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Abstract
The concept design of small handheld electronic and telecommunication devices is a creative and
dynamic process. Interaction between the designers plays an important role in the creation of new
products. This thesis addresses the communication between product concept designers. The aim of
this thesis is to examine new ways of developing computer systems for remote collaboration.
Multiple research methods have been used so as to enrich the view of the research subject. Product
concept design has been studied in field studies and at co-located concept design workshops where
the object of design was uncertain. Co-located workshops were organised to examine the moment to
moment interaction between designers to discover how designers collaborate when designing a
design object in common. By applying the concepts of activity theory, the concept of instrument is
elaborated. Four types of instruments to mediate between a designer and the object of design and
collaborating designers are identified. These are the instruments used to externalize an understanding
of the design object, the concrete means of interaction, the future artefact and the hypothetical user
activity. The latter two make up the design object which designers' strive for, and can also be
instruments for scaffolding each other.
A conceptual model was developed to describe the design action and the instruments for
collaboration. This model was used to gain insight into the creation of computer support for remotely
collaborating designers by posing questions for computer systems design. To develop computer
systems to support designers in remote collaboration, an understanding of both the requirements set
by the field and the technological feasibility is needed. Three application prototypes are presented as
proof of the concept and as an experiment with virtual prototyping technology. The concept of design
action has been defined on the basis of activity theory. Computer-supported geographically
distributed workshops have been organised and analysed using the design action as an analytical tool
for the research material.
I conclude that, in order to support remote collaboration of concept designers, computer systems
should support collaborative construction of the object of design. Instruments, such as the future
artefact, its various representations and the conceptual construct of hypothetical user activity are
potential instruments for computation.

Keywords: concept design, activity theory, virtual prototype, virtual design workspace, instrument, remote collaboration, small handheld electronic devices
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1 Introduction
“Product development can be embellished quite strongly by the fact that we are from
different disciplines, so we have different opinions. Productivity and issues like that
are important to everyone, but sometimes we may have controversial opinions on
solutions. We may pull through some sort of crises too, in order to reach a
compromise. Very often, if we can keep to the point, good results come out of the
process. For the product.” An industrial designer in an interview during the field
studies.
How do product concept designers of small hand held electronics devices, e.g. mobile
telephones or heart rate monitors achieve a common understanding of the design object?
The perspectives of designers from different disciplines may be far from one each other
when a new product is created. The situation of interaction is a crucial point for the
product development process since the choices made will affect each stage from detailed
design to the future customer. Even the final success of the future product is linked to the
vision designers have in the early phases of design. In addition, designers face challenges
such as shorter time-to-market, or creating just the right product for the market (Moore
1991).
In the quest for faster product development cycles, professional alliances form where
the collaborating parties are geographically distributed. These parties may be in a single
company, or involve people from different organizations. Geographical distribution
introduces special needs for collaboration. Designers need to meet each other by
travelling, and they have to coordinate their efforts using technical facilities, telephones,
faxes, computers, or teleconferencing. Computers have the potential to support designers
in such collaboration. Modern computer networks allow cooperation all around the
world, almost invisibly, reducing the need for travel and thus speeding up the design
process.
This thesis focuses on how collaborating product concept designers transform their
understanding of a common design object in the design situation they are in, into
something that is externalized in gestures, embodied action, in drawings or pictures. By
finding out how the designers collaborate and interact it may be possible to create better
computational tools to support remote collaboration.
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A [product] concept is a description of the form, function, and features of the product
and is usually accompanied by a set of specifications, an analysis of competitive
products, and an economic justification of the project (Ulrich & Eppinger 1995).
Product development is usually understood as a phase based development process
having certain milestone requirements, which means the end of a phase and the start of
a new phase (Ulrich & Eppinger 1995).
Concept development is the first phase in the product development process. In the
concept development phase, the needs of the target market are identified, alternative
product concepts are generated, and a single concept is selected for further
development (Ulrich & Eppinger 1995, p. 9)
Concept design is the work done on a product concept by a team or a single designer
in the concept development phase.
Concept design consists of intensive collaboration work between designers, who strive
for and create a shared understanding of the artefact to be, in other words the product
concept. The future artefact and even the possible future use activity, hypothetical user
activity, are constructed by collaborating designers. The reason for this is that the user
activity referred to does not always exist. In the design process hypothetical user activity
is both a design object and an instrument to construct the future artefact. Moreover,
hypothetical user activity is ephemeral, in the sense that it appears during the discussion
of the future artefact, but only the representations of the future artefact survive the
process.
The first object of study in this thesis is collaborative concept design of small hand
held electronics and telecommunication products. Developing such a product requires
collaboration between designers from different disciplines, such as electronics, software,
mechanical, industrial and usability engineering. The interaction between these designers,
as well as the culture they exist in, affects how the future devices will eventually appear
(Brereton et al. 1996). Through interaction, designers share their visions and perspectives
of their vision of the future product. This interaction involves various means of
communication, for instance abstract and partial ideas are described using situational
resources in combination with gestures, drawings, or situational artefacts1. Whatever the
tools used, they are resources for situated action (Suchman 1987).
The second object of study is to find computational means to support concept
designers in synchronous collaboration over geographical distances. Contemporary
design of electronics and telecommunication products seldom occurs in one company, or
in the same location of a single company. Thus, it is often necessary to share ideas and
make decisions in collaboration between design teams at a distance. Due to the recent
developments in information technology, there are many possibilities to achieve this. For
instance, one can implement shared manufacturing services over the World Wide Web
(Erkes et al. 1996), use mediaspaces (Gaver et al. 1993), or video, audio, shared
1

Artifact (also artefact) is any object made by man, especially with a view to subsequent use
(Webster's 1996).
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whiteboards, and chat (Scrivener et al. 1993) for communication in design, share
applications during desktop conferencing (Mark et al. 1999), or use virtual environments
exploiting three dimensionality (3D) for information structuring (Büscher et al. 1999).
Furthermore, commercially available Computer Aided Design (CAD) applications
increasingly include features to support collaboration in proprietary applications
(Mahoney 1999, Potter 2000).
Since more and more tools are available, an optimist would claim that eventually
design will become a matter of organising work, instead of a problem of incapable
software and hardware techniques (Karsenty 1997). Until this happens, the pros and cons
of technical approaches have to be accepted. Karsenty (1997) suggests that, rather than
looking for a mix of technologies ensuring a ‘maximum shared environment’, decisionmakers should provide participants in remote collaboration with a limited set of tools
simply to ensure an ‘optimal shared environment’. But what would this optimal shared
environment be? Churchill and Bly (1999) point out that visually oriented media richness
is not a prerequisite to create sufficient social co-presence for maintaining a collaborative
relationship. Instead: “… Such social co-presence seems to reside in shared goals and
understandings which derive from conversations around a common focus.”(Churchill &
Bly 1999).
Thus, one could claim that the success of computer supported synchronous
collaboration is not necessarily dependent on the technology used. Systems of high
bandwidth, i.e. mediaspaces (Gaver et al. 1993) with video and audio connections, virtual
environments (Hindmarsh et al. 1998) or systems of lower bandwidth, such as the
example of a chat application by Churchill and Bly (1999) may or may not suit the
purpose of the collaboration.
The challenge of this thesis is twofold, firstly how to find the tools, or instruments,
that designers use in their collaboration to construct their design object in common. The
second challenge is to find out how these useful instruments can be conveyed to the
design of computer systems for remote collaboration.
A perspective based on activity theory provides for both the analysis of concept design
workshops and the design of computer systems. It forms a conceptual ‘bridge’ between
the two. By studying details of design action, I have identified the instruments to
externalize a personal vision, the concrete means of interaction, and the two sides of the
design object.
In order to succeed in computer systems design, it is important to take into
consideration the requirements the designers identify for their immediate work
environment, the technical feasibility of the applications, along with the conceptual
framework developed in this thesis. All these three factors guide us to an understanding
of how computational systems could be constructed. Three application prototypes are
presented as proof of the research outcome.
The applications, with an iterative application development in mind, were evaluated in
computer-supported collaborative workshops. The workshops used shared virtual
prototyping systems. Such technology was developed during the work, and the systems
were tested as part of a virtual design workspace between three remotely collaborating
parties. As a result it became clear that, in order to succeed, the computer systems should
support the dynamics of interaction, i.e. permit fast interchange between the different
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forms of communication and the instruments for collaborative construction of the design
object.

1.1 Research interest
This thesis focuses on the interaction between product concept designers during
collaborative concept design. The term ‘interaction’ has its origins in the physical
sciences, to describe a reciprocal action or influence, in social sciences it means
communication between persons (Suchman 1987, p. 6).
Interaction. In this thesis interaction means communication between concept designers
in order to share understanding of a product concept under design. During interaction
the designers influence each other’s views on the task in hand, while collaboratively
constructing a common design object.
Figure 1 depicts concept designers in a design situation, where three designers share a
common physical design space. Interaction can be conducted by talking, gesturing (Tang
1989), or by embodied action (Robertson 1997a).
Physical design workspace is the space where the designers reside (cf. Fig. 1).
Physical design workspace encompasses besides the room also the artefacts in the
room. An artefact may be used for reflecting the designers’ vision of the task and for
communication between designers.
Due to uncertainty about the design (Tuikka 1997, publication I), designers
collaboratively construct the design object through interaction. The design object and
design action are concepts based on conceptual framework of activity theory (Chapter
2.4):
Concept design activity is an activity motivated by a need to create a new product
concept. It is an activity involving a group of collaborating designers. Concept design
activity consists of several design actions.
The design object of concept design activity motivates the activity, i.e. such activity is
formed from a need for a new product concept, which then must be created through
design actions.
Design action. In design action the goal is to define a design object. Design action can
be identified by a tentative idea. Although, design action can be seen as a collaborative
action towards a common goal, it is an action by an individual designer.
In this thesis design action is an analytical tool to identify the means of interaction that
designers use in order to convey their understanding of the design object to the other
designers.
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Fig. 1. Concept designers participating in a concept design situation.

The dynamics of activity, as described by Leontjev (1978), means the dynamics on
three levels of activity that he defines as activity, action and operation. These levels
and their dynamics are presented in chapter 2.4.
Future artefact is the anticipated result of design action. It is the design artefact that is
constructed by the designers and it is the artefact that fulfills the expectations set for
the design object. (cf. Chapter 3)
Hypothetical user activity is a user activity that is constructed by the designers to
support their understanding of the design object. A characteristic of hypothetical user
activity is that it does not exist, but it is externalized by the designers in the design
situation. Hypothetical user activity is a design object as well, since it is designed in
the design situation. (cf. Chapter 3)
Moreover, activity theory has been suggested for the design of computer systems to
support collaborative work (Kuutti 1991), and attempts have been made to use activity
theory for computer systems design, (e.g., Bødker 1990, Bardram 1998). Chapter 2.4.3
presents more of these efforts and my position compared to that work.
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During the design situation, a design object can be represented in various ways, e.g. by
drawings or gestures. For instance, when a designer of a mobile phone designs the
mechanical structure of a future mobile phone, a small brick shaped artefact can be used
as a dimensional representation of the design object. Hence, a designer can look at the
artefact with the ‘mind’s eye’ (Ferguson 1997). Similarly, collaborating designers work
through a process where they interact in various ways to see what is in the ‘mind’s eye’
of the design group. The physical environment, i.e. the physical design of the workspace
constitutes the circumstances, where designers act and where the significance of
representations and actions is created (Suchman 1987).
Also personal memories of artefacts can be resources for the design situation.
Henderson (1999, p. 115) describes how the shape of a nine-foot kayak affected the
design of a small medical syringe. This specific memory is a personal one for a person
interested in kayaking. The memory, however, elicits a certain form for a design in a
situation where the designer is. The analogy of kayak and syringe is meaningful only at a
specific stage of the design process, depending on the discussion among design group
members. Physical resources, situational artefacts and personal memories can be regarded
as resources for situated action (Suchman 1987). When used in collaboration they
become instruments, to express the presenters’ vision.
Instrument. An instrument can be a psychological (cf. kayak), or a physical tool (any
artefact) that is used to understand an object. An instrument not only mediates
between collaborating subjects, but also supports subjects in collaborative construction
of an object. An instrument can easily be taken into use by subjects, i.e. it is
instrumental in a way that its use is integrated with the use of other instruments. When
a person presents his or her views a relationship with the artefact is formed.
Examples: A representation of a design object, such as a picture, or drawing can be
considered an instrument in the sense that it can be easily taken into use in a design
situation and pointed out by gestures, while the features of the object in the
representation are being discussed. A gesture, or embodied action can be an
instrument, when it is used in order to present a user activity.
The dynamics of interaction means that the subject, the designer, may move from
instrument to another. Instruments and moving between them is smoothly intermingled
during the design action. Gestures are pointed at drawings, situational artefacts are
used with embodied action, and narrated during the presentation.
This kind of dynamics indicates that, in order to succeed, the means designers use
must be flexible so that they are easy to pick up, and can be taken quickly into use. They
are instruments for the designers’ collaborative work. I have attempted to identify the
instruments and how they are used in collaborative construction. Consequently, the aim
has been to convey them to a computer systems design.
Collaborative construction in product concept design means that collaborating
designers construct on each other’s ideas, by adding suggestions, pointing out
constraints and making comments. It is work done towards understanding the design
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object in common. The design object does not yet exist but is being collaboratively
constructed.
Computational systems to support designers collaboration at a distance, can serve the
designers as a medium (Bødker 1990, p. 21) or a tool. As a medium computers can
convey any action a designer carries out related to another designer at a distance. For
instance, a computer-based video can deliver a direct picture between two physical design
workspaces or a shared drawing surface can be considered a medium. On the other hand,
computers can be seen as tools to construct an object in a virtual design workspace. A
CAD (Computer Aided Design) application can be seen as such a tool.
Based on the concepts of activity theory, I have designed a conceptual model to depict
the relationship between a designer and a design object, and the instruments that
designers use in their interaction (Chapter 4.2). Furthermore, to convey the analysis to
computer systems design I have been searching for a valid basis on which to discuss how
to design computer support for remote collaborative concept design.
For this purpose, I argue that a computer system must also serve collaborative
construction by providing support for instruments of collaboration. To support this, I
present a virtual design workspace as a design space that supports collaborative
designers’ working over distance (Chapters 2.3.4, 4.4 and 5).
A virtual design workspace is a common design workspace for geographically
distributed collaborating designers, which is created by using computer technology. A
virtual design workspace here means a computer-based system, which is an
experimental computational platform to mediate between geographically distributed
collaborating designers. A virtual design workspace also accepts the possibility of
combining physical elements with the computational systems, i.e. to create tangible
user interfaces (Brave et al. 1998).
A similar idea has been presented as a Virtual Design Studio by Mitchell (1995, p. 53).
As an experimental computer system, the design of a virtual design workspace confronts
the problem of what is essential in concept designers’ interaction and, consequently, what
should be included in the system. A conceptual model, based on the concepts of activity
theory, helps computer systems designers to find insight into, and support for, design
decisions (Macaulay et al. 2000). The aim is to shift insight in application development
from technological issues, or ad hoc solutions, to theoretically and empirically based
issues. Design choices and technological solutions can then be discussed above and
beyond the technological or situational constraints.
Designing novel computer systems is creative work as well, and the selection of
application features is not straightforward, but rather an issue of collaboration and
agreement. Therefore, my aim has not been to create normative statements about how to
design computer systems. Rather, I identify the situational requirements when developing
computer systems. Such a requirement could be, for instance, the need to use the World
Wide Web for facilitating designer-customer communication (Tuikka & Salmela 1998).
On a technical level, this thesis aims to create computer applications that exploit virtual
prototyping technology in computer support concurrent engineering for geographically
distributed concept design (Tuikka & Kuutti 1997).
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Three exemplary applications are presented in Chapter 4. These can be found also in
Tuikka and Salmela (1999) and Tuikka and Kuutti (2001). Both the interaction between
designers and the application solutions can be evaluated against the model of interaction
and that kind of evaluation is presented in chapter 5.

1.2 Research questions
This thesis examines what kind of computer support would satisfy the needs o f
geographically distributed collaboration of concept designers. To serve this aim three
research questions can be identified:
1. How do concept designers collaborate in concept design?
Question 1. can be further developed with the following questions:
1 a. In what kind of settings does concept design occur?
Two sample cases of how concept design activity takes place are discussed (Helander et
al. 2000). As a result, these sample cases are used to define the actors in concept design
activity over geographical and organisational boundaries, and how collaboration evolves
among subcontractors and customers. Small and medium-sized design companies have
been the focus of study. (Chapter 3.1.1)
One part of the concept design activity was co-located at concept design meetings. A
characteristic of such meetings, as a setting, is that new ideas and representations of them
are created during the concept design process. (Chapter 3.1.2)
1 b. What is the object of design in concept designers’ interaction?
In order to study how interaction occurs between designers, the object of design in
concept design workshops is defined within the conceptual framework of activity theory.
The outcome of this work is presented and discussed in Chapters 2.3.2, resulting in an
understanding of the object of design and instruments of design action set out in Chapters
3.2 and 3.3.
2. What issues should be taken into consideration when designing computer systems to
support geographically distributed synchronous concept design?
This thesis aims at finding a theoretically based approach to design computer support for
collaborative designers’ interaction in design workshops at a geographical distance.
Question 2 can be further developed with the following questions:
2 a. How do we convey an understanding of concept design action into computer
systems design?
According to the concepts of activity theory, I chose to develop a conceptual model to
represent the instruments used in interaction between concept designers. The model has
been developed to take field research into defining features of current computer systems.
2 b. What kind of ideas can be generated for computer systems design?
The next step is to show how the chosen conceptual framework works in practice with
regard to computer systems design. Three demonstration applications are presented as
proof of the concepts, implemented within the constraints of computer technology.
3 . What experience can be identified when observing geographically distributed
computer supported concept design situations?
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According to Engeström (1987, p. 11) any theoretical investigation moving on the level
of categories, has to bring the categories developed into meaningful contact with the
practice. Therefore, geographically distributed concept design workshops using computer
technology for collaboration at a distance were organised and observed. I will concentrate
only on one aspect in my analysis of the workshops, i.e. the collaborative construction of
the design object in the design action (Chapters 2.3.4 and 5). The situations described
serve the iterative design and implementation of virtual design workspace applications.

1.3 Related research
Related research can be found in the fields of Virtual Prototyping, Design Research, and
Computer Supported Cooperative Work. My aim is not to go through these fields
exhaustively, but to present selected and the most relevant issues, as a background for this
thesis.
I will present related research by discussing first the technological approaches in
virtual prototyping, and establishing a need for an understanding of designers’ interaction
in concept design. Since the focus is on concept design, my approach is specifically
related to studies in design research. Research on the design of computer systems for
collaborative design is similarly presented.

1.3.1 Virtual prototyping and virtual prototypes
Virtual prototyping is a technically oriented research area where heterogeneous
applications and user interface techniques are exploited to achieve technical solutions in a
selected domain. Virtual prototyping applications cover a wide range from military
simulations, product development to the civil aviation industry (Barfield & Furness III
1995). In this thesis the focus is on virtual prototyping in the electronics and
telecommunications industry, i.e. the producers of small electronics devices, as a domain.
According to Barfield and Furness III (1995, p. 10) the following three reasons have
been motivating research into virtual prototypes: 1) virtual prototyping reduces the need
for costly and time-consuming physical mock-ups: 2) engineering analysis will become
more efficient as the results of simulations are integrated into virtual prototypes: 3)
operational simulations will permit the direct involvement of humans in performance and
ergonomic studies. These reasons should be considered as promises of the technology,
which will require more research to convert the benefits of virtual prototyping into
reality.
Virtual prototyping or virtual reality prototyping can be regarded as work done on
product design, using specific virtual prototype technology. Virtual reality
prototyping has been defined by Kerttula (1999, p. 27) as a process in which a
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product or a product concept, its behaviour and usage are simulated as realistically
as possible using computer models and virtual reality techniques.
Virtual prototype or virtual reality prototype is a simulation of a target object,
which aims at an adequate degree of realism that is comparable with the physical
and logical functionality and the appearance of the possible real object, and that is
achieved by combining different simulation models and virtual reality techniques.
Kerttula (1999, p. 27) Virtual prototype represents a future product as two or three
dimensional (3D) computational models.
Shared virtual prototypes can be distributed to collaborative design partners and
used both asynchronously and synchronously.
A potential strength of the virtual prototype technology for product designers lies with the
virtual interface. Virtual prototyping applications may combine user interface techniques,
such as in a dataglove (Vince 1998, p. 16) or a head mounted display (HMD) (Vince
1998, p. 84).
Virtual interface is a system of transducers, signal processors, computer hardware
and software that create an interactive medium through which; 1) information is
conveyed to the senses in the form of three-dimensional virtual images, tactile and
kinesthetic feedback, and spatialized sound and, 2) the psychomotor and
physiological behavior of the user is monitored and used to manipulate the virtual
environment. The term interface is defined as the technology that goes between the
human and the functional elements of a machine. (Barfield & Furness III 1995, p.
2).
In Oulu, research on virtual prototyping started in 1996 involving two research institutes;
the University of Oulu and VTT Electronics.
The aim of the VTT Electronics’ research has been the same as ours at the University
of Oulu: namely, to study how the design of small handheld electronic products could
benefit from virtual prototyping technology (Pulli et al. 1996a, Pulli et al. 1996b).
However, VTT Electronics started by focusing on centralised virtual reality prototyping
(Kerttula 1999, p. 29).
An example of this centralised approach is the VRP2 system, a virtual reality
prototyping system built during 1996 to 1999. Salmela and Anttila (1997) present a VRP
environment, which integrates a haptic feedback system and a three-dimensional user
interface with functional virtual prototypes. This virtual interface is featured in Figure 2.

