs.
Of course in referring to the notion of ’routines’ we do not wish to imply that

householders live out a script day in and day out undertaking the very same activities

at precisely the same moment each day. Naturally this cannot be so given the contin-

gencies of everyday life - children are ill and have to stay at home, parents have to

work late, visitors drop by unexpectedly and the like - and of course householders

react to and these contingencies as a practical matter in order that life can continue

around them. Thus, exceptions to the household routine occasion new household

configurations and represent the ’public face’ of this configuration - for example one

family explained that they changed the sofa around to face away from the television

and towards the coffee table and other armchairs when visitors came by, a configura-

tion they considered to be ’much more sociable’;
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Furthermore technologies are perceived as having a legitimacy (or lack of it)

within this configuration as one family member stated;
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So for example, the television is rarely, if ever left on when guests arrive (it was

always switched off whenever the fieldworker visited a house, although videos were
often running in order to catch ’must see’ programmes), but the use of the HiFi is often

acceptable in these situations, and in a number of households the radio was left on

throughout the fieldworker’s visit.

The important thing to note when considering domestic technologies is that by and

large they become ’part of the furniture’ and very much absorbed into the fundamental

material fabric of each and every home, often in very different ways, but always so

that they become contextualised as ordinary, everyday elements of the home, to be

replaced or upgraded only when broken. They are perceived very much as there to be

at hand doing a basic job, and as long as they do that there is no need to think about

replacing them as another couple made clear;
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It is important to note here that such technological artefacts are seen very much as

’doing a fundamental’ job and that only the arrival of ’a new technology’ would con-

vince them to upgrade. The definition of ’new technology’ tended to be associated

with marked improvements in functionality, functionality that was deemed to offer

positive benefits to the household. Householders put forward ’scenarios of use’ when

considering new technology. This appears to be the means by which they evaluate the

potential contribution such technology might make to their life. In the following ex-
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tract one participant considers what it might be like to have a videophone in the house

to talk with members of her family that live abroad;
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Participants often used such scenarios in supporting or attacking arguments for the

purchase of new technology, with cases such as ’we’ll never have time to use it’, ’the

kids will be on it all the time’ and ’it’ll cost too much to run’ frequently put forward.

It is in these scenarios that participants appeared to be weighing up the likely bene-

fits of the technology under consideration against its draw backs within their everyday

lives, making clear the extent to which such technologies are ’made at home’ in the

day-to-day worlds of consumers and the notion of too much disruption of the house-

hold tended to be a very strong dissuading factor in such decisions.
It is to be noted then, as a corollary of such notions, that the success of the televi-

sion and its ubiquity in the nations households can be in no small measure due to its

ability to support a wide range of viewing regimes, imposing little or no obligations

on the household to mould to its requirements, but rather lending itself to and be-

coming resolutely intertwined with the routine scenarios of everyday existence, what-

ever they may be.

Indeed the presence of technology within the home is absorbed so completely into

the routine practice of homelife that it becomes yet another way in which those rou-

tines can be articulated. This much is evidenced by the fact that the control of access

to all media, but especially television is seen as an integral element of responsible

parenting, as one of the ways in which participants express appropriate control over

their children, and attempt to shape them into the ’right’ types of people.
Once again it is worth noting that the precise nature of ’the right type of person’ as-

pired to by parents in bringing up their offspring is highly idiosyncratic with such

idiosyncrasies reflected in the individualistic nature of the types of access control

undertaken by parents. Once again, though the television has become ’made at home’

in each household and is successfully subjected to these idiosyncratic regimes, mesh-

ing itself into the background of family life, to hand when required and out of the way

at other times.

6 The Co-ordination of Homelife

In considering our studies of homelife, domestic routine and the place of technology

within that routine and the actual fabric of the house, it became clear that living and

action is distributed throughout the home and the extent to which the functionality of

certain domestic technologies, so intimately connected with the routine activities

through which householders co-ordinate their activities. It is clearly important that

householders have the means to continue the routine activities to which they are ex-

tremely attached, and functionality is required of domestic technologies in order that

this might continue to be achieved. In addition it is worth noting that, to this end, the
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majority of households also had mobile or at least portable televisions and stereos in

order that their functionality could be distributed at will throughout the household.