2

VRP, abbreviation of Virtual Reality Prototyping, an in-house project of a similar name was
conducted at VTT Electronics to develop virtual prototyping systems.
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Virtual prototype

Head tracker

Haptic device

Fig. 2. A ‘VRP environment’ with a mobile phone virtual prototype. A haptic device above
the keyboard, a head tracker above the monitor, a tracker for objects in the environment
above the computer, stereoscopic viewing glasses (dataglove not in the picture). The picture is
adapted from Kerttula and coworkers (1997b).

The VRP environment has a virtual interface that combines user interfaces, digital
modelling, and simulation in a pioneering way. The visual and auditory rendering of the
virtual prototype of a mobile telephone is performed at a workstation. With a stereoscopic
system the user can see the virtual prototype as a three dimensional image floating in
front of the monitor screen. An object-tracking device allows the system to track down
the physical objects. (Kerttula et al. 1997a).
My group at the University of Oulu has focused on how shared virtual prototypingtechnique could serve as a means for communication through the Internet (Kerttula
1999). Concurrently with this work, VTT Electronics developed a smart virtual
prototype-technique for product simulation purposes (Salmela & Tuikka 1999, Salmela &
Kyllönen 2000). A smart virtual prototyping-technique is an application framework for
virtual prototyping applications on the WWW. In 1998, these two techniques were
combined in order to demonstrate a software architecture for shared virtual prototyping
and presented in Tuikka and Salmela (1999, publication IV).
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Virtual interfaces of technically advanced systems for virtual prototyping are generally
prototypical and not widely used in practice. For instance, Ellis (1995) presents a seethrough, head-mounted, virtual image, stereoscopic display that allows a user to interact
with virtual objects synthesized by computer graphics, which are superimposed in their
field of vision. Although it was state of the art in 1995, the system exploits a cumbersome
helmet system to provide a superimposed image for the user.
Weyrich and Drews (1999) present a ‘virtual workbench’ and its application to virtual
manufacturing. The virtual workbench was created to illustrate the potential of
multimedia to industries by giving an innovative impact and opening the way for virtual
prototyping for future industrial applications. The ‘virtual workbench’ is a drawingboard
under which virtual objects are projected stereoscopically. The user can watch the 3D
scene holographically by using 3D glasses and can interact with the system through a 6D
(six degree of freedom) input device. The system allows us to study virtual prototype
mock-ups of new products, machines and production processes in the interactive graphic
simulation. For instance, a simulation of a factory could be the taken as design target.
The design paradigm behind the ‘virtual workbench’ system is to provide a manmachine interface for ‘fully interactive environment’ for planning and testing of products
and manufacturing facilities. While the virtual workbench presents many innovative
technologies and technical solutions, Weyrich and Drews (1999) do not discuss how the
system can be adapted by the users. For that reason, I think that an interesting evaluation
of their work is missing. The needs of product designers, however, lead them to
acknowledge that the link to commercial CAD systems is a challenge they plan to deal
with in the future.
Virtual prototypes can also be positioned in a virtual environment. These virtual
prototyping systems are usually referred to as virtual reality systems, involving virtual
prototypes as part of their environment. Kremer (1998) presents virtual reality tools for
design reviews. This VR environment and its tools are used to present consumer
products, and industrial machines. The size of the virtual products also requires human
modelling in order to understand the scaling of products. Kremer (1998) states that virtual
environments can be developed in a way that all work can be done there without having
to leave the environment. He leaves the evaluation of the benefits to the future, and states
that the next generation of interfaces in CAD-related virtual environments could be used
for design reviews and product configuration.
The purpose of prototypical systems is to demonstrate the future possibilities with
technology rather than to provide immediate solutions for current problems. While these
far-reaching technological challenges of prototypical systems are interesting, another way
to construct virtual prototyping systems is to start designing from currently existing
technology and gradually improve the application. Vince (1998, p. 120) presents the
potential of virtual prototypes for design and engineering as a step from CAD systems to
using virtual reality (VR) systems. These VR systems would be able to confirm a design
before a physical device is built. Several approaches to interact with the virtual prototype
—in that case an aircraft engine— are listed: a head-mounted display, an interactive
dataglove, with inbuilt collision detection. Unfortunately, only the requirements for the
solutions are presented, and there is no evaluation of the usability of such systems, or
comments on its usefulness in design work.

25
Recent research using the Internet and WWW is another way to create virtual
prototyping systems. VRML (Parisi 1998), a technique for WWW based virtual reality,
has especially raised interest in new network applications, games, virtual cities, or ecommerce which exploit virtual models (Dauner et al. 1998). Typically virtual prototypes
are created in a combination of VRML and Java programming language (Brutzman
1998).
Lombeyda and Regli (1999) suggest using virtual prototypes to support a case-based
design of mechatronic assemblies. Their environment called CUP (Conceptual
Understanding and Prototyping) is based on CAD data. Users of CUP need CAD
capabilities to create designs, and embed characteristics of structure-behaviour-function.
Conceptual designs of mechatronic systems (automatic cameras, miniature disk drives
etc.), electro-mechanical systems that combine electronics and information technology
can be created to form both functional interaction and spatial integration in components,
modules, products, and systems. CUP allows a designer to quickly sketch out the major
components and structural relationships in the assembly. This conceptual design can then
be used as a starting point for further refinement or as a query for the design knowledge
base. CUP takes advantage of 3D VRML-based environment for collaborative interaction
and work. Furthermore, CUP uses network communication protocols to create a multiuser environment.
The technical basis of Lombeyda and Regli’s work (1999) has some resemblance to
the work of my research group at the University of Oulu (cf. Chapter 4.3). They similarly
use CAD as a start for virtual prototype construction, and they use the WWW for virtual
prototype presentation and distribution. The idea of using the CUP system for case-based
reasoning has certain potential for successful usage of the system. Moreover, the use of
the WWW means the virtual prototypes can be shared and it would be possible to develop
application services to support synchronous collaboration. Lombeyda and Regli (1999)
do not, however, present any evaluation of the use of the system.
Besides some general requirements, such as a need to share a viewpoint, or a need to
support reasoning, there is no coherent understanding of why and what kind of virtual
interfaces should be used for interaction with virtual prototyping or virtual reality systems
(Bekker et al. 1995). Furthermore, the interaction between actors using virtual
environments for collaborative purposes is overlooked. That makes one suspect that these
systems would face problems when they finally reach their users.
Barfield and Furness III (1995) share the concern about human and machine
relationship:
“New technologies involving direct input of spatial information and use of speech
show great promise, but still do not solve some of the fundamental issues of how to
build a symbiotic relationship between the human and the machine such that it truly
becomes a tool to extend our intellectual reach.” (Barfield & Furness III 1995).
Although the remark about a symbiotic relationship between the human and the
machine is somewhat exaggerated, I agree that it is necessary to study the fundamental
issues of the relationship between the human and the machine. Hence, the remark about a
machine as a tool to extend intellectual reach deserves more investigation and leads us to
the question: what is intellect in the first place? Apparently, controversial approaches are
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needed in order to understand what intelligence is, and how to extend or augment (Biocca
1996) it through virtual interfaces.
According to Biocca (1996), the psychological reality of VR is what matters in the
final analysis. Many design principles are based on implicit or explicit psychological
postulates and hypotheses. Biocca (1996) discusses some of the key hypotheses that
appear to drive the design of VR. One of them is the amplification of interpersonal
communication hypothesis: humans will be able to express and receive a broader range of
human emotion, intention, and ideation. He recognizes the problem of augmenting a
human intelligence there:
“The primary goal in this area has been telepresence, the attempt to reproduce most of
the cues found in interpersonal communication” … “This goal, if achieved, would do
nothing more than reproduce any common face-to-face interaction. This is no small
achievement. It involves the transportation of the sensorimotor channels. But it is hard
to see how simply recreating an everyday interpersonal interaction could augment
human intelligence.” (Biocca 1996).
Augmenting human intelligence by recreating interpersonal interaction is not a point
with VR as a medium between persons, as Biocca (1996) already suspects. The key is to
ask, I believe, how interaction occurs and what makes us, together, intelligent. After such
an understanding it is possible to discuss the role of VR and virtual prototyping systems
again, e.g. should the systems recreate an everyday interpersonal interaction or not?

1.3.2 Perspectives on design
The research discussed in this chapter deals with design as a reflection in action and as a
social process. By introducing these, my aim is to describe some noteworthy opinions on
the collaboration of designers. Schön’s (1983) work especially has directly affected the
design of some computer systems (Chapter 1.3.3). Process-oriented educational literature
(cf. Bucciarelli 1994, p. 112) on product development is set out, since overall processes
are meant to provide a general understanding of work activities during product
development.
The problem with design as a research object is that it is difficult to study. It is difficult
to study a single designer, and to find out what it is that the designer does. Moreover,
design as social interaction is rather fractional in so far as a researcher cannot be
everywhere at the same time. This chapter presents approaches which, while studying
design, tackle these problems.

1.3.2.1 Reflection in action
Rittel and Webber (1973) say that a problem understanding and problem resolution are
concomitant to each other and for a wicked problem, as design problems are, solutions
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are created ahead of time. For that reason, it is worth examining further what the design
situation is. My interpretation of this is that the design situation provides an opportunity
to understanding the problem and anticipate the future in the situation of design.
According to Schön (1983, p. 49), “our knowing is ordinarily tacit, implicit in our
patterns of action and in our feel for the stuff with which we are dealing. It seems right to
say that our knowing is in our action.” Distinctive to this tacit knowing (Polanyi 1967) is
that it is difficult to describe: we can recognize the moods of the human face, without
being able to tell, except quite vaguely, by what signs we know of them (Polanyi 1967, p.
12).
On the one hand, knowing in action is the characteristic mode of ordinary practical
knowledge, as Schön (1983, p. 54) points out but, on the other hand, “not only we can
think about doing but that we can think about doing something while doing it”. This is
what Schön (1983, p. 54) labels as ‘reflection-in-action’.
This concept encompasses the element of surprise:
“When the phenomenon at hand eludes the ordinary categories of knowledge-inpractice, presenting itself as unique or unstable, the practitioner may surface and
criticize his initial understanding of the phenomenon, construct a new description of it,
and test the new description by an on-the-spot experiment.” (Schön 1983, p. 63).
Schön (1983, p. 68) refers to a person reflecting in action as a researcher in the
practice context:
“He is not dependent on the categories of established theory and technique, but
constructs a new theory of the unique case. His inquiry is not limited to a deliberation
about means which depends on a prior agreement about ends. He does not keep means
and ends separate, but defines them interactively as he frames a problematic situation.
He does not separate thinking of doing, ratiocinating his way to a decision which he
must later convert to action. Because his experimenting is a kind of action,
implementation is built into his inquiry.” (Schön 1983, p. 68).
Understanding design as reflection-in-action is a step forward from technical
rationality. The scientific principles, or methods to design exist but, in addition to that,
the professional practice is regarded as dealing with unique situations in hand.
In order to study reflection-in-action Schön (1983) examines the interaction in tutorstudent relationship in architectural design. The premise is that by attending to the
practitioner's ‘reflection-in-action’, it is possible to discover a fundamental structure of
professional inquiry. Thus, he chooses to study people who have to externalize thought,
rather than observing a single designer in the office. For the same reason, in this thesis
designers are studied in concept design workshops. In order to share a personal vision,
designers must find ways to externalize what they have in mind. However, I have also
been interested in collaborating designers who are from different disciplines and when
externalizing what is on their mind they must do it in a form which others can
understand.
Schön (1983) perceives design as ‘making’, pointing out that artefacts and materials in
transaction with designers are important in design practice. Design is expressed in an
environment where materials are used and artefacts made.
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“Designing is not primarily a form of problem solving, information processing, or
search, but a kind of making. On this view, design knowledge and reasoning are
expressed in designers’ transactions with materials, artifacts made, conditions under
which they are made, and a manner of making.” (Schön 1983).
Design as making can be seen from the individual designers point of view, i.e. as a
reciprocal process between a single designer and the material. The unique situation
determines then the designers’ course of action. Representations usually result from this
making: “A designer makes things. Sometimes he makes the final product; more often, he
makes a representation—a plan, program, or image—of an artifact to be constructed by
others.” (Schön 1983, p. 79).
In a tutor-student collaboration, Schön (1983, p. 80) points to the drawing and talking
of the tutor as parallel ways of designing, and calls them the language of designing. It is
important to notice that the verbal and non-verbal dimensions are closely connected. The
language of designing is a language of doing architecture, he notes.
The alternatives of the design depend on the variables given in the design situation.
Some variables in the example of architecture can be, e.g. how buildings are located on a
particular terrain, or how roof shades natural light and so on, issues from general to detail
are reflected at the same time. It is also apparent that the users of the building, i.e. kids in
the school, are important when designing, as shown in the following quotes of the
architect:“ ‘…which is maximum size for a kid’, ’carry the gallery through and look
down in to here, which is nice’.” (Schön 1983, p. 96) Furthermore, twelve normative
domains of designs are discussed, with examples from the design protocol for instance,
precedents – i.e. references to other kinds of buildings – and representations – i.e.
languages and notations by which elements of other domains are represented.
Schön (1983, p. 141) describes reflection in action as on-the-spot experimenting. I will
not go into details on the different kinds of experimenting but, instead, point out its
relation to designing. One approach to on-the-spot experimenting is hypothesis-testing,
where the role of the tutor to the situation is transactional. He shapes the situation, but in
conversation with it, so that his own models and appreciations are also shaped by the
situation (Schön 1983, p. 151). In product concept design, which is the focus of this
thesis, the professional inquiry zooms in on the collaboration. This means constant onthe-spot experimenting, hypothesis testing, and reflection-in-action for every participant
in the design situation. The conversation with the situation occurs by reflecting on
precedents, finding common issues to refer to and searching for common vocabulary.
Schön (1983, p. 157) describes the virtual world as where the situations are not the
real thing. It is a virtual world of experimentation which can occur by drawing or talk. It
should be borne in mind that his virtual world does not refer to the computer, but is a
larger concept that encompasses the computer as a medium. Virtual worlds are contexts
for experiment within which practitioners can suspend or control some of the everyday
impediments to rigorous reflection-in-action (Schön 1983, p. 162).
The above points present issues which I want to further clarify in a discussion about
the interaction in concept design. Design can be seen as a design situation, where
collaborative designers reflect in their action in a virtual world. Moreover, designers
produce representations during the process for reflection on action and communication
with others. The future orientation of design, the notion of ahead of time by Rittel &
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Webber (1973) is equally important. Thinking ahead of time requires experimenting with
ideas.
At this point I want to introduce how product designers focus on ‘the user’ in their
communication. Sharrock and Anderson (1994) focus on some of the ways in which
standardised modes of talk about ‘the user’ enabled designers to confront and manage the
interdependence of designers’ tacit knowledge and cultural experience and the
particularities of a certain design problem as part of the actual course of design reasoning.
The user came to be a ‘scenic feature’ of the design space and its delimitation:
“In this sense, then, ‘the user’ figured in the collaborative reasoning of designers and
played a role in the reciprocal persuasion through which the internal configuration of
the design space was (in part) constructed…” (Sharrock & Anderson 1994.)
Users were not participants in the design activities, which Sharrock and Anderson
(1994) observed. It would have been possible to consult them however, only they were
not deemed necessary or relevant for the work in hand. In that case, formulating the
questions to be asked, extracting the information and processing it so that it would be
useful at this stage of design is impractical given the constraints within which the design
teams were working.
‘The user’ as a ‘scenic feature’ was treated as significant and sometimes even decisive
for what users would want, what they might do, or what they would be willing to accept.
The user as an element in a design world consisted of ‘what any reasonable designer
would say’ in terms of ‘what reasonable considerations should be in play’. Putting it
another way, ‘the user’ is a designer’s object, a construction which is effective only in so
far as it conforms to what all reasonable participants might be. (Sharrock & Anderson
1994).
I think Sharrock and Anderson (1994) are quite right here. The user as a scenic view
has an important part in product designers’ communication. Consequently, it may affect
how a concept is formed, i.e. the view of the user is linked to the view of the concept.
This thesis in particular focuses on the collaborative anticipation of a concept. However, I
will expand and explain the idea of user as a scenic feature for collaborative designers, on
the basis that it is not the user but the future user activity that is interesting for the
designers. Specific to this hypothetical user activity is that it does not exist when the
design is done, but it is created by the designers ahead of time. During the design
situation it is part of the virtual world, in Schön’s terminology, for the concept designers.

1.3.2.2 Interaction in the social process of design
In his book “Designing engineers”, Bucciarelli (1994) describes the ethnographical
studies of design in an elaborate discussion of the use of methodology and daily
considerations when carrying out his research. It is evident from his presentation, that for
a researcher it is a challenge to delineate what happens in a design team, let alone a whole
company, where designers from different disciplines collaborate to produce a new
concept. He focuses on both the object and the process of design: the object as the
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embodiment of the way participants understand how things work, the process as the way
they go about designing (Bucciarelli 1994, p. 2). The design process Bucciarelli (1994)
refers to is the detailed daily interaction of designers, described in sequences from design
with a study of how designers make things happen.
He points out that the object, the artefact becomes an icon in the design process:
“It is the fixation on the physics of a device that promotes the object as an icon in the
design process. For while different participants in design have different interests,
different responsibilities and different technical specialties, it is the object as they see
and work with it that patterns their thought and practice, not just when they must
engage the physics of the device but throughout the entire design process, permeating
all exchange and discourse within the subculture of the firm. This way of thinking is
so prevalent within contemporary design that I have given it a label—“object-world”
thinking...” (Bucciarelli 1994, p. 4).
Object worlds are personal worlds, they derive from an individual’s schooling in a
discipline, are tempered and shaped further by an individual’s work experience, his or her
background (Bucciarelli 1994, p. 81). The object is also constructed, and contested in the
sense that it has more than one explanation of its behavior, and more than one analysis of
its behavior is possible and meaningful (Bucciarelli 1994, p. 71).
In contrast to the ideal image of design, as an instrumental process according to which
participants claim to work, he wants to distinguish the way designers actually do their
work which is full of uncertainty and ambiguity. In this way, design is considered as an
intrinsically social process including collaborative innovation, negotiation, and learning
together. In the simplest terms, design is the intersection of different object worlds. No
one dictates the form of the artefact. Moreover, seeing participants in design work within
a rich multidimensional environment reaches well beyond the narrow confines of their
own object worlds (Bucciarelli 1994, p. 149).
Bucciarelli (1994, p. 123) emphasizes the uncertainty and creativity of the design
process. In every design task there is an opportunity for creative work, for venturing into
the unknown with a variation untried before, and for challenging a constraint or
assumption. Talk based on uncertainty and tentativeness intrinsically encompasses
visions of future:
“There is considerable uncertainty and tentativeness about these things; the talk is
about how a photovoltaic array of this or that size might work, how much it might
cost, when it might be delivered, which one should be chosen. Technology defined lies
off somewhere in the future.” (Bucciarelli 1994, p. 50).
Due to tentativeness it may be necessary to create even the customer’s needs
(Bucciarelli 1994, p. 149).
In time, from uncertain beginnings, designers develop a shared vision of the artefact.
However, the shared vision, as some synthetic representation of the artefact as a whole, is
not in documents or written plans. It is a social construction—dynamic, plastic, given
nuance and new meaning at each informal gathering of two and three in a hallway or at a
formal meeting such as scheduled design reviews. (Bucciarelli 1994, p. 159, p. 187.) It is
not necessary that all participants share the same vision of the design even when the
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consensus is achieved and even when the artifact has been realized in hardware
(Bucciarelli 1994, p. 179).
Although, Bucciarelli (1994) does not study concept design, but engineering design
when the early phases of concept have been already set, I do subscribe to some of his
points. The social process of design is what I want to study too, recognizing that the
object world exists, but discussing how the artefact emerges from the social process of
design. Uncertainty (Tuikka 1997, publication I) and tentativeness (Tuikka & Kuutti
2000, publication VI) are part of concept design too, where the vision of future user
action is created by the designers (Tuikka 2001, publication VII).
While Bucciarelli (1994, p. 32) is worried about whether he has access to all the
significant data, my focus is to study the interaction of designers engaged in a workspace
activity. For this reason, I do not have to consider all the existing connections of a
designer group. Everything occurring in the design situation in a workspace activity for
the purpose of conveying a design vision is significant to my focus.
In order to start unravelling the interaction in concept design, I want to move from
engineering design in general to discuss research on workspace activity. Tang (1989)
observes what participants of conceptual design activity, as he calls it, actually do. Tang
(1989) argues that workspace activity is an observable aspect of group work that is a
likely candidate for support by advanced technology. In workspace activity, designers are
in a shared work environment, e.g. a meeting room. The motivation for understanding
designers workspace activity is to use the gained understanding for the development of
supporting tools. Hence, Tang is more structured in his discussion on design compared to
Bucciarelli (1994), or Schön (1983). Since my thesis aims to identify computer support
for concept design, Tang’s work deserves attention.
Tang’s (1989, p. 1) focus is on the use of shared workspaces by teams and refers to
actions in workspace: listing, drawing, and gesturing. He draws a distinction observing
expressions of ideas from ideas. The latter are not considered as observable entities. I
agree with this point of view if ideas are considered as thoughts. The ideas become
observable when collaborating designers must convey a vision to others. Consequently,
the means to do this in the workspace, such as listing, drawing and gesturing, provide
opportunities to facilitate or enhance the workspace activity with technology. Especially,
when considering shared workspaces that support remote collaboration (Tang 1989, p. 4).
Besides actions, also the dimension of functions is identified. The functions indicate
what purpose the activity effectively accomplishes: storing information, expressing ideas,
or mediating interaction (Tang 1989, p. 65). Thus, for every action a function exists. He
recognizes that, despite the clean appearance of the framework, there is a complex
interaction among these actions and functions in real shared workspace activity (Tang
1989, p. 66).
What I want to address in his work is the framework he has, by pointing out the
gesture action. He observes that gestures are a significant feature of workspace activity
and that the workspace is a key area for developing ideas and for mediating collaboration
which go beyond a conventional view of workspace activity (ibid. p.79). In the analysis
Tang (1989, p. 69) admits, that he finds gestures difficult to classify, and discusses that it
is problematic to identify intention when analysing gestures and motions:
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“Gesture actions are more difficult to classify. They are defined as purposeful, or
intentional, body movements that communicate specific information. For practical
reasons, this excludes the motions and incidental gestures that naturally accompany
human dialog. Admittedly, it is difficult to distinguish gestures that are purposeful
from body movements that are not. However, the main point is to include gestures as
significant workspace actions, without getting bogged down with every body motion
made in the design session.” (Tang 1989, p. 69).
Apparently, observing gestures as significant actions is difficult, i.e. what gestures to
look for in the first place. He does say that participants did not experience any problems
in remembering gestures and the information communicated by them and proving that
gestures are important all along the conceptual design (ibid. p. 80).
I agree with this, gestures are an inherent part of the workspace of concept designers.
An interesting question for me has been then what makes the gestures, or any other
workspace action for that matter, so important and what do the designers actually
remember and convey by gesturing. In mediating interaction, a gesture does convey an
idea and it is my a priori belief that gestures are the substance that are used to construct
something more, an idea for instance. And it is the idea, i.e. the information
communicated by them which is later remembered, not a specific gesture.
The attribute of gesture can lead to speculation about how computational tools could
possibly record and document them. But why talk about gestures, or where they are used
such as for design (Bekker et al. 1995), why not talk about what a gesture conveys?
This thesis attempts to study what a design action encompasses. The aim is to connect
the action with the intention of design. The actions presented by Tang (1989) are design
actions, but the level they are presented at do not allow discussion of why gestures are
expressed, what is the goal of design when a gesture is made.
Tang’s presentation stops when the interesting part would start, i.e. how to put the
requirements he generates into practice. Later such attempts are reported in Tang and
Minneman (1991), Tang and coworkers (1994).
In this thesis two similar concept design workshop (or conceptual design workspace
activity in Tang’s words) settings are studied: first one occurring in the same physical
space, and the other is spatially distributed and facilitated by a computer system.

1.3.3 Computer support for design
Research fields such as Computer Supported Cooperative Work (CSCW), Human
Computer Interface (HCI), and Design Research, present research aimed at understanding
design in order to develop computational support. In general, CSCW is a research field,
which should be regarded as an endeavour to understand the nature and requirements of
cooperative work with the objective of designing computer-based technologies for
cooperative work arrangements (Schmidt & Bannon 1992). Thus, by definition, CSCW
can provide insight on how to convey the understanding of a domain into computer
systems design. HCI research is human computer interface oriented, but similar concerns
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can be found in HCI publications. Design research involves studies of interaction
between designers and uses of computer-based technology in design.
A large number of in-depth empirical studies on engineering and design have been
carried out within the CSCW community. Carstensen & Schmidt (2000) list the following
work: (Anderson et al. 1993, Carstensen et al. 1995, Button & Sharrock 1996, Carstensen
& Sørensen 1996, Grinter 1996, Potts & Catledge 1996, Robertson 1996, Grinter 1997,
Robertson 1997a, Tellioglu & Wagner 1997). The focus in them is on the process of
design, coordination mechanisms, i.e. the means to reduce the complexity of
collaboration, such as the forms for supporting software testing or engineering processes.
In general, the focus of CSCW in design and engineering has been to study coordination
in the design process, where most benefits of CSCW have been seen (Schmidt 1998).
In contrast this thesis is about the early stage of design, which is the stage where the
design object is shaped and visions of collaborating parties are conveyed in various
means. Furthermore, the focus is on computer systems supporting synchronous
collaboration over geographical distance.
Concept design is an activity where both general purpose CSCW systems can be used,
and systems that are specifically developed to support design. General purpose CSCW
systems can be defined as those systems which can be used to support any kind of
collaboration. Hence, these systems can be adjusted for the purpose of design as well as
any other meeting between geographically distributed locations. Some of these
applications have been experimented with in design situations (Scrivener et al. 1993).
Shared display facilities, (Ishii 1990, Ishii & Miyake 1991, Ishii et al. 1993, Ishii et al.
1994), and video used to support collaborative drawing (Tang & Minneman 1991) are
examples of systems which combine video with other means of collaboration, such as
drawing on a shared space or gesturing and pointing to a common object in the shared
space. Multi-user drawing tools can be used in design work (Minneman & Bly 1991) as
well as text based chat or collaborative text editors. These tools can be combined with
other tools (Moran et al. 1996). Tang and coworkers (1994) present ‘the Montage
prototype’ providing lightweight audio-video glances between distributed collaborators.
Xerox’s RAVE system establishes a media space integrating video and audio technology
with network technology so that face-to-face communication can be supported although
the actors are distributed in space (Gaver et al. 1992).
Support for design rationale (Conklin & Begeman 1988, Ackerman & Malone 1990,
Johnson 1992, Reeves & Shipman 1992) has been mentioned as being important by the
designers I have been working with. At this point of virtual prototyping systems
development, however, my aim has not been to design or discuss support for design
rationale. Apparently, applications implementing design rationale can provide insight for
further development of shared virtual prototyping systems.
The aim in this thesis is not to create new media space or collaborative drawing tools,
but rather to try out existing tools to support remote collaboration. The reason for this is
that every experimented tool should be easily available for small and medium sized
enterprises. Consequently, it is the collaboration that occurs using these tools which is
interesting, not the tool per se. Video, chat and collaborative drawing applications are part
of the virtual design workspace, where emerging product concepts are represented (cf.
Chapter 5). Synchronous shared virtual prototyping is the technology that is being
developed particularly. Thus, the future choices for that technology are being evaluated.
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One of the future choices is the use of WWW as a basis for synchronous shared virtual
prototyping. Synchronous collaboration over the World Wide Web has not been a major
issue in CSCW research, but applications implementing shared display facilities, video
and other tools in the WWW platform can be found. According to Trevor and coworkers
(1997) WWW systems supporting synchronous collaboration include, e.g. YARNWEB
(Woo & Rees 1994), which supports chatting between users, GROUPWEB (Greenberg &
Roseman 1996) supports collaborative navigation and allows groups to share web pages.
The benefit of using WWW is that, as a platform, it supports heterogeneous computer
equipment, and the applications are immediately usable in every networked computer.
Usually, computer systems in the use of product designers of electronics and
telecommunications domain are so called Computer Aided Design (CAD) systems. From
the CAD perspective the distribution of information has not traditionally been the focus
and the systems have been designed to support an individual working on some design
task. While successfully used for this purpose the vendors of these systems have recently
been adding features to support cooperative design between geographically distributed
product designers. This trend has emerged due to enabling WWW technology. Usually
the solution is that CAD data can be viewed with proprietary ‘viewers’ (Mahoney 1999).
Since CAD systems are extensively used in product design companies, it has been
necessary for my research group to address how to smoothly, or seamlessly, change from
CAD system to a collaborative system occurs. Thus, technical solutions to transfer and
convert data from remote CAD systems have been built. Such a situation is the basis for a
successful shared virtual prototyping application. The successfulness means how the
designers accept the new on top of the existing technology. Chapter 4.1 lists the general
requirements that should be fulfilled.
In the early phase of design, CAD systems have been considered problematic since
they require precision and laborous effort to create models: “Two obstacles work against
thinking quickly and abstractly with today’s CAD software: precise and structured
internal CAD representations and tedious mouse-based human-computer
interfaces.”(Gross 1996). Thus, a system supporting concept design should provide
natural forms of expressing design intent:“The creative power of the designer must not be
hindered by difficult interaction procedures.” (Wiegers et al. 1999).
Evidently, the computer systems could be more imaginative in their ways of
supporting the early phases of design. An example of this is the Electronic Cocktail
Napkin (Gross 1996). The Electronic Cocktail Napkin is an experimental computer-based
environment for sketching and diagramming in conceptual design of individual
architects. The goal has been to develop a computational drawing environment to support
conceptual design in a way that leads smoothly from diagrams to more formal and
structured representations of schematic design. The motivation for Gross (1996) is that
with computational representations for conceptual designs, computer-supported editing,
critiquing, analysis, and simulation can be employed earlier in the design process, where
it can have a greater impact on outcomes.
COVIRDS addresses the same problem from the concept design point of view, i.e.
how to quickly create a new concept. Dani and Gadh (1997) describe their system
COVIRDS — COnceptual VIRtual Design System, for creating concept shape designs in
a virtual reality environment. COVIRDS adds voice and hand-tracking based user
interface to the VR-based CAD modeling environment. They say that this allows rapid
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concept design creation without the time-consuming shape description or specifications
of exact dimension. Dani and Gadh (1997) discuss the design solutions for interacting
with virtual objects and the technical architecture of the system.
The creative process in the early stages of design is an important area to study, and
interesting results can come out of it as the previous two examples show. In this thesis
quite another approach has been taken. It has been accepted that designers do have the
tools and ability to quickly create a new concept with existing CAD tools, especially
those designers who create new concepts for their work anyhow. The focus is more on
what are the means of interaction that designers use in a group to make themselves
understood. A common visualisation does not necessarily emerge right away, rather the
visions of designers are conveyed among the group. In a group collaboration situational
artefacts, or contemporary designs (Chapter 3) are a means to express an idea. Thus,
instead of supporting quick visualisation with new tools, it is pertinent to study how
computer tools can convey a vision of the future artefact to designers. An example of
such an application is Digiloop (Chapter 4.3.3). In that case, existing tools can be used to
create a virtual prototype and combine with any physical artefact used for evaluating the
product concept.
In addition to tools to support the quick creation of the design object as was the case
with Gross (1996), and Dani and Gadh (1997), intuitive interaction has also been in
focus. Yoshida and coworkers (1995) present a virtual space teleconferencing system
(VSTS) that, they say, supports intuitive interaction for creative and cooperative work.
The VSTS makes it possible for remotely located people to meet in a computer-generated
virtual workspace, giving them the impression of being at the same location. They claim
that with the system, the participants would be able to represent their design ideas in an
intuitive manner as they evolve, so that other participants can see them. They propose
interaction with the objects in an intuitive way through a combination of natural language
and hand gestures, they also discuss techniques used to support generation, combination
and deformation of 3D virtual objects.
Yoshida and coworkers (1995) attempt to recreate a so-called natural means to
expressing, talking, gesturing and paying attention. A human body is modelled, collision
detection is provided in real time, wide-field-of-view angular display functions as a
means to achieve high degree of reality, i.e. models of participants are of actual size and,
finally, intuitive interaction is supported by hand gestures and speech recognition.
While technically impressive, the design solutions of the system seem to rely on
guessing how the system could be used for supporting human creativity. Furthermore, it
is difficult to believe that a computational model of a human body would be useful for
creative collaboration (Hindmarsh et al. 1998). Instead of reproducing face-to-face
interaction (Biocca 1996) for designers this way, I think that starting from something that
designers are familiar with provides more benefits in tracing what is useful and what is
not.
Design is a social process rather than an individual effort (Bucciarelli 1994).
Therefore, learning and creating together are potential areas for computer support.
Nakakoji and coworkers (2000) develop computer systems that support designers’
collective creativity. Such systems “trigger” individual designers’ creativity by using
design knowledge, or representations, created by other designers in the community. The
basis of these systems is in the finding that a creative activity is not only performed as an
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individual, but placed in a social context. Furthermore, much of our intelligence and
creativity results from the collective memory of communities of practice and of the
artifacts and technology surrounding them. Nakakoji and coworkers (2000) make
observations on designers interacting within the two systems they present. According to
their experience, systems supporting collective creativity need to be based on design
knowledge. Their systems provide knowledge based on visual images that would be
useful for creative design tasks.
I agree with Nakakoji and coworkers (2000). My results (Chapter 3) support this point
of view, collective memory of the design community is important for creativity. In
addition, it is pointed out that personal memories, belonging to the culture the designers
have been part of, are important to identify new opportunities. Shared virtual prototyping
systems that have been developed as an example (Chapter 4.3) aim to support collective
creativity by common representation. The common representation can include, the future
artefact, and its behavior according to user actions. Collective creativity, however, is a
larger concept, which should be considered on the level of the virtual design workspace.
Fischer and coworkers (1995) present collaborative systems, namely domain-oriented
design environments, DODE, in support of design. DODE’s are built to support design in
a specific domain, such as kitchen or computer network design. Domain-independent
architecture provides a structure for domain knowledge, and mechanisms for delivering
knowledge as it is needed to support design. In addition, Fischer and coworkers (1994)
presents a model for the development of such design environments. Design environments
are considered as seeds that grow by accumulating design knowledge as they are used to
support design tasks (Fischer et al. 1994). The growing knowledge in the process of
design would be an interesting area to study further, but it is not a focus of this thesis.
Arias and coworkers (2000) go beyond desktop. They say that providing open systems
is an essential part of supporting collaborative design, and they present a computer
system called the Envisionment and Discovery Collaboratory, EDC. In contrast to
desktop computers, the system involves spatial elements for design, EDC has a
‘reflection space’ and ‘action space’ (cf. Schön 1983). In ‘reflection space’, various
information on the design problematics can be presented, using a vertically positioned
large interactive screen. In ‘action space’, physical elements can be moved on an
interactive horizontal computational surface. According to Arias and coworkers (2000),
the EDC system shifts the emphasis away from the computer screen as the focal point
and creates an integrated environment in which stakeholders can incrementally create a
shared understanding through collaborative design.
The design idea of EDC is connected to Schön’s (1983) reflection-in-action. From my
point of view, EDC has some interesting insights, such as using spatiality in the design
situation. Arias and coworkers (2000) discuss the domain of community planning, i.e. the
design of bus routes in an area.
In deference to Arias coworkers (2000), this thesis focuses on product concept design
of small electronics devices, which is a different domain of design altogether. However, I
believe that the open system approach works between the concept designer groups as
well. There is a certain similarity between EDC and the virtual design workspace
(Chapter 2.3.4). The physical space has an important role in creative concept design, but
not in the same way as in community planning. It is the embodiment of designers and the
artefacts in the physical space that are meaningful in concept design.
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Also DeMichelis and coworkers (2000) observe creative designers and design their
workplace. They want to augment creative designers’ workplace in such a way that
designers can practice without the constraints created by the physical arrangements of
their location. The problem is to offer access to the knowledge, supporting designers’
awareness. They conclude that within a social context the sense of place is not directly
related to the perception of its spatial dimension, but rather to its capacity of bringing
forth its main features from the practice point of view. They focus on augmented places
and say that these are not virtual copies of a physical place. Their spatial arrangements
are not possible in the physical reality.
The implication of the above systems is that, in designing computer support for
synchronous collaboration in this thesis, the creativity of designers should be addressed.
This involves introducing a means to smoothly proceed from informal representations,
sketches etc. towards precise computational representations. Furthermore, a conceptual
understanding of design would be useful, such as reflection-in-action in the case of EDC.

1.4 Research approach and organization of the thesis
A challenge for designing computational systems to support remote collaboration is to
find suitable conceptualizations. Recreating face-to-face collaboration or relying on ad
hoc intuition in the development of systems are approaches that may produce interesting
systems. These systems, however, may be displaced from the actual focus of interaction
between remote designers. For instance, human embodiment in virtual environment may
be able to convey between designers, but the cost of creating such an embodiment is
high. Instead, I have decided to study first how designers collaboratively construct their
common design object.
I accept the social nature of design process (Bucciarelli 1994), but have based my
evolving understanding on design on activity theory (Chapter 2.4). In expressing the
vision and creating a shared understanding, the instruments for collaborative construction
of the design object have an important role and have a potential for computer support. I
have identified how designers externalize their vision by their embodied action, what
kind of concrete means do they use to do this, and what is the goal when this expression
is done.
It is claimed that, in order to succeed in remote collaboration, the computational
systems must support the instruments of collaboration, or even implement them. A
computational instrument should be easy to take into use, and support the dynamics of
interaction. Also, it should support smooth transition from the physical to the virtual
design workspace and eventually the collaborative construction of the design object.
I point out that both future artefact and future user have an important role as
instruments in designers communication. The understanding of the future user is created
by the designer, in the situation of design. The designer, i.e. the subject has a specific role
in how the future use situation and future artefact is seen and how it is conveyed to other
designers.
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In chapter 3, the concept design activity is described, and design actions studied which
generate an understanding of designers’ collaboration in a workshop. Consequently,
artefacts, both as physical artefacts and conceptual constructs, are discussed as
instruments for collaborating designers.
The main finding in Chapter 3 is the definition of the design object according two
sides that the concept design action is directed to: the future artefact and the hypothetical
user activity. Chapter 3 discusses how the subjects externalize and reflect their vision of
the common design object by referring to future artefact and hypothetical user activity.
Instruments of externalization and concrete means of interaction are identified, the
interwoven means of interaction designers use in directing their action towards either the
future artefact or the hypothetical user activity (Chapter 3.3).
Chapter 4 discusses how the generated conceptualization can be conveyed to computer
systems design (Chapter 4.2). An iterative approach to computer systems design by
application prototyping has been taken. Besides conceptual framework (Chapter 3.3), it is
argued that requirements from the field (Chapter 4.1), and technical constraints and
solutions (Chapter 4.3.) are important ingredients in iteratively designing new computer
systems.
Chapter 5 puts the conceptual theoretical understanding into use in observation of
remote collaboration in computer supported concept design workshops. Chapter 5.2.
describes one design action, step by step. The experience of the action is outlined in
Chapter 5.3 and suggestions are made for iterative development in the virtual design
workspace.
The contribution of this thesis has been presented in three chapters: 3.3, 4.4, 5.4, and a
summary of the results in 6.1. Chapter 6.2 discusses this research and the potential of the
approach for further work.

2 The Research Setting
2.1 VIRPI and VIRVE research projects
The Department of Information Processing Science at the University of Oulu and our
research project partners have conducted two research projects, VIRPI and VIRVE, in the
domain of virtual prototyping. The research presented in this thesis is based on the work
done during both of these projects.
The VIRPI research project: starting in 1996 VTT Electronics, an Oulu based research
institute, organized and coordinated the VIRPI research project to research the design of
virtual prototyping systems. This work included design research, software development
for new user interfaces and computer systems, usability studies, and laboratory tests for
computer systems evaluation (Kerttula et al. 1999).
The organization of the VIRPI project involved research institutes and companies3
alike. Besides providing funding, the companies were also participating in the research
and providing feedback to the research parties. The VIRPI project had the following
research objectives: to define how virtual reality prototyping would fit into a product
development process, to demonstrate and evaluate the Virtual Reality Prototyping
environment, and to disseminate virtual prototyping knowledge to the industry (Kerttula
et al. 1999).
The VIRVE Project: this project was launched after the VIRPI project in 19994. The
project lasted until the end of May 2001. The objective in the VIRVE research project

3

The research institutes in the project were: VTT Electronics (Oulu) as the coordinator, University
of Oulu, the University of Lapland in Rovaniemi and the University of Industrial Arts and Design
in Helsinki. The participating companies were from electronics and telecommunications product
development: (in alphabetical order) Benefon Oy, C3 Suunnittelu Oy, Cybelius Software/CCC
Software Professionals Oy, Metsävainio Design Oy, Nokia Mobile Phones Oy and Polar Electro
Oy.
4
The project was coordinated by the University of Oulu, Department of Information Processing
Science. VTT Electronics was a research partner, Cybelius Software Oy and Nokia Mobile Phones
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was to find new ways to apply virtual prototyping technology in product design and
continue the research on shared virtual prototyping started in the earlier project. This
effort included basic research, field studies of product design, and software application
experimentation based on our ideas. In order to present our research ideas as a concrete
outcome computer systems were developed, e.g., WebShaman (Tuikka & Salmela 1999,
publication IV) and Digiloop (Halttunen & Tuikka 2000).