It is clear that householders tend, as a matter of practical routine, to orient their ac-

tivities to those of others within the home - they are not simply free to do as they
please, and as a result the use of space and technology within the home is a finely

tuned equilibrium which, as we have seen, can be ’upset’, both deliberately and inad-

vertently. When this equilibrium breaks down, homelife becomes highly problematic

as the following extract from a visit to a single woman, as she explains why she de-

cided to live alone rather than continuing to have lodgers in the house.
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The configuration of the household and the technology within it tends to be flexi-

bly organised in order to enable householders to orient their activities towards those

of others and thus maintain the equilibrium. Thus, as we have seen throughout, certain

routines emerge by virtue of which certain spaces are seen as ’belonging’ to certain
individuals at certain points in time when they use certain pieces of technology as we

see from this following extract from a visit to one couple:
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Once again we do not wish to imply that all these sets of activities are scripted and

slavishly adhered to, of course the actions of others are interpreted in the light of
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whatever contingencies might arise and activities, routines, households and domestic

technologies are duly reconfigured to continue to afford coordination. Indeed here we
come to the nub of the matter, since the most successful of domestic technologies

interleave successfully with this social organisation and, in allowing users to establish

their own sets of usage practices - to organise themselves, as it were - can support a

range of uses in a range of household situations, allowing for the routine distribution

of action, interaction and associated technology use throughout the house.

7 Lessons for the Development of Cooperative Buildings

Even when technology is the environment - i.e. in the "roomware" of cooperative

building - this technology will still find its character and succeed or fail in the actions

of those making use of that technology. The need to allow systems to be adopted and

made of utility to users is not a particularly new lesson to those involved in the devel-

opment of interactive systems. For example, the need to attend to these details feature

regularly within the CSCW literature. However, in the case of realising future coop-

erative buildings the problem is amplified as the building must as part of its design

brief allow significant redesign in use as people literally design and realise their own

domestic environments.

The nature of our studies continually highlighted the situated nature of the every

activities within domestic environments. People undertook particular actions within

domestic environments often precisely because of the nature of these environments.

Houses did not offer a spare bedroom or the living room was a particular shape or the

house could not be further extended. Understanding the highly contextual nature of

these requirements means that we must look closely at developing an understanding

of the nature of activity within the context of the physical places it takes place in.
Understanding these activities and developing design guidelines requires an examina-

tion of the relationship between technology and space within cooperative buildings. In

this paper we have suggested that the use of ethnographic studies of environments

such as homes offers the possibility to develop a set of design guidelines for future

cooperative building developers.

In supporting the ability of the future inhabitants of domestic environments to

make best use of cooperative buildings the variability, diversity and distributed nature

of activities in the home must be realised. People undertake different activities

throughout the home based on their chosen use of the home and often exploit the

nature of space. Spaces are designed within peoples homes in order to support par-

ticular activities and the overloaded nature of domestic environments is such that
these spaces are seldom dedicated to single purposes. Rather they are actively recon-

figured and used at different times for different purposes. So a single room may at

different times move from being a study, to a playroom, to a guest bedroom, to a

games room, given the particular demands of those who inhabit the home. Future

cooperative building technology must seek to promote the use of technology as part of

the core aesthetic fabric of the environments. In doing so it is no longer enough to

think of the technology in cooperative buildings as the product of a design process
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rather we must consider it as been the tools of design for the environment itself as it is

inhabited and used.
In understanding the need to support the design of space within technologically

loaded buildings such as future domestic environments we must not overlook the

quality of the space and the role of technological artefacts in determining this quality.

The aesthetic quality of spaces are central to people defining an environment as their

own and the adoption of technology in defining this space is important. Televisions,

hi-fi and videos are all placed in particular locations to improve the aesthetics of

rooms, lighting is modified to set particular moods and often the exact nature of tech-

nology is determined by its fit to a particular style. In fact, in most of the homes we

studied a clear distinction existed between computers and other technology in the

home that was considered part of the furniture. The need to reconsider computer tech-

nology as an artefact with a clear and defined set of aesthetic properties emerges from

a consideration of computers as part of domestic environments and we would claim
this extends to any future consideration of computer systems in cooperative buildings.

As a final observation of our work we would like to emphasis the way in which

homes are made to work by the actions of those managing the activities within them.

Much of the skill of living successfully within environments is managing the daily

milieu of activities within the confines of the space available. The fact that a space

can be adopted and used for a variety of purposes is central to the ability of inhabi-

tants to interleave these different activities. A major issue in the development of more

sophisticated cooperative buildings is the placement of different technology within

the building. A particular dedicated functionality within a technological artefact often

attracts action into the space in which the technology is located. When a piece of

technology is bound to a particular space - i.e. is the space - this limits the use that can
be made of the space and can directly affect the ability of inhabitants to make the

building work for them. What this suggests is that in the development of cooperative

buildings we must be careful in the level of commitment we make in constructing

dedicated spaces. The higher the cost in modifying and rearranging the space the

more stresses it is likely to bring to those who inhabit it in undertaking their daily

routine activities. This stress is most prominent in the case of domestic environments

where the notion of dedicated purpose and function is less obvious than in ,for exam-

ple, control rooms. However, we believe the lesson is worth remember for any coop-

erative building open to use for a range of different purposes.
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