2.2 The Research Process
Figure 3 depicts the research process on this thesis with a timeline. The work has been
conducted within a timeline of 6 years. My role has been to manage the research group at
the University of Oulu, and to organise and manage the research during the VIRVE
project. The time between the two projects was used for publications, presentations and
project management issues. Add to this the fact that the negotiations and application for a
new research project typically take 4-6 months.
I also wanted to illustrate the confidential side of the work, since during the research
projects the confidential aspect, although not reported, is in any case used to validate the
work. It has an effect on what technology and designs are chosen. Chapter 2.3 gives the
the details of the research methods, i.e. what the field studies, workshops and application
developments encompass.

VIRPI
I

Publications
Field studies

Workshops

II

III

IV

Field
studies

V VI

VII VIII

Confidential field studies

Concept
design
eval.
workshops

Concept
design
workshops

Application
development

1996

VIRVE

Application design and prototyping
Confidential applications

1997

1998

1999

2000

2001

Fig. 3. Timeline of the research process.

Oy were main industrial partners. Polar Electro Oy, Metsävainio Design Oy and C3 Suunnittelu Oy
formed the industrial support group.
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2.3 Research Methods
Understanding a work practice, such as product design, requires special attention to the
collection of research material, its analysis and conclusions. The following research
methods and techniques have been used: field study (Chapter 2.3.1), video analysis and
participant observation to study concept design workshops (Chapter 2.3.2), and
constructive research for application design and prototyping (Chapter 2.3.3). During the
field study, designers were interviewed and their workspaces were studied. Design
workshops were videotaped. I have managed and guided the research group in doing
application design and prototyping. Finally, I have organised and evaluated the concept
design workshops on computer-supported geographically distributed design (Chapter
2.3.4).
These research methods were used to give a rich view to the research subject (Thomas
& Carroll 1984, Sonnenwald 1993) and avoid undue reliance on any one method (Nardi
1996a, p. 95). For the researcher, however, this means that in order to create significant
results the focus of research must be carefully set and the goal of the research must be
kept in mind at every step along the way.
A problem, when working with high technology product design companies, is that it is
practically impossible to publish any results which are based on field studies inside a
company or reveal information on the products under development. This makes research
challenging since the project work requires field studies inside the companies but the
research findings must be illustrated through publicly available examples. I have resolved
this problem by layering the research and using simulated design for public observation.
In this thesis, which includes the research papers, only public research on concept
design and public research material is discussed as a base for analysis. The public
research material on concept design consists of videos of concept design workshops, both
using and not using computer support, audiotapes of interviews, and field notes.
Furthermore, some of the software prototypes developed are public (Chapter 4.3), some
of them have even been or still are available on the WWW.

2.3.1 Field studies on design
The VIRPI project was started, on my behalf, by interviewing designers in four
companies participating in the project during the years 1996-1997. These interviews were
arranged in order to delineate the problems in the engineering of small hand held
electronics devices and to create a general understanding of the product design process,
with reference to same location and geographically distributed product design. 15 hours
of audiotape was produced from discussions with 6 stakeholders in the product design
process.

42
The organizations the stakeholders were employed in ranged from small design
studios of two or more persons to companies with more than 500 employees. Individual
designers had different backgrounds and skills, for example, mechanical engineers,
industrial designers, and product engineers, i.e. engineers who specialize in how the
product process is conducted.
Techniques during the interviews varied depending on the research situation. On two
occasions the interview took place at a separate meeting room and, in four cases, it was
possible to have the discussion at the designers’ offices. In the latter case, the interviews
took place at the designers’ desks. Thus, we were able to discuss in more detail the kind
of tools used, the current task they were working on and their vision of design work from
their personal perspective (Nardi 1996a, p. 83).
At the designers’ offices, the discussions were conducted as in-situ question asking
session. This research technique is considered appropriate by Jordan (1996) in situations
where questions cannot be made up ahead of time because not enough is known to do so,
but questions are constructed in the interplay between the researcher’s evolving
understanding.
Field studies served as a background information for my public research. Interviews
were not only research situations, but also situations where the first steps of constructing
mutual trust between me and the research subjects were taken. A researcher in such a
situation must consider how to create a trust between the researcher and the subject, and
how to create a common vision of research goals with the research subjects. Building this
trust with the research subjects is important but also a time consuming effort. It pervades
the research process, where the ground rules for the research are defined.
Due to this delicate situation, I decided, in the beginning of the work not to take any
notes of observations, nor take any pictures, or make drawings of the designers’ location.
Only audiotapes were recorded, transcribed and used to recall the interview situations.
The interviews formed a basis for further discussion of the objectives of our project.
Moreover, this material guided me in selecting forthcoming research methods which
would serve both for my own research objectives and the project’s objectives. Helander
and coworkers (2000, publication V) addresses these interviews, and (Tuikka & Salmela
1998, publication III, Chapter 4.1) addresses the requirements for computer support that
were generated from the field studies.
During the VIRVE-project (January 1999 - May 2001), I had a chance to continue
field studies in the mechanical design department of a consumer electronics company.
Unfortunately, this work is not open to the public. However, in order to understand the
focus and amount of work done, the activity should be mentioned. We started this work
through interviews during spring of 2000. All of the interviews were transcribed into
textual form. In Autumn 2000, I conducted a one month period of observation, consisting
of an intensive two week observation of mechanical design involving concept design and
I took two weeks for analysis of the material, which was later reviewed by the customer.
The material gathering in the latter case used an ethnographic in-situ question asking
method.
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2.3.2 Concept Design Workshops
In 1996-1997, a series of concept design workshops were organized as part of the VIRPI
project. The aim was to create a new kind of product concept, which would serve as a
public pilot case for the project (cf. Figure 2 in Tuikka 1997, publication I). The
motivation for the public product concept was that it was practically impossible to
present a high technology case from a real concept design situation in research
publications and the media. The workshops were meant to create public material, i.e.
models, to be used as examples with virtual prototyping software that was under work at
that time.
From the design research point of view, these workshops provided a chance to gain an
understanding of how designers collaborate. The workshops were conducted in colocated design meetings which form the first step in producing public research material.
My role in the concept design workshops was twofold: first I participated in the
concept design workshops as a researcher, and second I functioned as a designer during
two of these sessions. The latter means that I was an actor in the process, contributing to
the concept design. The main reason for being an actor in the design workshop was that
my role in the whole project was active and it was practically impossible to stay in the
background as an observer during the workshops. This role, however, introduced me to
the dynamics of concept design, and to experience at firsthand the ways designers make
themselves understood.
Much of the design activity that occurs in a design team cannot be readily expressed
and documented by pen and paper (Tang 1989, Bekker et al. 1995). This is especially
apparent in the design of interactive, three-dimensional objects, where the behaviour of
the future user and physical spatiality are important. Accordingly, when the four concept
design sessions were conducted, videos were taken5 and audiotapes recorded during the
workshops.
The benefit of videotaping is that when the recording is done, the videos can later be
used for discussion and analysis. Thus, it is later possible to discuss antecedents, varieties
of solutions produced on different occasions, and questions about what led up to any
particular state (Jordan 1996). Video can be used also as a reflective means in computer
system design workshops (Karasti 2001) or as a means to generate design implications
(Jordan 1996). In this thesis the video material has been used to study the interaction
between designers during design sessions, in order to ultimately serve computer systems
design.
The field studies and the concept design workshops were meant to support each other.
Such an approach is encouraged by Jordan (1996) who argues that video-based analysis
does not stand alone, but can be used in conjunction with other techniques.
All together, 12 hours of videotape was produced and analysed (Tuikka 1997,
publication I). Subsequently, Tuikka and Kuutti (1999, publication VI) addressed how
gestures were used during the designers’ interaction during this concept design activity
5

My colleague Marjo Favorin started this videotaping. I videotaped design workshops while
attending them from the second meeting on, and finally used these videotapes as a research material
in order to recall the design situations.
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and later (Tuikka 2001, publication VII) considered user actions mediate among
designers and Tuikka & Kuutti (2001, publication VIII) how this understanding can be
implemented in computer systems design.

2.3.3 Designing new systems
In designing new computer systems an iterative approach has been used, i.e. to develop
computer systems, to learn from them, and to complement them with scenario based
design, textual descriptions and drawings. A plethora of opinions on scenario based
design exists in the corpus of scenario based design literature. According to Carroll
(1995), scenarios can include textual narratives, storyboards of annotated cartoon panels,
video mockups, scripted prototypes, or physical situations contrived to support certain
user activities. Scenarios can also be couched in many different levels of description and
detail. (Carroll 1995.)
Using scenarios, in system development, helps to keep the future use of the envisioned
system in view as the system is designed and implemented, it makes concrete use of the
system — which makes it easier to discuss use and to design use (Carroll 1995). Kuutti
(1995) sets out two generally accepted attributes of scenarios: first, a scenario describes a
process or a sequence of acts, not individual acts, second, when scenarios look at a
system they do it from outside, from the viewpoint of a user.
During the projects, we have combined scenario based design with application
prototyping. In practice this means that small prototypes have been constructed in order
to study and learn from them. Scripts of use were created for presentation purposes in
order to discuss the application with the research partners. The presentation then was
conducted according to the script. The scripts were set out with step by step textual
instructions, so that anyone of the research group would be able to use the application at
short notice.
In both the VIRPI and VIRVE projects, our aim was to develop shared virtual
prototyping systems, i.e. application prototypes, which could be used in geographically
distributed collaborative product concept design. Next, the reasons that motivated the
design of new computer systems are listed with a subsequent explanation.
a) Functional applications and use scenarios were used to introduce new application
ideas.
The insights into computer systems were derived from the research material, existing
academic and commercial software applications, and technological advances, which
made applications feasible. During the development both use scenarios and software
prototypes were used for evaluation of the computer systems design ideas. They were the
representations of the computer artefacts (Kyng 1995). The evaluation then took place in
peer reviews and project partner meetings.
Selected features were implemented in the software prototypes, leaving some of the
functionality unimplemented in application menus, or plainly leaving out features, which
were not considered necessary for the evaluation. In a sense, the implemented software
prototypes were software concepts for the software industry.
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The last phase of the VIRVE project, namely the evaluation of the research, required
functional and robust applications. These applications were on-line and worked with
other applications selected for the experiment.
b) Acquiring experience in transforming field studies into software applications.
The process of transforming the understanding gained from field studies is crucial for the
success of the invented systems. It has been an innovative and interactive process, which
has required negotiation and understanding of contemporary computer systems and
available technologies.
c) Knowledge of contemporary software techniques was necessary in collaboration
with research partners.
The tasks of a research project aim at an outcome which wou ld be immediately useful to
industry. Therefore, the possible exploitation of the results should be targeted for 6
months to maximum of 1-year time from the time of the research. A university, however,
neither has the resources to create a product nor should it make such an attempt given its
role in society. On the other hand, together with the local industry it is possible to include
as many potential future technologies as possible. These future technologies were
collaboratively studied and discussed in various ways: in workshops, seminars, design
sessions, and even by placing researchers into software developers’ positions for some
time. The risk of surprise was reduced by carefully selecting technological approaches,
i.e. by different partners trying out different technical approaches.
d) It was necessary to evaluate the feasibility of the technological approaches.
The evaluation of software technologies, such as application programming interfaces,
applications, middleware etc. has required some experimenting and learning through
practice. Designing and quickly prototyping new systems provided a continuous base for
discussion among the research partners. Student groups were allocated to do some
specially selected tasks and the software prototypes which were built formed a starting
point for further application construction.
e) We needed to create a basic technology of our own to be used in future projects.
Software applications are a means of expressing the knowledge of the research team. We
wanted to construct software applications in order to be able to present them to potential
research partners. Such partners emerged late in the year 2000, and a European Union
project consortium was formed for AIT-VEPOP6 project.
All these reasons affected the decision to implement software prototypes in 1997.
Student programming projects at the Department of Information Processing Science have
had a crucial role in this implementation. In these projects small teams of three or more
students are given a well-defined task and the necessary resources to resolve the task. The
goal of each of these student projects was to build a software prototype, as a proof of
feasibility and to demonstrate a selected concept.
Eight student projects have been conducted at the department for the research projects
starting from 1997 to year 2001. These student projects include work on, e.g. using
6

AIT-VEPOP, Advanced Information Technologies — Virtual Early Prototyping Open Platform,
project funded by the European Community under the IST programme (IST-1999-13346). Partners:
Aerospatiale Matra CCR, DaimlerChrysler Aerospace Airbus GmbH, Astrium GmbH, Flowmaster
International Ltd, University of Oulu, Conservatoire des Arts et Metiers, Deutsches
Forschungszentrum für Kunstliche Intelligenz GmbH.
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Virtual Reality Modeling Language over the World Wide Web, studying the use of
Spaceball™ user interface device in a Computer Aided Design (CAD) system, and
implementing services for collaborative product concept sessions.
In the research group, scenarios of application use have been created, which have been
documented in research project documentation. Numerous design meetings in which
visions have been given a concrete form as user interfaces, design and implementation
selections, depending on what has been the purpose of the software prototype at the time.
My multi-role has been to create the ideas for the student projects, making a strategy
to select technologies and guide the project group. Sometimes I have been doing
application coding.
Here is a list of some of the output, WebShaman, and Digiloop will be presented later
in chapter 4 with more details:
WebShaman. This application has had several implementations. The first one (1.0) was
using Sony Community Place Browser™, and the first versions of VRML and Java™
technology. The first application was publicly available on our project web site. The
second one was built within the VRP framework, developed at VTT Electronics
(Tuikka & Salmela 1999, publication IV). The last version called WebShaman Lite,
was used as a quick and light tool for designer-customer communication (Repo 2001).
WebDrum server provides services for shared virtual prototyping. These services
include awareness of participants, synchronous manipulation of virtual prototypes, and
event distribution among clients.(Repo 2001.)
WebBones, a service providing persistence for virtual prototype objects.
WebTalisman, implementing interoperation among CAD application and WebShaman,
using Spaceball™. WebTalisman was implemented as a student project for the purpose
of studying Common Object Request Broker Architecture (CORBA).
WebShaman Digiloop, recently Digiloop (Tuikka & Kuutti 2001, publication VIII).
Digiloop application combines physical artefacts with virtual prototyping technology,
with dataglove and position tracking (Halttunen & Tuikka 2000).

2.3.4 Evaluation of computer support in concept design workshops
The evaluation of the software design ideas occurred first in the project management
group meetings and, second, in specifically organised computer supported concept design
workshops. Four project management group meetings were used for discussion of the
computer systems developed. These were software technology presentations,
demonstrating scenarios of use and feasibility of shared virtual prototyping applications.
The project management group consisted of both product design and software design
professionals.
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This chapter presents the research setting of three geographically distributed concept
design computer supported workshops, which were 2 to 3 hours long and were organised
in December 2000, February 2001, and March 2001. Three sites were involved:
University of Oulu, VTT Electronics at Oulu and C3 Suunnittelu Oy, in Turku.
The event had the following objectives: first, I wanted to try out how the conceptual
model created (Chapter 3.3) would be useful for the analysis of design situations. Second,
in this way the developed software applications could be tried out together with
commercially available tools. Third, we wanted to produce a public pilot product concept
as an end produce of the design workshops. The focus of the evaluation in Chapter 5 is on
the collaboration and use of computer support.
A set of concept representations resulted which were: verbal, textual, drawings and
computational models, both visual images and shared virtual prototypes. One design
action will be discussed in Chapter 5 in order to describe how the concept was
crystallised in the group.
I will list all the equipment used in the experiment, since one of the aims was to use
off-the-shelf hardware and software. The rationale was that any small and medium sized
company would be able to purchase and use the computational environment described.

2.3.4.1 Concept to be designed
The concept to be designed was meant to be a device of the future, yet easily
comprehensible for the designers. Contemporary technology should be close enough to
the concept that it would be possible to implement it within a schedule of six months to
one year. The first description of the concept was presented by me to the design group in
December 2000, as a textual representation followed by a verbal explanation. This is an
English translation of the description:
“FLOGISTON
The product will provide a new window for mobile technology, by combining both the
communication and contextual needs of the user.
Our primary design aim is to focus on the following needs; contextual needs of the
user, the possibility to use computational resources in some user situation, technically
we presume that wireless short range radio networks are available, either as in-house
implementations, or ubiquitously, i.e. wireless networks allows access to users
(data)resources.
The device answers the following questions: What kind of resources would a user
need in an office or on the move? How are these resources available and how can they
be used.
First scenario: 1) The user needs a connection to his/her personal computer. 2)
FLOGISTON helps the user to see the user interface of the computer. 3) A file can be
transferred through FLOGISTON to the nearest computer.
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The user group is not defined. The task is to present other usage options for the device.
What would FLOGISTON mean? The aim is to create the first visualisations of the
FLOGISTON by the end of the year 2000.”
FLOGISTON7 is the name I gave to the concept to be designed. A textual representation
was considered concrete enough to start with, although the text was made purposefully
open-ended in the hope that it would promote ideas and visions in the group.
In order to succeed in the short time frame we had for the workshops, it was also
advisable to have additional ideas to fall back on if the group did not appear to make
progress. In a research situation such preparation helps avoid frustration in the group.
Therefore, I created several concept ideas beforehand, just in case the group innovation
did not take off. Eventually, there were occasions where some of these ideas were used to
nurture the designers’ discussion. In some cases, I was asked questions, although I tried
to remain in an observer role throughout the workshops.

2.3.4.2 Workshop arrangements meeting by meeting
In the first workshop, in November 2000, the product concept was represented in
textual/verbal form and the aim was to generate new tentative ideas over the concept of
FLOGISTON. One of the emerging FLOGISTON ideas was named as the ‘Amoeba’concept and another as the ‘FLOGISTON service’. The emergence of the ‘Amoeba’concept is presented in detail in Chapter 5. The second workshop, which was held in
February 2001, introduced visualisations and use scenarios of FLOGISTON. Software
tools, including WebShaman Lite, were used to distribute information over distances. The
third meeting was held in March 2001 and its purpose was to experiment with simulation
tools, and introduce a physical artefact of the design object to the group. All the
workshops included the designers participating in the work, the research group,
supporting the research, and me as a facilitator conducting the effort.
The participating designers aimed at creating a new product concept within a given
time frame and using the FLOGISTON concept idea. All participants were well informed
of concept design work practice. For instance, in the first design workshop, the designers
professions were: industrial designers (2), usability engineers (2), mechanical engineers
(2), academic (1), researcher (1).
The research group created the research setting for the workshops. The group was
given instructions that during the workshops they should guide the designers if help was
needed, resolve any problem in the application environment and collect the research
material, i.e. do videotaping. The members of the group were specifically instructed not
to take part in the concept design effort.
The aim was not to teach the designers to use all the applications and their features,
but to let them use the tools in a virtual design workspace for the collaborative
7
The word FLOGISTON is derived from the 18t h century theory of combustion called the
Phlogiston Theory. It was believed that the matter contained a substance called Phlogiston which
was released back into the ether when matter was burned.
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construction of the design object. The research group members acted as part of the virtual
design workspace by moving the web camera, taking pictures, and uploading pictures
into common workspace, but letting the designers do the design. In this way the aim was
to avoid designers’ frustration with the computational tools, and let them freely
communicate their opinions on the design object.
My task was as a facilitator for the participating designers and to manage the research
group. Due to the short schedule I made interventions by encouraging designers during
the sessions and made final decisions when the discussion would end. In between the
workshops, I prepared the next session and decided what concepts would be taken to the
next round of concept design. In this respect, this research is more a laboratory
experiment than participant observation.
All the workshops were videotaped at two sites for subsequent analysis. We wanted to
use software and hardware techniques, which would be available to any small and
medium sized company. Only virtual prototyping tools were specifically developed for
the design workshops by the University of Oulu, and VTT Electronics.
Figure 4 depicts the site arrangement and participants. The figure is a screenshot from
the computer drawing-board, shared among the participating sites during the first
workshop.

Participants

Site arrangement

Tools used

Fig. 4. Screenshot from the computational drawing-board: site arrangement with
explanation of video connections, list of participants and list of tools used.
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In Fig. 4, VTT, OY, and C3 represent the respective sites of VTT Electronics in Oulu,
University of Oulu, in Oulu, and C3 Suunnittelu Oy, located in Turku. The geographical
distance between Oulu and Turku is about 600 kms. The strokes between the circles
depict the Internet-based video connections between the sites. The workshop participants
(osallistujat) are listed and some of the tools used in this workshop are listed on the right.
First workshop
At the University of Oulu: For the first workshop, our meeting room was organized in the
following way; a large table was in the back of the room, a space was left for four people
in front of a whiteboard (Fig. 5). On the table there were some artefacts, a remote control
for a VCR and a TV, pencils, etc. a computer and video projector. Our aim was to have
the physical workspace setting as little as distracting as possible, but due to the limits of
hardware wiring, however, some compromises were inevitable. Designers were arranged
in a half circle, with a view to a shared virtual workspace, projected on the whiteboard.

Web camera

Whiteboard

Fig. 5. Physical workspace for the first workshop at the University of Oulu.

In Figure 5 two designers on the right are looking at the virtual design workspace. Two
research group members can be seen: one behind the flap board and the other one
standing, a third one is taking this picture and videotaping the workshop. Two designers
are outside Figure 5.
Before the meeting several experiments were made with the web camera (webcam)
position. There were practically three choices of webcam focus: 1) an overall picture,
which would show the whole design space, but be miniscule on the computer screen 2) a
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designer speaking, i.e. focus the camera on the speaker presenting an idea, 3) or on any
object, which is used during a tentative idea presentation. In practice the camera was
pointed at the whole space, but if anyone wanted to do something in front of the camera
we adjusted the focus quickly.
Figure 6 depicts the virtual design workspace at the University of Oulu.

NetMeeting™ drawingboard

Mimio™

Video: VTT Electronics

Video: University of Oulu

Fig. 6. Virtual design workspace at the University of Oulu.

A conference telephone was used for audio connection through a teleconference line
allowing all three participants to be heard simultaneously. NetMeeting™ was installed in
the computer for video connection, a drawing-board was available and text chat.
Figure 6 depicts how the computer image was projected on the whiteboard. A
computer based drawing-board image was projected on the whiteboard, allowing drawing
on both computer and whiteboard surface. Mimio™ device and its special purpose pen
was used to track drawing on the whiteboard. Thus, the system was able to trace the
drawing to the computer drawing-board allowing all the sites to see the same image.
Two videostreams can be seen on the right of Figure 6. The upper video stream is the
picture from VTT Electronics and the lower one is the local video of University of Oulu,
the latter picture could be seen also in Turku, since it was shared using video camera
application and NetMeeting™ sharing feature.
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The VTT Electronics site included two designers and me as the facilitator. Two PC's
were in use, and both of them were running NetMeeting™ software. To start with, one
PC was connected to a high resolution camera and the other had NetMeeting™ installed.
During the session we changed the setting so that one workstation, near the telephone,
would be used solely with NetMeeting™ and the other would be used by the facilitator to
make written notes in the common workspace of NetMeeting™ drawingboard. Neither a
videoprojector nor conference telephone was in use at VTT Electronics site.
C3 Suunnittelu Oy, i.e. the Turku site, consisted of a two designer team. We had
prepared conferencing connection earlier; testing the firewalls, machine addressing, and
video connections. Turku site used similar tools as VTT Electronics. The sessions were
not videotaped.
Second workshop
Physical workspace was rearranged both at the University of Oulu (Fig. 7) and VTT
Electronics. Following tools were used during this workshop:
− NetMeeting™: drawingboard, video, application sharing, text chat. (used by all)
− BSCW — Basic Support for Collaborative Work: sharing use scenarios, virtual
prototypes and web pages. (used by all)
− WebShaman Lite: Sharing virtual prototypes, providing server and client applications,
VRML model parsing and server upload service. (used by all)
− I-DEAS™: CAD tool for model creation with VRML export. (used by C3 Suunnittelu)
− Polycom™: Conference telephone. (all the sites had telephones)
− Mimio™: Human - computer interface, specialised pens for tracking designers’
strokes on the whiteboard (or wall). (used by University of Oulu and VTT Electronics)
− QuickCam™: Small low-priced camera used for videosharing. (used by all)
University of Oulu: A small table was positioned in the center of the room (Fig. 7). A
computer display and keyboard were placed on the table. Behind the display is the
conference telephone, and on the table, a sketching paper with pencils.
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Conference telephone

Computer screen

Projector

Fig. 7. Meeting room arrangement for the second workshop at the University of Oulu.

The designers were seated around the table. The industrial designer who was
presenting visualisations was given a seat in front of the computer display. The others
were behind the table, with a view toward the computer screen projection.
Web based use scenarios were created for the second workshop, i.e. pictures and
models of the FLOGISTON usage. These were stored in the BSCW server (Bentley et al.
1997), which can be used for delivering material in different formats. The whiteboard,
Mimio™, NetMeeting™ drawingboard and web camera were used similarly as in the
first meeting, only the positioning of camera was different.
At VTT Electronics: Mimio™ was used in the same manner as in the University, and
the room was set up as in the previous experiences. One computer was reserved for
designers and another for the facilitator.
C3 Suunnittelu Oy used the same set-up as previously described. C3 Suunnittelu Oy
was asked to provide two computer models for sharing during the workshop at 3 hour
notice. The aim was to test how smoothly the exported files from CAD application could
be used during the session.
The third workshop
The aim of the third workshop was to create a constructive discussion of the two concepts
that had been developed, the ‘Amoeba’ and the ‘FLOGISTON service’, and the
applications used during the workshop. Before the discussion, simulation tools from VTT
Electronics were introduced to the workshop participants using the ‘FLOGISTON
service’ concept as an example. The ‘Amoeba’-concept — discussed in more detail in
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Chapter 5 — on the other hand was a concrete artefact. There was no consensus about its
exact functionality. Thus, no simulation of it was made for the workshop. As a surprise
for the workshop designers a physical silicon rubber based model of the concrete artefact
was introduced during the session.
The rooms at the University and VTT were organized in the same way as for the
second session. Since some people tend to be more active during the discussion the two
groups were organised differently.

2.4 Analytical framework
Several researchers (Bødker 1990, Kuutti 1991, Kaptelinin et al. 1995, Nardi 1996a) have
suggested that activity theory has promising characteristics for use as a foundation for
understanding work practices. In this dissertation, the activity theory provides conceptual
tools to analyse and understand concept design activity. Furthermore, selected conceptual
means are used to provide insight into computer systems development.
Activity theory has a long history in particular in developmental psychology and there
is a rather heavy conceptual apparatus for these purposes. I will delineate and explicate
only those concepts of activity theory that are used for analysis and computer systems
design in this dissertation. Moreover, some basis of their understanding and the related
references are added for information purposes. Attempts to apply activity theory in
computer systems design are delineated in Chapter 2.4.4. A conceptual framework, which
is presented in Chapter 3.3, has been generated based on activity theory for use in
computer systems design.

2.4.1 Activity theory
Activity theory was developed in the Soviet psychology in the 1920’s and 1930’s
(Leontjev 1978, Vygotsky 1978). The basic idea was that the human mind comes to exist,
develops and can only be understood within the context of meaningful, goal-oriented, and
socially determined interaction between human beings and their material environment
(Kaptelinin et al. 1995). Activity theory is concerned with the historical development of
activity and the mediating role of artefacts (Nardi 1996a, p. 83).
A characteristic of human activity is that it is collective and depends on social
relationship:
“Human psychology is concerned with the activity of concrete individuals, which
takes place either in a collective—i.e. jointly with other people—or in a situation in
which the subject deals directly with the surrounding world of objects—e.g., at the
potter's wheel or the writer's desk. However, if we removed human activity from the
system of social relationships and social life, it would not exist and would have no
structure. With all its varied forms, the human individual's activity is a system in the
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system of social relations. It does not exist without these relations.” (Leont'ev 1981, p.
47).
Take for instance a caveman (Fig. 8), whose aim is to lift a rock above another rock in
order to construct a trap for a bear. In the society where the caveman lives this may be the
only mean to catch the predator since other tools are not very advanced. The activity is
meaningful for the caveman, and his action is goal-oriented, namely to construct a trap. It
becomes social interaction, e.g. when there are other cavemen who become involved in
the activity. The collaboration in the activity of hunting simply must succeed, or the
hazard the bear poses is unbearable for the caveman community.

Caveman

Concept design

Fig. 8. Two exemplary activities, caveman hunting and concept design activity.

In concept design activity the meaningful context is quite different to the one in the
previous example (Fig. 8). An actor in this activity, a designer, is involved in a
collaborative concept design activity, where the purpose is to create a new product
concept. During the activity the product concept may have many instantiations. These are
goals created by actions, that constitute the activity. Specific for these actions is that they
occur in collaboration. In this dissertation I call them design actions. Before defining
design action, I will present some concepts of activity theory.
Human activity: The fundamental unit of analysis in activity theory is the human
activity. Leontjev (1978) distinguishes activity from simple reaction, which has been a
focus of study in psychology, and suggests that human activity8 has a structure:
“Activity is a molar, not an additive unit of life of the physical, material subject. In a
narrower sense, that is, at the psychological level, it is a unit of life, mediated by
psychic reflection, the real function of which is that it orients the subject in the
objective world. In other words activity is not a reaction and not a totality of reactions

8

“The term activity does not carry the essential connotation “doing in order to transform
something,” as do the corresponding German or Russian terms (Tätigkeit and dejatel’nost,
respectively).” (Kuutti 1996, p. 41).
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but a system that has structure, its own internal transitions and transformation, its own
development.” (Leontjev 1978).
The structure of activity is described as components in human activity. They consist of
an active subject who directs his activity towards an object in the world, mediated by an
artefact or a tool (Leontjev 1978). Engeström (1987, p. 78) further identifies rules and
norms mediating the subject’s relation to the work community, and a division of work
mediating the community’s relation to the object of work.
The central relationship between the subject and object of an activity is mediated by a
tool into which the historical development of the relationship between the subject and
object is thus far condensed (Kuutti 1991). All human experience is shaped by the tools
and sign systems we use:
“… this analysis provides a sound basis for assigning the use of signs to the category
of mediated activity, for the essence of sign use consists in man’s affecting behavior
through signs. In both cases the indirect (mediated) function comes to the forefront.”
(Vygotsky 1978, p. 54).
Mediators connect us organically and intimately to the world; they are not merely
filters or channels through which experience is carried, like a water in a pipe (Nardi
1996a, p. 10). Besides tools and signs, another kind of mediated activity can also occur:
“A host of other mediated activities might be named; cognitive activity is not limited to
the use of tools and signs.” (Vygotsky 1978).
Subject: A subject can be an individual or a collective. Not all participants involved in
an activity necessarily understand the motive of the activity in which they are
participating or even recognize the existence of it. In this case they are not active
subjects of the activity.
Object: Every activity is specific and each activity is distinguished from one another
by their respective objects. The object is connected to the motive of the activity. The
object of activity can be material. An object can also be less tangible (like a plan) or
totally intangible (like a common idea) as long as it can be shared for manipulation
and transformation by the participants of the activity (Kuutti 1998).
Tool: Relations within an activity are not direct ones, but they are mediated by
different artefacts, e.g. instruments, signs, procedures, machines, methods, laws, work
organization forms, accepted practices etc. These have been created and transformed
by people during the development of the activity itself and carry with them a particular
culture — historical remnants of that development.(Kuutti 1991.) “A tool mediates
activity that connects a person not only with the world of objects, but also with other
people. This means that a person’s activity assimilates the experience of humanity.”
(Leontjev 1974).
Leontjev’s (1978) version of activity theory is often associated with a three-level
scheme describing the hierarchical structure of activity. The central level is that of
actions. Actions are oriented towards goals, which are objects of actions. Usually, goals
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are functionally subordinated to other goals, which may be subordinated to still other
goals, and so forth.
Activity vs. Action. Moving up the hierarchy of goals we finally reach a top level goal,
which is not subordinated to any other goal. This top level goal, which in activity theory
is designated as motive, is the object of a whole activity. Basically, motives correspond to
human needs.
Activities are cooperative processes, where something is worked out together, basic
contexts of human actions. An activity emerges when a human need (motive) identifies in
the world a way to become fulfilled and this way of fulfilment becomes the object/motive
of the new activity (Leontjev 1978).
Activities consist of chains of action, which consist of chains of operation. Activities
are realised as individual and cooperative actions, and chains and networks of such
actions that are related to each other by the same overall object and motive. Participating
in an activity is performing conscious actions that have an immediate, defined goal. The
actions cannot be understood, however, without a frame of reference created by the
corresponding activity. One activity may be realised using different actions, depending on
the situation. (Kuutti 1996.)
Figure 9 depicts a mediated action (Kuutti 1994). The object in Figure 9 is the goal
described by Leontjev (1978).

Tool

Subject

Object

Outcome

Fig. 9. Structure of an individual, mediated action (Kuutti 1994, p. 54).

Action vs. operation. Moving down the hierarchy of actions we eventually cross the
border between conscious and automatic processes. The latter, which individuals are not
aware of, correspond to actual conditions. They do not have their own goals, they rather
provide an adjustment of actions to current situations. According to activity theory they
are operations. Therefore, activities, which are driven by motives, are performed through
certain actions which are directed at goals and which, in turn, are implemented through
certain operations. (Kaptelinin et al. 1995).
Dynamics of activity. Constant transformation takes place between the levels of this
three-level hierarchy of activity—both vertical and horizontal. An activity can loose its
motive, whereupon it becomes an action. Conversely, an action can acquire an
independent, energizing force and become an activity on its own. Actions transform into
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operations when they become routinized and unconscious with practice. The other way,
an operation can be conceptualized into an action, either deliberately as a way of
enhancing them or involuntarily in “those cases in which the action is performed under
conditions that make it difficult to carry it out with the help of operations that have been
formed earlier”. (Leont'ev 1981). This kind of dynamics from operation to action is often
called breakdown (e.g. Bødker 1987).
In order to discuss more about what a tool is, let’s take the example of a blacksmith,
who has to make a new artefact. In this activity he/she has an iron bar as an object of
work. The blacksmith strikes the iron bar with a hammer (tool) until the iron bar has
reached its form, the form that the blacksmith had imagined when starting the activity.
The subject transforms an object into a desired state, motivating the activity.
Vygotsky is specific about the difference of tool and a sign: “The tool’s function is to
serve as the conductor of human influence on the object of activity; it is externally
oriented; it must lead to changes in objects… The sign, on the other hand, changes
nothing in the object of a psychological operation. It is a means of internal activity aimed
at mastering oneself; the sign is internally oriented.” (Vygotsky 1978, p. 55)
In the principle of internalization-externalization Vygotsky (1978, p. 57) describes the
mechanisms underlying the origin of mental processes. It states that mental processes are
derived from external actions through the course of internalization (Kaptelinin 1996a).
According to Vygotsky (1978, p. 57) internalization is social by its very nature. The
opposite process of internalization is externalization. Mental processes manifest
themselves in external actions performed by a person, so they can be verified and
corrected, if necessary.
Engeström (1987, p. 60) points out that both technical tools and psychological tools
mediate activity. He also distinguishes between two levels of mediation: the primary level
of mediation by tools and gestures dissociated from one another (where gestures are not
yet real psychological tools), and the secondary level of mediation by tools combined
with corresponding signs or other psychological tools.
Yet another attempt to expand mediation by artefact includes schemes that together
with the artefact form an instrument: “As such, the mediating instrument has two
components: 1) an artifactual one (an artifact, a part of an artifact, or a set of artifacts),
which may be material or symbolic, produced by the subject or by others; and 2) one or
more associated schemes, which are the outcome of a construction process by the subject,
either independently or through the appropriation of pre-existing social schemes.”(Béguin
& Rabardel 2000). Schemes are an approach to the subject’s relationship to artefacts, for
instance, ‘uses’ by users.
We can see here that tools, psychological tools, signs, artefacts and instruments have
been used in literature in differing ways. In order to avoid confusion, therefore, I will
next delineate what I mean by instrument and why I want to use that term.
An instrument in this dissertation is a physical tool, or a conceptual, i.e. psychological
tool but it encompasses the subject’s relationship to the physical and conceptual tool in
collaborative construction of a shared understanding of the object between several
subjects:
1) An instrument can be an artefact, a representation, i.e. a physical tool. I include also
gestures in physical tools, since they are an embodied means to mediate thought.
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2) An instrument can be a psychological tool, i.e. a sign, or a thought, in the case of
product concept design, e.g. a product idea.
3) An instrument encompasses the subject’s relationship to physical and conceptual
tools, its ‘uses’ by users. Instruments are used in collaborative construction of shared
understanding between several subjects.
Example: A designer’s relationship to a situational physical artefact is described in
terms of a future artefact in order to study the current design object. The use of the
instrument in concept design situation occurs depending on the moment to moment
situated action (Suchman 1987). The subject exploits any instrument deemed necessary to
mediate between designers. A psychological tool can be an instrument to construct an
object, the instrument can become an object itself and be transformed by another
instrument, which previously was an object (cf. Chapter 3.2.3). This moving from
instrument to another I call the dynamics of interaction. It can be delineated as one
manifestation of subject’s relationship to a physical or conceptual tool.
All the means to convey a thought in a concept design situation are equally used
depending on the emerging need of the designer. The challenge then is to identify what
those instruments are and how they are used in the specific case addressed in this thesis.

2.4.2 Conceptual tools for analysing concept design activity
The concept design activity analysed in this dissertation is not a permanent activity
system in the sense defined by Engeström (1987, p. 78). However, it fulfils all the
characteristics of an activity: they were collaborative efforts guided by a common
motive/object that unfolded and revealed itself during the process. Therefore, instruments
to convey one’s understanding are meaningful, there was a genuine effort to make oneself
understood while collaborating on a common design object.
During the research I have constructed and here defined a conceptual tool for analysis
that I call design action. It is based on activity theory and the definition of action.
What is a design action? A design action is an action, which aims at a design goal. It is
a specific type of action in that the goal of action is not pre-determined but relatively
open.
Design activity consists of chains of design actions. The definition of design action is
more detailed than that of action, since it was meant to be a conceptual tool to help in
identifying sequences of design activity. Consequently, in order to identify a sequence of
design, one needs to define the start of design action.
Design action starts and can be identified by tentative ideas (Tuikka & Kuutti 2000,
publication VI).
Tentative idea: The first explicit utterances of a designer’s vision of a design object
becomes a tentative idea when other designers make it common. The idea is critiqued
or furnished in the subsequent discussion in the meeting.
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A design action is a process in the sense that it may pause and continue, since it is
interwoven with many design actions. In concept design, a design action ends when the
goal is achieved in the form of a representation that satisfies a designer or an ensemble of
designers. It may, however, be also lost and forgotten during the design activity.
Leontjev’s (1978) action is individual. Design action is individual too. But I argue that
in order to succeed an individual design action has a strong collaborative characteristic.
Design action is not on the level of design activity, since the aim is to create perhaps only
a seed of an idea to be used in collaborative construction of the design object. The result
may even be a sophisticated instantiation of the design object.
Why observe design actions? The unity of consciousness and activity in design means
a unity of context, which includes the artefacts, goals, designers themselves and their
history, in transforming the design object. The instruments mediate between designers,
these may be representations, artefacts or psychological tools. My incentive has been to
define concept design in a way, which uncovers the subjective goals of the designers,
while doing this I am also in a position to uncover the means of communicating those
goals.
Design action gives a frame to study what happens when an idea emerges and
designers transform their common design object. Thus, the benefit of design action as an
analytical tool is that it serves as a comprehensible fragment of design practice to study
designers’ interaction. It does not mean only identifying beginnings and endings of
sequences. Design action elicits a form to the sequences, i.e. it provides a tool to
understand issues that are important in the research material. Furthermore, applying
concepts of activity theory provides a common vocabulary for researchers when
analysing material and designing computer systems (Nardi 1996a, p. 10).
The goal of conscious design action is useful for computer systems design as well.
The gestures would be seen not only as gestures, a drawing would not only be a drawing,
etc. but they would be a significant part of the context of designers. Pointing out this
significance by design action would help to group and organise the means of interaction
and convey that understanding to the virtual design workspace.
What is interesting about design action? According to activity theory an activity has
an object. The collaborative activity of concept design is also oriented towards an object.
The interesting part of this is how this object, which obviously is common to the
designers, is formed, and what are the issues that affect the creation of the object in
common. How do designers express their subjective design object leads to new
knowledge about what we mean by the common object in the practice of concept design.
Chapter 3 further identifies the design object and how designers collaboratively construct
their shared understanding of this design object.
Another analysis tool, used during this research, and more familiar in the literature of
activity theory, is breakdown. Breakdowns related to the use process occur when work is
interrupted by some factor: perhaps the tool behaves differently than was anticipated, thus
causing the triggering of inappropriate operations or not triggering any at all. In these
situations the tool as such, or part of it, becomes the object of our actions. (Bødker 1996).
The operations in a specific action are not conscious to the human being. But through
conceptualisation they can be made conscious to us as the actions they once were; we can
name a specific sequence of operations and understand and explain reasons for their
application at the level which was the level of the former actions. (Bødker 1990).
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This conceptualisation, that Bødker (1990) mentions, can take place in breakdown
situations, i.e. situations in which some unarticulated conflict occurs between the
assumed conditions for the operations on the one side, and the actual conditions on the
other between the human reflection of the material conditions and the actual conditions.
What breakdowns are of interest? My interest has been in breakdowns during design,
i.e. how do designers use breakdowns for argumentation. Therefore, breakdowns to study
computer use has not been in focus. In the interaction between concept designers, the
breakdown in the use of the concept under collaboration is relevant, since sharing the
vision of the breakdown situation requires interaction. Designers use all their repertoire
or means of interaction in order to convey their understanding of the problem and to
argue on their opinion on the problem.
Chapters 3 and 5 describe how these two analytical tools were used in practice and
examples are presented on their use. The implications for designing computer support are
presented in Chapter 4.

2.4.3 Activity theory in computer systems design
Western researchers mainly have proposed activity theory as an approach to computer
systems design or for understanding computer systems use (e.g. Bødker 1990, Kuutti
1991, Raeithel 1992). Kuutti (1991) suggests activity theory as a framework for
Computer Supported Collaborative Work since they share conceptual principles, namely:
1) work is mediated by artefacts; 2) socially constructed meanings and cultural aspects
are taken into account; 3) work and the means for it are continuously reconstructed, and
thus the unit should be suitable for studying transformation and development; 4) activity
has a detailed internal structure; and 5) activity enables consideration of control and
conflict.
According to Kuutti (1998), not much concrete has been gained in the use of the
activity theory in computer systems design. He points out that: “Despite a relatively long
period of gestation, however, the practical application cases are still rare and those that
exist are not very straightforward; it is still far from clear how the theory might actually
inform design in practice.” (Kuutti 1998). This kind of statement requires further
discussion on what are the ‘practical’ applications, if they exist, and what does ‘a
straightforward in application of activity theory’ mean?
I will now explain how the role of activity theory has been considered as a support for
computer systems design. Both the human and computer interfaces have been the concern
in Nardi (1996b). Nardi (1996c, p. 8) delineates that activity theory can help by providing
orienting concepts and perspectives for understanding the relationship between man and
the machine. Activity theory does not offer “ready-made techniques and procedures”
(Engeström 1993) for research and the same applies for computer systems design as well,
especially for the problems related to group and organizational computer use (Kaptelinin
1996b, p. 57). Nardi (1996c) says, however, that the potential benefit of concepts and
perspectives is that their use can help computer system designers to move from ad hoc
invention to use of an established conceptual apparatus when designing user interfaces
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for computer applications. The problem for a computer system designer then arises as to
what concepts should be applied and how.
Kuutti (1998, p. 35) provides some insight into how information technology can be of
help at the activity level. Information technology can be a principal enabler for an activity
and it may make an activity possible and feasible and enable an activity to have an object,
that would otherwise have been impossible to grasp. In concept design, for instance, the
very least requirement for an information system is that it does not crucially hinder the
conduct of design activity.
The first published step in using activity theory as an approach for computer user
interface design was taken by Susanne Bødker (Bødker 1987). She presents a conceptual
basis for understanding human activity directed towards computer artefacts, and for the
design of user interfaces for a user acting on an object (ibid. p. 79). Moreover, she points
out that the computer can act as a medium between communicating human beings. For
instance, one can focus on how to mediate the communication between the user and the
human at the ‘other end’ of the medium, be it the programmer or the actual partner in
communication. (Bødker 1987, p. 21).
My intention is to study how the computer system can be useful in a concept design
activity. This means that the computer systems are not artefacts, which only mediate
among subjects (designers), but they are instruments that support collaborative
construction of the object (of design) (Chapters 4 and 5). By referring to computer tools
as instruments, instead of tools, I want to emphasize the role of the computer artefacts as
both means to mediate between the subjects and to construct the common object (Chapter
3).
Discussing the design of computer based artefacts Bødker (1987) points out the
purpose of future use activity for design: “The future use situation is the origin for design,
and we design with this in mind … To design with the future use activity in mind also
means to start out from the present practice(s) of the future users. It is through their
experience that the need for design has arisen, and it is their practice that is to be applied
and changed in the future use activity.” (Bødker 1987, p. 45)
In comparison, my brief is first to focus on product concept design, where the future
use activity cannot be derived simply from the need of users (Chapter 3). Although for
concept designers the users of future devices may not yet exist, the concept designers
themselves can be seen as the future users of new computer systems that have been
produced as an outcome of my work (cf. Chapters 4 and 5).
Turner and Turner (1998) are not satisfied with the usage of activity theory in
computer systems design and, in their words, no systematic way of conveying activity
theory into computer systems design has been presented or convincingly demonstrated.
Subsequently, Turner and coworkers (1999) examine how a preliminary set of
contextually grounded requirements for supporting the computer systems design process
can be created. They suggest that a contradictions-driven approach based on activity
theory to requirements is potentially highly systematic:
“Our intention … is to demonstrate that activity theoretic concepts can be used to
structure and organise the wealth of ethnographically acquired data, thereby achieving
a greater understanding of the processes and dynamics of a work situation; and, to use
contradiction to guide systems design.” (Turner et al. 1999)
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The idea is based on classification of the four levels of contradiction by Engeström
(1987). A systems designer could work through all of the permutations of primary,
secondary (and so forth) contradictions. Those contradictions found within a single node
of an activity are primary contradictions; those which occur between nodes are
secondary; those between an activity and a new form of that activity with a “culturally
more advanced” object are tertiary; and those between different activities are quaternary
(Turner et al. 1999). Their argument is that the gain with contradiction-driven approach
to requirements is not confined to the components of the work system in isolation, but
facilitates treatment of how changes interact with other aspects within and between
activities (Turner et al. 1999).
Due to systematic approach the organisation of results is interesting, but the exemplary
results Turner and coworkers (1999) present seem to fall short of the computer system
design point of view. First, they present examples in activity level, which from analysing
breakdowns produce, in the end, requirements for a system using video-conferencing and
a requirement for interoperability of e-mail systems. Second, they present contradictions
at action level, producing requirements for a new artefact to share notebook pages,
meeting capture software and finally changes in the activity. There is no discussion of
what kind of functionality these applications would have, or how. Their argument is that
suggested approach both ensures that requirements remain attached to the context of
work and provides an accessible, organised resource for later stages of analysis and
design. (Turner et al. 1999).
Collins and coworkers (2001) use activity theory and a mediating artefacts hierarchy
to help identify the needs for tools for customer support engineers who documented
solutions to customer problems. They also found that activity system tensions
(contradictions) provide rich insights into system dynamics and opportunities for the
evolution of the systems. Collins and coworkers (2001) consider that the seven elements
of the Engeström’s model were an efficient means of identifying fundamental parts of the
activity system. As a challenge they conclude that, although activity theory provided
them with insights, they needed complementary models and concepts for communicating
with others, since: “Even technology researchers and managers were daunted by the
activity theory models and terminology” (Collins et al. 2001). They also confess that they
avoided mentioning activity theory’s philosophy and psychological concepts. Even
though those concepts enhanced the researchers understanding, Collins and coworkers
(2001) found it difficult to use them in a community that communicates from an
engineering perspective.
Bardram (1998) uses activity theory as a theoretical basis for understanding the
cooperative work activities, which is supported by computers. He discusses distributed
collective activity (Bardram 1998, p. 25), that has not been addressed in any design
approaches based on activity theory. Bardram (1998) uses three levels, co-construction,
co-ordination and co-operation in collaborative work activity by Engeström (1987, p.
333) and proposes that computer systems to support such activity should be able to
support shifts in work from one level to another. I agree that these levels and shifts
between them are important for collaborative work in design as well. However, the focus
in this thesis is on the level of co-construction.
As is apparent from these examples given, activity theory can be used to derive
requirements for computer systems design. The critique presented earlier by Kuutti
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(1998) and Turner and Turner (1998), seems to be a quest for a more straightforward
method of applying activity theory to computer systems design, something that would
serve as a toolbox for designers when they need to move from data to design decisions.
Furthermore, I think that the problems in the field, as pointed out by Collins and
coworkers (2001), should be taken seriously.
My intention is neither to create a toolbox nor normative rules for what concepts to
use and how. This need has already been answered by Kaptelinin and coworkers (1999)
who present an artefact called Activity Checklist to support computer systems design:
“To make activity theory more useful, we have developed an artifact—the Activity
Checklist—that makes concrete the conceptual system of activity theory for the
specific tasks of design and evaluation. The Activity Checklist is intended to elucidate
the most important contextual factors of human-computer interaction. It is a guide to
the specific areas to which the researcher or practitioner should be paying attention
when trying to understand the context in which a tool will be or is used. The Checklist
lays out a kind of “contextual design space” by representing the key areas of context
specified by activity theory.” (Kaptelinin et al. 1999).
Moreover, Macaulay and coworkers (2000) discusses the use of the Activity Checklist
in field work.
The approaches using activity theory to inform computer systems design are
concerned with work practice on the level of activities: on the one hand, they are based
on the idea that contradiction has an important role in an activity’s development. The
activity checklist on the other hand is a step towards norm for systems design, i.e. what
should one consider when forming requirements for systems.
The literature studied neither discusses computer supported co-construction in activity,
nor the purpose of artefacts, i.e. why the artefacts are used as they are used, or what the
subjects intention is. Both the physical and conceptual artefacts, in the interaction
between actors in dynamic work practice, have been neglected and this is what is
important for concept design activity. Furthermore, the relationship between subject,
conceptual and physical artefacts and object has not been addressed in the approaches to
create computer systems for collaboration. There has been no attempt to study the role of
subjectivity, or historicity in collaboration, or the borderline where the subject
externalizes his or her thoughts and the processes which occur in order to do this having
computer systems design in mind.
The real problem and the actual source of criticism, as presented at the beginning of
this chapter, is that no clear-cut ways have been presented on how to convey the
generated understanding of a field, based on activity theory, to computer systems design.
The problems are e.g., how to communicate with people who are not researchers, or how
to point out that the selected theoretical approach actually brings results.
In this thesis I wanted to create a visual model of designers’ interaction based on
activity theory. The reason for this is that it provides a model for a discussion of the
implications of activity theory in computer systems we have designed. The design
process has been iterative and many application prototypes have been created and tried
out in practice. A similar approach is taken by Bellamy (1996, p. 128).

3 Concept design
This chapter is in two parts in order to respond the results that serve the first research
question: How do concept designers collaborate in concept design? In order to find ways
to provide computer support for remote collaborative designers, the question was divided
into two parts, the first part was aimed at identifying the settings where computer support
would be useful and the second addressed the interaction between collaborating designers
in concept design workshops. In the latter, the aim was to identify the instruments used in
collaborative construction of the design object.
Chapter 3.1 addresses the research question 1 a: In what kind of settings does concept
design occur? Concept design activity is defined in two ways, first, Chapter 3.1.1
describes the settings of concept design in small and medium sized product design
companies and, second, Chapter 3.1.2 addresses the characteristics of concept design
meetings as means to create new concept ideas and how representations are used to share
common design object?
Chapter 3.2 addresses the research question 1b: What is the object of design in concept
designers interaction? It reveals two sides of the design object in design action and their
reciprocal construction during the process by presenting examples from the research
material. Chapter 3.3 further maps the design action in terms of activity theory and
identifies the instruments of collaborative construction of the design object.

3.1 Settings of concept design activity

3.1.1 Characteristics of early stage of design.
An early stage of design is the phase where the product concept is created. It also
includes the interactions and tasks of concept designers to create a new product concept.
In the end, the outcome of the concept design process is one or more product concepts,
which form the basis for decision on further development of the product.
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The actual work practice of concept design depends on the specific work arrangement
of a specific company, where several designers from different disciplines collaborate in
designing a common design object. Thus, concept design activity, whether it is
distributed geographically or temporally has an object to create a new artefact. A
characteristic of early stage of design is that the design object does not exist in the
beginning of the process, neither conceptually nor physically. As a consequence,
designers have to collaborate to construct the common object.
The subjects who participate in the design sessions contribute with their knowledge
and personal background. These are individual resources which are brought into the
design situation. Thus, the subjects’ knowledge is composed of personal understanding of
the domain, which has been accumulated during their individual history. Personal
background refers to the personal choices in life, peculiar to each individual and their
personal perspective on the world. The designer reflects on this knowledge and
transforms the vision of the design object according to their own reflection on the goals
of the design group.
When an idea emerges the designer uses every available means to convey this idea to
the others. Drawings, gestures, drawings, lists, situational artefacts (cups, pencils etc.) or
physical prototypes (existing artefacts, plastic models) are the concrete means for
expressing the idea (Tuikka & Kuutti 2000, publication VI). The designer tries to convey
his or her vision and their shared understanding of the idea with others. If other designers
start to construct their vision on that idea, it becomes a tentative idea. Thereafter it
becomes a common object of design with a very specific goal to unwrap the issues that
are behind the tentative idea.
Designers are usually also from different disciplines, i.e. they have professionally
different perspectives on the design object. Disciplines in the concept design situation
may involve software, mechanical and electrical engineering, industrial design, usability
engineering, marketing research, etc. and the needs of the participants must be aligned.
For instance, an industrial designer and an electrical engineer must be aware of how
electronics can be fitted into the shape of the product concept.
Overlapping terminology, individual objectives and schedules are all issues which
affect the conduct of the concept design. For instance, since the socially and situationally
co-constructed knowledge of the future artefact is local (Grosjean et al. 2000) the
designers who arrive later to work in the design group may be confused by the design
rationale of the objects they are shown and must be updated before the work can continue
(Tuikka 1997, publication I).
Eventually, based on negotiation and selections, representations are produced for
further decision making about whether or not to start detailed design and production, or
how to organize the further steps of development. Subsequent steps are out of the focus
of this thesis.
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3.1.2 Distributed design in networked companies
The activity of two companies, that were stakeholders in our two research projects
(Helander et al. 2000, publication V), represent small and medium sized enterprises
(SMEs). These two companies provide subcontracting services for manufacturing and
design enterprises.

CASE 1: A small design office—focus on industrial design
The first company studied (Alpha) is a small design office located in the centre of Oulu,
Finland. In 1997, Alpha employed an entrepreneur and one industrial designer. Alpha
mainly does industrial design and has experience of concept design in different
application domains. The tasks are usually about form or functionality of a future product
concept. One of the application domains is the design of small hand held electronic
devices.
A relevant aspect for this company, as in most small design offices, is that social
networking is everyday practice. Taking care of customer contacts forms an important
part of the work, since all the work is done on a contract basis. In the environment where
the company operates, new tasks may appear depending on what kind of activities and
needs have emerged in the customer companies. When a need emerges, the challenge is
to find a specific set of skills to satisfy this need. In the network of actors, the
subcontracting designers must be actively aware of the emerging needs, since they
potentially provide further work in the future.
If the needs and the skills and resources of Alpha match, a new activity emerges. Quite
often the object of this activity is to design a new ‘product’ concept. The single inverted
commas around the word product denote the ambiguity of that word. A concept is not
necessarily a product from the customer company’s point of view. For them the concept
is a product when it is later sold to the customer. For Alpha, however, a concept can be a
product since it is aimed at an end product. In practice, the terms concept and product
tend to overlap.
The customers usually need a new concept to be designed, which they are able to
describe in terms of restrictions and requirements. The new concept that is created by the
subcontractor is usually presented to the customer in the form of large poster-type color
printout presentations. Other types of presentations are used as well, such as cross-section
schemes. The point is that the concept must be marketed to the customer. No matter how
good the idea is, the communication with the customer requires excellent presentation.
This argument is supported also by the fact that the people on the customer’s side may be
managers who want to make the decision in a limited timeframe and based on perceived
facts. The agreement on these facts is far easier with a good visualisation of the product.
The people belonging to the partner and customer network of Alpha can be from very
different disciplines, such as electrical engineering, mechanical engineering,
management, etc. The design work by Alpha is mostly idea generation and visualisation
of concepts for the customer. Computers are used as tools in this creative process to
produce both 3D models and 2D images.
Communication between Alpha and the customer is usually part of a larger design
process into which they enter when they start co-operation in order to produce something
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new. In this design process, communication is a continuous factor, which the interviewee
refers to as one of the “bottlenecks in design”. There are several issues in this
communication process, which the designers must be constantly aware of. For instance:
have the requirements been understood correctly by the designer? Does the customer
understand why a design was made as it was? How would any restrictions affect the
concept, e.g. country regulations? If these questions are not constantly addressed, the
concept may evolve in the wrong direction. In the worst scenario, the concept might
appear as something different to the design when it finally reaches production.
To avoid misunderstandings, various means of communication are used during the
design process. We can take an example of one customer, a large manufacturer in a
Scandinavian country. This company has a management team making decisions about the
direction of design. The material was sent by mail, but still the subcontractor had to travel
in order to communicate the ideas directly to the persons involved. Naturally, some of
this travelling is necessary to keep the customer contact active. For a small design
company like Alpha, however, that time is taken from productive design work. Computer
support for this part in the design process could be of help, to support communication at
least for some part of the information exchange. Furthermore, computer support could
connect Alpha more closely to the business processes of the customer, helping to avoid
last minute surprises for the customer.
At the time of interview, some customers were able to receive geometrical models
making communication easier. At least, it was possible to exchange files. In general, the
collaborating parties have computers and software of different technologies. There was a
strong desire to use the computer network more efficiently than had been done earlier.
Evidently, besides serving the communication with the customer the benefit of saved time
and effort was a strong incentive. The use of shared 3D technologies and virtual
prototypes over the Internet could be straightforward in Alpha’s case: by which they
could show a number of concepts to a customer during decision making process, perhaps
making quick on-the-fly changes to the concept and explaining the rationale of a concept
to a customer.

CASE 2: A small design office — combining disciplinary perspectives
“Beta”, the second company studied was a small product design company as well. At the
time of the interview, the company had three designers. They all had been educated in
different engineering domains: mechanical engineering, industrial design, and
manufacturing. Common to these engineers was that they had a vision of a good design
company, which had made them set up their own design office. In their vision, all areas of
design are equal and the product of a design process is a symbiosis of different
perspectives: “it is not the usability, industrial design, mechanics or manufacturing but all
of these together … which are the key for good design.” quote from an interview.
Beta is a company involved in high technology product design. It mainly does
subcontracting, which means that they must communicate intensively with their
customers about the requirements and design decisions. The design process in such a
situation incurs communication problems. These problems start already at the
requirement stage where the concept has to be specified, as more often than not even the
requirements are inconsistent.
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The highest risk in the business is, according to the interviewees, that the wrong
decisions are made in the early phase of the design process. Nevertheless, the design
decisions must be made with the customer on a competitive time scale. One of the
reasons for wrong decisions is that the co-operating organisations are unable to bring up
the most central objectives of the project. For instance, the customer is not able to ask the
questions which the subcontractor should be answering and vice versa, the subcontractor
does not know exactly what to ask about the product concept properties. A consequence
of this is a cycle of interaction where questions are asked as they arise and product
strategies are reflected and reconsidered. Thus, in collaboration, employees of two
organisations are forming a design activity where the first step is to form a common basis
for understanding and establish common goals.
On the subcontractor side, one of the engineers is the contact person for the company
although, if necessary, direct contacts with a specific designer can be made. The
customer’s project manager is considered the supervisor during the work. The maximum
number of people involved at the customer’s end is usually 5. It is a daily effort to keep
contact between companies since, there maybe 4-5 projects going on simultaneously.
Since the customer and the subcontractor live in different organisations, the
organisational terminology may cause problems in communicating the product
requirements. There have been cases where the partner in the customer organisation has
been from product marketing. Such a person has, by default, a different approach to the
product concept compared to the one from engineering background. As one of the
interviewees said: “... the terms may be the same, but we are talking about different
issues”.
Many of the dynamic processes and interactions between actors are difficult to
describe in detail. Nevertheless, interviewees at Beta pinpointed the following issues they
encounter constantly: 1) Problems of communication about the design object. 2) Defining
the design object by cost. There is a need to know the cost of the product in advance to
support decision making. 3) Awareness of the design process. In this company the
designers have a need to know what is going on in the design process.

3.1.3 Co-located concept design meetings
This description of co-located concept design meetings is based on the first (cf. Fig.3)
concept design workshops as described in Chapter 2.3.2. It should be noted that these
workshops were specifically organized for research purposes, and for that reason, aspects
of production, for example, do not emerge as they would in practice.

3.1.3.1 Emerging ideas as the basis of co-constructed design object
According to activity theory, activity refers to the meaningful context in order to
understand actions in a specific situation. In a concept design situation, the context is not
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only what is in the meeting room, but the context also encompasses the designer as an
individual, with a background and a history. This history has formed the individuals
capabilities and consciousness, so that in the design situation, in the meeting room, the
behaviour of this individual is very much affected by that background. I do not want to
suggest a deterministic perspective of the human, but I only want to point out that the
background of the individuals participating in the design has an influence on how the
final concept will be (Tuikka 1997, publication I). Tentative ideas emerging during the
design session then involve the history of the designers, their personal lives and the
process of design. From research material this influence can be picked up from the ideas,
the first explicit utterances of the designers’ vision of the design object.
Reconstructing personal histories would be arduous. Thus, the only remaining
possibility, within the limits of this work, to understand how a design action towards a
design object emerges is to identify and study designers tentative ideas during the design,
i.e. an idea expressed in a design situation and converted into a common goal for
collaborating designers.
In the concept design workshops that were organized, it was possible to identify ideas
which reflect how a designer has perceived some historically noteworthy design idea
from the history of design and inventions. This can be phrased simply as examples of
how things have been done earlier. For instance, a ballpoint pen having multiple pen nibs
with different colour is a seemingly a distant concept from a device of mobile
communication. These products were a novelty in the 1970’s and were then popular
among children. But the same people who possessed multiple colour pens then are now
creating new products. Since this historical artefact was familiar to almost everyone in
the group it was used to reflect on an idea of a pen nib changing mechanism.
Interestingly, the purpose of this particular presentation was that it led to another idea. A
tentative idea of component-based mobile communication device (pen phone) with
changeable modules emerged. The pen nib changing mechanism encompasses the
possibility to select from multiple colours. By analogy, a pen shaped mobile telephone
would have modules, and every new module would bring new uses for the mobile phone,
even the possibility to add a pen nib as a module. This kind of analogical reasoning is a
well-known phenomenon in design research (Bonnardel 2000).
A tentative idea is based on an idea presented during the design sessions. For instance,
an idea could be ‘a telephone set with a self-fastening microphone and a small ear-piece
behind the ear’. This very simple idea may have different variations, which are then
brought to the arena of discussion for comparison: attaching the microphone to a shirt,
attaching the microphone to skin, implanting the ear-piece inside the ear, attaching the
ear-piece behind the ear. These may appear as tentative ideas, to be used as a resource for
further idea generation and referred to every now and then. Since the designers create a
common history together it is easy to call up a previous tentative idea and shed a new
light on it. Thus, designers collaboratively construct their context and their shared
understanding of what they are doing.
Existing artefacts are also important resources for creating ideas and a shared
understanding of the design object. It is possible that some already existing artefacts have
similar features as the concept under scrutiny is supposed to have. For instance, every
participant of the design group basically know what contemporary mobile
communication devices can offer. Thus, designers are well aware of contemporary
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designs, probably they have been participating themselves in creating these designs.
Since designers may have a personal interest in design in general, they update their
knowledge of contemporary design following the development of their discipline. Merely
by being aware of new products on the street is useful for demarcating future design. For
instance, a competitor had invented a mechanical menu selector, which provided a design
solution coming from a competing design team.
Design innovations belong to the group of existing artefacts, but they do not have the
status of a mass-market product. These are artefacts, which designers consider as ‘neat
inventions’. Thus, design innovations the have potential to provide an analogy for the
problem at hand. An analogy is a useful aid in generating a common understanding of the
problem at hand. For instance, a miniature radio transmitter/telephone inserted in a tooth
filling was suggested during one session. The other designers were a bit unsure as to
whether this specific suggestion was a joke or not. The originator, however, revealed that
this kind of technology was in fact in use in Hollywood; implanting transmitter in a tooth
would be useful in a case of kidnapping. (Tuikka 1997, publication I, Tuikka & Kuutti
2000, publication VI)
Eventually the designers are required to bring forward a solution. A possible solution
is a tentative idea, with enough potential to survive peer critique. During peer critique the
possible solution is measured against any questions the designers might pose: Is this
solution legal according to the laws? Are there any regulations the solutions should
follow, such as European Union regulations? Are there cultural problems we should
anticipate? In the end the group does not necessarily have to come to a consensus,
whether their approach would work or not. The person who is responsible must prune and
graft tentative ideas and solutions in order to select the best approach. The chosen
solution is then a design object for further design work.

3.1.3.2 Representations of shared object of design
“No representation … is either complete or permanent. Rather any description is a
snapshot of historical processes in which differing viewpoints, local contingencies and
multiple interests have been temporarily reconciled.” (Gerson & Star 1986)
A representation is a tool for designers to express features of the object of design in its
physical or visual form. A representation mediates between the design object and the
subject and is a medium of communication for designers. For instance, in software design
representations may be object-oriented analysis descriptions guided by one description
method or another. They include prototypes, mock-ups, scenarios, pieces of paper in an
organizational game, and even ad-hoc sketches on a napkin (Bødker 1998).
The aim of this chapter is to describe what kind of representations can be used by
concept designers. They will be presented in the order they appeared during the colocated concept design workshops.
The workshops started with a lively verbal communication between designers
discussing the problematics they were facing. Verbal presentation gives the freedom to
describe ideas quickly and interchange opinions in a dynamic way. One of the main

72
benefits of verbal communication during the early stages of design is that it is not too
restrictive, there is no visible artefact constraining interaction. In principle, all the
designers are equal in presenting their ideas, since an elaborate drawing skill is not
required. Talk represents, in words and sentences, the vision of the designer.
Some of the designers present were visually more literate than others and were quickly
able to make sketches (Tuikka & Kuutti 2000, publication VI). These sketches were used
as a personal visual memo by the designers and they were seldom referred to. On the
other hand, notebook sketches were drawn continuously, which in the end emerged as
illustrations. The same forms later appeared in high quality visualisations as a new
concept.
Gestures and pointing supports verbal communication. For instance, gestures were
used to support argumentation on the physical dimensions of the future artefact. This
argumentation occurred without any artefacts, with just the hands and body as the only
element of representation. Dimension was represented between the thumb and forefinger
and compared to the size of a presenter’s pocket. In some cases the artefact was
embodied in which case the artefact was presented by hand. In the case of a headset, the
designer’s little finger of the right hand acted as a microphone and thumb as the earpiece.
In combination with verbal communication and gestures, situational artefacts also
have an essential role as representations in a design situation. These are artefacts which
are available to the designers because of their proximity and usually, they are not prearranged at the scene. For a designer any suitable artefact will do. Contextual artefacts
therefore have an important role as a communicative resource. For example, eyeglasses,
since many of the designers used them, were used to describe how a future device can be
attached, or how a retinal display can be positioned, or what kind of supportive structures
eyeglasses should include.
General features of the future concept were also introduced along with the situational
artefacts into the discussion. Such features refer to the form of the device. Thus, form
language was analysed and championed by one of the participating industrial designers.
A ballpoint pen emerged as an example of a form, which is familiar to everyone. A pen
would be small enough for the purposes the designers generally agreed. Such a form
allows freedom for more tentative ideas, functionalities and outlook of the device, but it
is already a constraint which rules out many suggestions. Consequently, a pen, which is a
physical object, was used as a common representation of the object of design. The form
of a pen was constantly referred to in discussions, a real ballpoint pen was used along
with gestures. Furthermore, functionalities of the form were studied with a repertoire of
gestures; by inserting it into a pocket, and out of the pocket and so on.
Visualisations of photographic quality give the design object a visual appearance.
Figure 10 presents a sophisticated visualisation that was produced by one of the industrial
designers participating in the design workshops (Tuikka 1997, publication I, Tuikka &
Kuutti 2000, publication VI). Making such a photographic quality visualisation is a timeconsuming effort and requires professional skills. Therefore, this task was carried out
individually and introduced in the third concept design workshop session. Other kinds of
visualisations could be used as well, e.g. cross-section pictures, or a computational threedimensional (3D) image of a product (Henderson 1999). Visualisations may also illustrate
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mechanical functionality, for example an explosion picture can show how a lid on a
mobile telephone is constructed.

Fig. 10. Photographic quality visualisation of pen shaped mobile phone. Six variations of the
concept. (Photo courtesy of Metsävainio Design Oy)

Figure 10 depicts two lines in the concept design discussion. The first line was the
idea that the future concept would be a user interface to a mobile telephone. Thus, the pen
shaped phone would be a wireless user interface to a central unit. The central unit then
would have all the functionalities of a mobile telephone. The user interface, would only
have the means to connect the device to the central unit. A family could have several of
these units using the central unit as a base station. The second line was that the device
would be a mobile telephone. In Figure 10, two of the visualised concepts represent this
idea. Those are the concepts, which have the number buttons from 1 to 0 for calling. The
use of these concepts will be discussed in Chapter 3.2.3.
A visualisation in fact tends to guide the group more than verbal interaction. When a
picture is introduced, as a futuristic drawing, or a photographic quality printout, a
visualisation is an advanced representation of the object of design. Verbal and gestured
representations of an idea have more freedom.
This chapter shows multiple ways to express a product concept within a product
concept workshop. If the representations range from gestured expressions to pictures,
they are snapshots of differing viewpoints, local contingencies and multiple interests, it is
a fair question to ask where is the design object. It seems to be more abstract than a
concrete, i.e. it is in the minds of the designers and not in determined representations. The
activity is oriented towards an abstract object constantly in transition and under

74
construction and manifests itself in different forms for different participants of the
activity (Engeström & Escalante 1996).
It is a challenge to pin down the design object as an abstract object, and the
instruments that are used for constructing it. Nevertheless, it is a necessity in the design
of computer systems to support remote collaboration.
According to activity theory, actions are oriented towards goals, defined goals. When a
tentative idea becomes shared, it also becomes an object for collaborating designers
construction with a goal to further refine it. At the moment an idea is expressed, it has a
defined goal that may or may not be taken for collaborative construction by other
designers. If other designers start to collaboratively construct on that idea, it is a tentative
idea that is shared by the designers. Although Leontjev (1978) discusses about individual
psychology, his conceptual framework gives room for this kind of interpretation of
action.

3.2 Two sides of the design object — the future artefact and
hypothetical user activity
“Our job is to give the client … not what he wants, but what he never dreamed he
wanted; and when he gets it, he recognizes it as something he wanted all the time”
Architect Denys Lasdun quoted in Cross (1999)
As this quote points out, a product can be something, which one has not even recognised
a need for previously. On that point, it is not surprising that probably the most important
insight during my work has been the identification of future user action and activity or
‘hypothetical user activity’ as an instrument (psychological tool) used in collaborating
designers communication. Obvious as it may sound, it was not clear at all in the
beginning of the work neither is it discussed in the current design research literature. For
instance, the methodical design literature refers to user-centered design (Holtzblatt &
Beyer 1994). In this thesis I ask where is the user, if the use activity has not yet been
established? This question is relevant for any method that aims to support design, even
for user-centered design (Bannon 1994).
The future user action as a mediator for collaborating designers was published for the
first time Tuikka (2001, publication VII). Activity theory recognises neither activity nor
action if it does not exist. This is why this user activity and action is called hypothetical9
(Tuikka & Kuutti 2001, publication VI).
The finding started to take shape much earlier than before the publication Tuikka &
Kuutti (2000, publication VI) after a substantial amount of field work and discussions
with designers.
9

Kari Kuutti suggested the word ‘hypothetical’ to make the idea clearer. I had used word ‘future’
instead of ‘hypothetical’. Recently, we have been developing the concept of delineating the role of
‘hypothetical user activity’ or proto-activity in design in general. (presented in workshops of CHI
2001 and COOP 2001)
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Hypothetical user activity means the future user activity and actions that collaborating
designers refer to during the design interaction, which they themselves collaboratively
construct and define during their interaction. More precisely, it is a collection of
contextualized user actions e.g. scenarios, that belong to an incomplete activity
because the actions are motivated by reference to a purpose. The activity is incomplete
in the sense that the collection of actions does not necessarily form a coherent whole.
Hypothetical user activity is an instrument, used for mediating between collaborative
designers in collaborative construction of the future artefact.
In high technology design, actual users may not even exist since the devices to be
designed may create a new kind of activity. When the product is more established, design
methods for artefact design can be used as an aid for creating an understanding of the
plausible markets, user groups and their environment. These methods are also useful to
support the design. However, in a design situation, such as the design workshops
discussed earlier, these methods are used at best as resources for design action.
Furthermore, designers may use these techniques, but in the design situation they have to
collaboratively construct their shared understanding of the design object. This is done by
reflecting the use by representations of the hypothetical user and his/her activity and
actions.
In conclusion, I argue that in the cases I have studied the design object has been two
sided, not only concerning the future artefact, but also the hypothetical user activity. The
basis and focus of this work is different from that of methodical approaches: I am not
suggesting a design methodology, although inferences in that direction could be
perceived. Instead, I am interested in the instruments the designers use in their interaction
with a view to providing computational facilities for remote collaboration.
I should be add that the concepts of activity theory have led me to examine the future
artefact and the hypothetical user activity as a design object and in the context of their
reciprocal relationship in a design situation. In the next chapters, these two sides of the
design object are discussed and explained as they emerge in design action. Examples of
situations where hypothetical user action is a mediator in the interaction are presented,
and I discuss how hypothetical dynamics of activity created by the designers of
hypothetical design activity is used in design action.

3.2.1 The future artefact as a design object
The design object belongs to the constantly evolving design process. At some point, the
design object turns into an artefact. In concept design activity the salient object of design
is the future artefact. However, on a closer investigation this design object is not so self
evident, it is difficult to state what exactly is the concept during the design process. In
fact, the design object in the design process seems to have multiple representations.
I have before listed the representations, i.e. the tools the designers use for the design
object. Representations are necessary for the designers to reflect on a common
representation in order to be able to work on the design object. This design object is the
abstract object, which someday may take the physical form of a product.
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Figure 11 shows an analytical distinction between the design object and its
representations (tools) according to the activity theoretical notion of subject, tool and
object. A representation can be seen to be mediating between the subject and the design
object.
At different points of the concept design process, the design object especially the
future artefact is represented by sketches, drawings, CAD images, situational artefacts or
physical prototypes. These representations in a design situation become an instrument to
understand and collaboratively construct the design object. The ability to conform to the
situation makes these representations instrumental. For instance, sketches and situational
artefacts can be used without further ado, and can be transformed from moment to
moment during the designers’ interaction.
In Figure 11 an individual design object is depicted as an abstract and mediated object.
It becomes reality in the representations and finally in the product, where it acquires all
the necessary final features and elements. In other cases, representations delineate only
some aspect of the design object.
The proponents of activity theory suggest that the object of activity is never finite and
exactly determined (Engeström & Escalante 1996). I agree with this opinion, since the
design object is abstract and the final crystallisation is only one instance of the
possibilities.
Representations:
Use case descriptions
Sketches&drawings
CAD images
Artefacts
Prototypes

Designer

Design object

Fig. 11. The mediated relationship between designer and design object in design action.

In concept design activity, designers make design actions towards a common goal. In
order to clarify the level of the analysis of the design actions, I will present some
examples.
A design action starts by a single designer expressing his understanding of the design
object, i.e presenting a tentative idea (Tuikka & Kuutti 2000, publication VI). The
tentative idea is the seed for a design object at a certain point of time, which designers
start to construct. It is presented by using any means possible for the designer to express
an idea. When the idea is presented, the group of designers may take the vision it
represents and make it a common goal of design action.
Collaborative construction of the design object occurs by furnishing or criticising the
idea (Tuikka & Kuutti 2000, publication VI).
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For instance:
The tentative idea 1: “We could use a combination of techniques, such as a telephone
set with a self-fastening microphone and a small loudspeaker behind the ear.”
How and why did this tentative idea emerge is not considered here. It would mean that
we would have to start guessing on the origins of a person’s vision. The only way to
study a tentative idea is to focus on how designers express it and where the expression
leads the design group. Other than that, we can only vaguely characterise that the ability
of generating tentative ideas is dependent on personal talent.
When the tentative idea has emerged, it may lead to a common and conscious goal to
elaborate the tentative idea further. The design action may or may not start, depending on
how the group reacts to the idea. If the tentative idea is approved it starts a design action.
Design action has a goal, which is to express the design object as a construct which
fulfils the expectations of the design group as work well done. This goal does not need to
be fulfilled for all of the tentative ideas. During the process ideas emerge, disappear and
possibly reappear. The design action may consist of only one or two comments.
Tentative idea 1 represents the design object verbally. It suggests a two component
solution for the object of a design activity: a new mobile communication device. Design
action continues and the designers try to align themselves with the idea by furnishing or
criticising it:
Furnishing: “Should we fix the microphone to the shirt or attach it to skin?”
Critique: “Is this legal?” “How would people feel about having an earpiece under their
skin inside their ear?”
The first comment furnishes the idea, since the tentative idea is accepted and the
comment takes it a step further. The critique points out the probable problems of the
tentative idea. All the comments on a tentative idea contribute to the common goal of the
design action.
The future artefact can be identified from the representations, as seen in Figure 10 in
photographic quality visualisations, or as in tentative idea 1 which presents the idea in
technological terms. The comment that furnishes tentative idea 1 is about the mechanism
to attach to the future artefact.
From activity theory point of view, the latter example (critique) illustrates how
cultural issues affect the design. It probably is not culturally acceptable to implant such a
device as an earpiece is. In some cases, for instance in healthcare, implants could be
acceptable. The definition of design action allows one to identify several similar design
actions from the workshop material.
A remark by Leontjev (1978) on the dynamics in activity theory suggests that an
action can become an activity. Leontjev (1978) only discusses how an individual action
becomes an activity. The design actions mentioned here are individual in the sense that
the object can be in the individual consciousness, but the object has a collaborative
characteristic. In practice also, any of the goals of design actions may become an object
of design activity. Thus, if the tentative idea and the resulting concept are good enough,
they may even start a new activity where the focus is on designing the object, whereas
previously that was only a goal for another design object.
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When presenting new tentative ideas in design action the designers constantly
transform what they think is their shared understanding of the design object.
Transformation of an object is done by the subject, but when the transformation occurs it
affects the subjects thinking and future choices. Thus, transformation is reciprocal, both
the designer and the design object are transformed.
In this way, shared understanding does not mean that individual understandings are
simply put together and summed up. Every individual has their own understanding of
what the group is doing. They must, however, align their with the message they
internalise from what the others communicate. The shared understanding is then
represented in what has been externalised from individual vision through representations,
such as drawings, situational artefacts, prototypes etc.
It can be conclued, that the future artefact is collaboratively constructed by the
designers and it is possible to study design at action level and find out how collaborative
construction of the design object occurs. For analysis purposes, a tentative idea marks the
start of collaborative effort towards a common goal. The design object is transformed
throughout the design effort. During the design process various representations (Fig. 11)
are used to create a shared understanding of the future artefact as shared design object.

3.2.2 Hypothetical user activity as a design object
The future artefact as a design object is easy to identify from concept design activity,
since it is represented in many observable ways. It also leaves a mark as a visualisation,
or a physical artefact. This chapter presents and explains the conceptual tool used. It is a
conceptual construct, subjectively constructed, but used as an instrument in collaborative
construction of the design object: hypothetical user activity (Fig. 12). Along with the
future artefact, hypothetical user activity (HUA) is also constructed, but one
characteristic of it is its ephemeral nature: traces of it may disappear after the product
concept has been delivered.

Future artefact

Design
object
Hypothetical user activity

Fig. 12. Two sides of the design object.
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Hypothetical user activity does not exist, it is present in the design situation only as
partial, subjective suggestions of what the possible user might do with the artefact in the
future.
HUA is constructed in collaboration by the designers in order to construct the future
artefact. Therefore, any possible meaningful use situation is presented in the
communication between designers and used as scaffolding for developing the design
object. The reason for introducing use situations in the form of hypothetical user activity
to other designers is twofold: to understand the nature of the future artefact and to
communicate one’s vision to other designers.
Hypothetical user activity is a conceptual construct, it is a vision of another activity
forecasted for the future device. Situational means for communicating this construct are
needed10. For example, two examples of verbal expressions of HUA which were
identified from the research material:
Hypothetical user activity 1 [subject]:“Let’s agree that we want to focus on women as
users!”
Hypothetical user activity 2 [tool]:“… the device is used in mobile communication”
and [object-motivation] “it is a device for a woman needing mobile communication.”
The hypothetical user activity as presented here is open-ended, thus providing
flexibility for creativity. Once the hypothetical user activity was agreed, most of the
design interaction was focused on the hypothetical user action level (Tuikka 2001,
publication VII)11
Hypothetical user action has a well-defined goal the user will take with the device. For
instance:
Hypothetical user action 1:“… making a phone call to her boss in order to say that she
will be late for the meeting since she is visiting a customer.”
This hypothetical user action is conscious of the hypothetical user in her decision to
make a phone call or not. The goal is to inform the boss of being late. In this action she
will go through a chain of operations, which depend on the conditions of the context. The
future artefact is part of that context creating the conditions for her to operate.
Besides verbal communication about hypothetical user action, embodiment and its
relation to the artefact are also important in the design and use of the artefact (Tuikka &
Kuutti 2000, publication VI). In design workshops, a lively discussion on the issue
emerged, while the designer was presenting hypothetical user action 1 and the particular
concept. He also acted out the user’s actions and operations. Acting out means using
gestures, describing the dimensions of the future artefact and its use. The designer also
used situational artefacts in order to refer to attributes of the future artefact, e.g. shape
and dimension.

10

Note: designers do not especially focus on the presented distinction, it is natural for them to refer
to these issues; use situations and artefacts i.e. to the means with an end.
11
The paper talks about user actions, and also refers to future user actions. The term hypothetical
user action appeared later.
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Furthermore, designers use the space actively, the physical environment they occupy.
Artefacts, such as pens, eyeglasses etc. were used to help explain a tentative idea. To sum
up, the use of a device in interdisciplinary design is an issue to which everyone can easily
relate.

3.2.3 Hypothetical user activity as an instrument for collaborative
construction
The purpose of this chapter is to illustrate how hypothetical user activity was used as an
instrument for discussion among designers (Fig. 13). The situation makes the
hypothetical user activity an instrument, so whether it is an object of design or an
instrument depends on the “constellation” of the activity. Similarly Engeström and
Escalante (1996) point out the relationship between the object and tool:
“There is nothing in the material makeup of an object as such that would determine
which one it is: object or tool. The constellation of activity determines the place and
meaning of the object.”(Engeström & Escalante 1996)

Tool
Representations

Subject

Instrument

Object
Future artefact

Designer

Tool

Design object

Representations

Subject
Designer

Object
Hypothetical
user activity

Fig. 13. Hypothetical user activity as an instrument for designing the future artefact.
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As a conceptual instrument, hypothetical user activity can easily be taken into use and
transformed. Any hypothetical action that comes into designers’ minds can be presented
quickly by acting out, gesturing, pointing out, by embodiment acting out or by drawing.
This understanding of the role of hypothetical user activity is different to that of previous
research, which studied gestures or various representations in design.
The subject in Figure 13 can be the very same designer, although it is not a role for
one designer to focus on different design objects. Figure 13 has been laid out this way
only for explanatory purposes.
The easy transformation of hypothetical user activity (HUA) is not the only benefit of
this instrument. Since the designers’ understanding of it is based on subjective vision, it is
also easy to take into use. Furthermore, a hypothetical user activity can be constructed in
collaboration, making it easy to understand by the designers. Benefits can be listed as
follows:
− HUA is easy to bring forward since it externalizes subjective understanding of future
use situation.
− As a conceptual instrument HUA can be easily transformed.
− HUA can be represented by acting out, gesturing, pointing etc. by physical actions.
− HUA is easy to understand by all of the subjects and thus is an object for collaborative
construction.
The dynamics of activity, as Leontjev (1978) points out, is the dynamics between three
levels of activity. Interestingly, the dynamics of the hypothetical user activity can be a
means for the construction of a shared understanding of the design object. Such a
situation is now discussed with an example.
Figure 10 depicted two kind of concepts: an interface to a mobile telephone and a
mobile telephone. During the workshop, argumentation on the latter concept, a mobile
telephone, included discussion on the small buttons of the device. Since there are 10 of
these buttons, they may be difficult to use.
In the workshop, one of the designers took the nearest pen as a showcase artefact and
started critiquing the tiny buttons. He showed, by pressing the pen with his fingers, how
small the buttons would be in comparison to finger size. Thus, by presenting step by step
how the user would use the device and pointing out the users problems in this use he was
critiquing the selected concept. In fact, the designer pointed out how the breakdown in
the use would make the hypothetical user shift her point of focus to the artefact and the
buttons instead of just making a phone call. Several other similar incidents took place like
this (Tuikka & Kuutti 2000, publication VI).
In terms of activity theory, the fluent sequence of operations becomes the focus of
action: the hypothetical user must look at the phone, pick it up in their two hands, and
start focusing consciously on the pressing of the buttons. The dynamics between levels of
operation and action, i.e. fluent use in contrast to conscious use of the device is a means
of argumentation for the design.
One should not forget that the presentation of hypothetical user action in a design
situation involves the use of gestures, and any situational resources that can be found
useful for argumentation. Designers may embody the role of the hypothetical user and
play the action as if he was the user. Thus, the designer ‘lives’ the user situation (Tuikka
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& Kuutti 2001, publication VIII). Any gesture then contributes to the message about the
use of the designed artefact and the co-construction of the artefact. The hypothetical user
action is constructed with these small cues.

3.3 Mapping the design action and instruments for collaborative
construction of the design object
Figure 14 presents a further step to model design action for concept design, based on the
concepts of activity theory. The reason for presenting such a model is to have a means to
convey the understanding of the domain and thereby support computer systems designers
to create new software according to that understanding. It should not be taken as a
normative model, nor an artefact that would provide enlightenment for analysing work
practice, as an activity checklist is (cf. Kaptelinin et al. 1999, Chapter 2.4.3).
Concrete
means of
interaction

Tool
Representations

Subject
Designer

Instrument
-drawings
-situational
artefacts
-pictures
-computer based
representations

Object
Future artefact

Tool
Representations

Subject
Designer

Object
Hypothetical
user activity

Fig. 14. Representations as concrete means of interaction in concept design.
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The model should be considered as a developing artefact to guide the development of
new computational artefacts to support collaborating designers. These computational
artefacts should in fact be regarded as computational instruments to support collaborative
construction of the design object.
On the one hand, a designer who externalizes a vision uses various artefacts for
representation as a means to understand what the future artefact is. These artefacts also
convey the understanding to other designers. Thus, the artefacts have two kinds of roles
in design, they are firstly used for a designer’s reflection-in-action, and secondly
communication between designers. On the other hand, representations are used to
understand the hypothetical user activity, which is collaboratively constructed along with
the future artefact. I have chosen to depict the hypothetical user activity as an instrument
for understanding the object (Fig. 13), for the purpose of simplification. The future
artefact is used for collaborative construction of the hypothetical user activity as well.
Figure 14 depicts the concrete means of interaction when the designers collaborate on
a common design object. It sets out the actual artefacts that are used to understand what
the designers are designing. They are tools that mediate between the subject and the
object.

Externalizing a
subjective vision

Tool
Instrument

Representations
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Object

Designer
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externalization
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Designer

Fig. 15. Externalizing a subjective vision.
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Hypothetical
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Figure 15 depicts the externalization of a subjective vision. I have placed the acting
out, gestures and pointing out, i.e. situations where the designer uses the body to
externalize an idea, close to the subject and overlapping the tool(s). The tools and
embodied actions, gestures, finger movements etc. are used together to provide and gain
insight on the future artefact and the hypothetical user activity.
Figures 13, 14 and 15 depict, in terms of activity theory, the instruments used in
collaborative construction of the design object. They are instruments in concept design,
since they are either artefacts or conceptual constructs used for collaborative construction
of the design object.
Two actions involving subject, tool and object, have been used only for
representational purposes. The final conceptualization can be simplified by presenting
one subject, and one tool. Due to the dual character of the object, however, I want to
present it differently. Figure 16 delineates the instruments for collaborative construction
we discussed and simplifies a depiction of the design action to a conceptual model.

Tool
Future artefact

Subject

Object

Designer
Hypothetical
User Activity

Instruments

-acting out
--uses
-gestures
--pointing out
-verbal
externalization
of experience

Concrete
means of
interaction
-drawings
-situational
artefacts
-pictures
-computer based
representations

Conceptual
construct

Hypothetical
user activity

Conceptual
construct
Dynamics in HUA

Externalizing a
subjective vision

Future artefact

Dynamics of interaction
Fig. 16. Conceptual model and instruments for collaborative construction of design objects.

In Figure 16, the concrete means of interaction are artefacts which are constructed
during the concept design activity. The dynamics in interaction is a concept that
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corresponds to the subjects’ relationship to the instruments, when moving from one
instrument to another.
For example, the model suggests that gestures are meaningful, they are used with
situational artefacts and directed towards hypothetical user activity or the future artefact.
The means of externalization, in the case of gestures, are interwoven with the use of
concrete artefacts in an attempt to understand the design object. The designer moves from
one instrument to another depending on the concept design situation. Finally, the
dynamics between the hierarchical levels of hypothetical user activity (Chapter 3.2.3) is
depicted with the label ‘dynamics in HUA’.
I do not claim that Figure 16 exhaustively delineates what occurs in design action. I
have chosen not to discuss here concept design on the level of activity since that would
make the figure more complicated. Besides, the concept design workshops do not
represent a real concept design activity since they were organised for the research. The
interaction in the design action, however, is real since similar ways to convey one’s
thoughts are needed in any design action. Furthermore, Figure 16 is clearly a
simplification of the interaction presented in previous figures. Also, I have not depicted
the personal experience of the subject, but point out that it is the externalization which
carries this experience.
Next, my intention is to link the achieved understanding of concept design action with
computer systems design. At this point, the benefit of the presentation of design action in
Figure 16 is that it is abstract, and in that way it does not constrain computer systems
design. Computer systems designers then have to decide in their collaborative
construction of computational artefacts on how the computational artefact will reflect the
idea.

3.4 Contribution
Concept design is the early phase of design, where the design object does not exist at the
beginning of the process. Instead it is collaboratively constructed during the design
process. Chapter 3.1 has delineated the settings where concept design occurs. In Chapter
3.1.2, two exemplary cases have been given to explain how concept design activity
emerges and how new activity is formed from the need motivating the original activity.
Such an environment forms a framework where concept design sessions occur. Chapter
3.1.3 discussed the concept design workshops. It was discovered that designers individual
background affects what kind of tentative ideas are expressed in the design situation. It
was also pointed out that designers construct the concept in collaboration. Consequently,
the representations for mediating between designers were discussed in Chapter 3.1.3.2.
Various representations to externalize a designers’ understanding of a common design
were presented. These included sketches, visualisations, situational artefacts, and gestures
regarding the attributes of future artefact.
Chapter 3.2 identified that there are two sides of the design object in design action.
Besides the future artefact, also the hypothetical user activity is constructed during the
design. Both of these are constructed simultaneously, the hypothetical user activity is
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ephemeral and there may be no traces of it after the work is done. Chapter 3.2.1 discussed
how future artefact emerges as a design object from tentative ideas and representations.
For a designer the representations are a means to reflect on and communicate on the
future artefact. Chapter 3.2.2 identified hypothetical user activity as a design object, as a
scaffolding to understand the future artefact in use. Examples of the hypothetical user
activity as an instrument for collaborative construction were presented in Chapter 3.2.3.
Chapter 3.3. mapped the design actions and instruments for collaborative construction
of the design object. A conceptual model based on activity theory was presented to
describe the relationship between the subject and the design object. This model was
enhanced with a depiction of instruments used for collaborative construction of the
design object in a design situation.
The main contribution of Chapter 3 was the recognition that in concept design activity
not only is the product concept, the future artefact, the design object, but the designers
also construct the future use activity, called hypothetical user activity. This was identified
by applying activity theory.
My approach has been different from the current design research literature where
research on design is characterized by a protocol analysis of each moment of interaction
between designers (Cross et al. 1996). The analytical framework helped me to identify
that the designers have an object in design action.
On the other hand, this case has forced me to reconsider what action is when subjects
are in close collaboration. Accordingly, design action is similar to action by its definition
as individual action, however, design action also has a collaborative character. This made
me create a tool to identify design action, the tentative idea, and to define design action
from the material.
Furthermore, as a concept does not exist in this early phase of design, the
understanding of the future artefact and the hypothetical user activity is collaboratively
and gradually constructed by the designers. I have identified instruments of collaboration
that designers use in order to share their understanding among the group. A tool is an
instrument when it is used for collaborative construction of the design object.

4 Towards computer supported concept design
This chapter answers research question 2: What issues should be taken into consideration
when designing computer systems to support geographically distributed synchronous
concept design? The chapter answers research question 2 a: how to convey an
understanding of concept design action into computer systems design? Also, the chapter
answers research question 2 b: what kind of ideas can be generated for computer systems
design. I will not go through all the exemplary applications, since only my team produced
some 16 software prototypes during the VIRVE project, including the confidential
applications.
In chapter 4.1, the general requirements for virtual prototyping applications for
designer-customer collaboration are listed (Tuikka & Salmela 1998, publication III). The
requirements were derived from the interviews at the start of the software application
development in my team. These requirements delineate what the computer systems
capability should be in order to be useful.
During my research process the application prototyping and conceptual theoretical
development have occurred concurrently. Chapter 2.3.3 already indicated why application
development was needed in the research process. The conceptual model of Figure 16
provides a reference for computer systems designers creating computational systems for
collaborative design. It is a step to convey understanding of concept design into computer
systems design. The next step for computer systems design is discussed in Chapter 4.2. In
that chapter the graphical depiction is converted into questions that guide the design of
computer systems.
In Chapter 4.3 three software prototype systems are presented and discussed. Chapter
4.3. presents some ideas that can be generated for computer systems design. Software
technology is not discussed in detail here, since the applications are only meant to present
the design ideas. Technological descriptions can be found in the following publications:
Salmela and Tuikka (1999), Tuikka and Salmela (1999, publication IV), Halttunen and
Tuikka (2000), Repo (2001).
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4.1 General requirements to facilitate designer—customer
communication
The aim of gathering general requirements was to support the design of virtual
prototyping applications where the virtual prototype is a three-dimensional model of the
design object in common. A virtual prototype would represent e.g., the current status of
the design object for interdisciplinary designers of an engineering group (Tuikka &
Kuutti 1997, publication II).
In pursuit of the general requirements for a computer system to support
designers—customer communication emerged in the interviews and discussions during
the field work (Tuikka & Salmela 1998, publication III):
The computer system should work with various kinds of equipment. We should aim to
support various computer environments, since the customers use heterogeneous
equipment and operating systems.
The computer system should be easy to use. This requirement was emphasized by the
interviewees. They do not want to have just another complicated system, since there are
already many complicated systems in use, such as CAD systems.
The computer system should be smoothly integrated to the design practice. CAD
systems are commonly used as an aid in industrial, mechanical and electronic design for
the specification and development of a product. Any computer system to be built should
be integrated with the other systems used by designers.
The computerized visualisation of the concept should be of photographic quality.
Some designers use photoprints when presenting a product concept to a customer, some
use three-dimensional CAD models, showing the exact representations of the concept.
There should be an easy way to transfer files to customers. In SMEs, the computer
connections seemed to be difficult to establish, maintain and use. During the interviews
(1996-97), modem connections were used mainly for transferring files. Latterday data
connections are far better but, in practice, there always seems to be problems in sharing
the files, e.g. problems with file versions, conversions from file format to another, or even
settings in e-mail applications.
3D models should be synchronized for collaboration purposes. Facilities for
synchronization would be helpful in finding common points for discussion from the
concept. These synchronization facilities would involve synchronized movement of the
3D model on two or more screens, providing shared viewpoints, and a means for
directing the focus of discussion.
The computer system should support awareness between designers. This awareness
would include, for instance, knowing who are other users are in the design session and
what 3D models are in use and by whom.
There should be a way to store and recall the decisions made. In the course of a design
session, the designer usually wants to show what a certain change of properties would
mean for the concept. Thus, the designer should be given a chance to save various
configurations. It would also be useful to be able to recall the reasons for decisions, since
decisions may again be put under scrutiny in the light of new or subsequent information.
This set of requirements was a guideline for the first implementations of our virtual
prototyping systems. Not all of them were addressed during the development. The
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requirements determined what kind of technology was used, e.g. WWW was chosen as
the technological platform. Furthermore, close collaboration with the industrial partners
constrained what intermediary file formats should be used and what the process of
converting one format to another is. The applications using the selected technology are
presented in Chapters 4.3.1 and 4.3.2.

4.2 From design action to computer systems design
The generated conceptual understanding of designers’ action and the instruments used in
Chapter 3.3 is a step to formulate and convey the salient features of concept design
activity into computer support. The graphical depiction does not, however, directly serve
as a guide for what should be considered when computer systems are designed for
concept designers working synchronously at a distance. The conceptual model (Fig. 16)
remains the same, but the instruments used for collaborative construction of the design
object are potential targets for computer support. As a matter of fact, in order to succeed,
the computer support should serve as an instrument for the collaborating designers
constructing the design object.
The choices for selecting what will be included in the computer system are still broad.
However, they are not longer ad hoc. Now it is possible to address the issues that are
important in concept design action. The following questions are examples which can be
extracted from the Figure 16. The nature of the questions depends on the situation where
the persons who analyse the design action. A similar approach has been taken with the
activity checklist by Kaptelinin and coworkers (1999).
Externalization: How should the computer support for the externalization of
subjective visions for collaborative construction of design objects be designed?
The concrete means of interaction (artefacts): What concrete means of interaction
should be provided for a collaborative situation?
Hypothetical user activity: How should hypothetical user activity be embedded into
computer support? How should the dynamics of hypothetical user activity be included in
the computer system?
Future artefact: The future artefact is represented by the concrete means of
interaction. Since the future artefact is collaboratively constructed, it is possible to ask:
what are the computer-supported parts of the future artefact and what do they serve?
Finally, there is the dynamics of interaction, an example is how a subject’s relationship
with the tool can be defined. The dynamics of interaction meant that all the instruments
are intermingled, when used, and the designer can move from one instrument to another.
How should the computer system support the dynamics of interaction?
This set of questions is by no means exhaustive. The power of the conceptual
framework is that it makes one think of alternative questions and categorize them.
Examples of more questions which come up and how these questions can be answered
are presented in Chapter 4.3 and 5.
To serve design, use scenarios of computer systems were created. Moreover, computer
systems were iteratively developed to communicate the vision of solutions and used
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technologies with research partners. Chapter 4.3 presents some of the technologies and
application prototypes that have been developed. Thus, computer system prototypes were
introduced to the future users (Bødker & Grønbæk 1996), and they were used in
laboratory setting in the evaluation phase (Chapters 2.3.4 and 5). The presented questions
are further referred to in connection with the design of computer systems in Chapter 4.3.
In remote computer-based concept design, the designers’ collaboration must occur
using computational representations. These representations are the concrete means of
interaction the collaborating designers share in their common virtual design space.
Computational representations should be instruments in the collaboration of designers,
easily used, without disturbing the process of creative interaction too much. In such a
setting the computational tools should serve both the externalization of ideas and
communication by physical artefacts. The following paragraphs outline the computational
means that can be used to mediate between designers at a distance.
Audio. An audio communication channel can be used to carry the designers voice.
Words and sentences are fast and flexible in mediating between designers. An audio
channel should provide flawless communication, any disturbances, such as delays,
missing parts of speech would break the communication and shift the designers focus
from the design object to the sentences and further to devices.
Text. A shared text tool is any tool, which lets the designers share text data on line.
Such a tool could be a talk application, or a shared document. A textual representation
records the line of discussion, and can be used as a reference during discussion, for
collecting ideas. Text as a medium provides freedom to the designers, it does not fix the
imagination to a form. The downside is that someone has to write the text during a
concept design session and writing may slow down the discussion. On the other hand, the
aggregation of ideas serves as a common memory and helps geographically distributed
collaborators to discuss issues in common.
Drawings. A shared drawing tool (e.g. Lu & Mantei 1991) can be used to create a
common virtual space for geographically distributed designers. A drawing may represent
a tentative idea of the future artefact or its technical environment to open discussion on
the hypothetical use of the artefact (cf. Fig. 22). A drawing tool provides freedom of
presentation, but the success of the drawing action is dependent on how the actual tool
will support the act of drawing. Due to the nature of the tool, the person using it will be
the focus of the presentation.
Picture. A picture can be a visualisation made by one of the designers, it may be a
picture taken during the session, or a picture found at some other source. Anyhow,
technically, the dynamics of interaction requires that a picture must be smoothly entered
into the computer system and be easily shared. Pictures, as well as any other
representations, are not presented without a purpose. The depicted artefact may be
inscribing the ideas from previous sessions, such as specific form, a mechanical solution,
etc. or it may exemplify a user situation.
Situational artefacts are those artefacts, which reside in the physical space of
designers. These are representations, which cannot be computerised, since they are
physical. Their picture can be taken, though, and the use situation represented in the
picture. Situational artefacts are important since they are readily available and can be
used to convey an idea with the appropriate attributes such as form, function, colour, or
dimension. From a computational point of view an interesting question is how to combine
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physicality and computationality to create a useful systems for collaborative concept
designers.
Video. Video over computational systems can mediate between two or more physically
remote sites. Video has the specific potential that it not only can mediate between
physical spaces, but also it can convey gestures, embodiment and artefacts and sequences
of hypothetical user action, while discussing on future artefact. Furthermore, video can
provide an awareness of persons in remote physical spaces, and support in the form of
turn taking.
Shared virtual prototypes, the concept and technology to be used in implementing
them have been the focus during the research projects (Chapter 2.1). Thus, the borders of
the whole concept of shared virtual prototyping have been tested during this thesis.
A virtual prototype is a representation of the future artefact. An obvious question is
how much information would we include on the future artefact under construction. It
would not be reasonable to simulate a total functionality of the future artefact right in the
beginning of the prototyping. An exact visualisation and simulation would ruin the value
of innovation and the virtual prototyping tool being an instrument for collaborative
construction of the future artefact.
The functionality of the virtual prototype provides a chance to convey hypothetical
user actions. A potential benefit of virtual prototypes is in design and user testing of the
future artefact (Kuutti et al. 1999). As I found out during the field studies too, several
concepts are usually created for discussion. In such a situation, shared virtual prototypes
could be used to present some ideas of the hypothetical user action. This discussion
shows that the concrete means of interaction and hypothetical user actions become virtual
with computational representations.
What could make concept design over distance problematic is that there are no
tangible artefacts to mediate interaction. Designers cannot easily use situational artefacts,
the embodiment, gestures and physical space to act out hypothetical user actions are not
available. The only way to proceed is to, if not recreate them computationally, create
those virtual instruments that are vital to convey a designers’ vision of the design object.
The problem for a computer systems design then is to decide what are the vital
instruments. Besides the representations of the future artefact, the means to convey
hypothetical user activity are vital. Thus, embedding hypothetical user activity into the
mediating computer system is a problem to be solved. However, being a conceptual
construct, hypothetical user activity does not determine how and what technology to use
to achieve this. Chapter 4.3 describes this issue in more detail.
The dynamics of interaction means that designers quickly move from one instrument
to another and use all the concrete means for interaction in conjunction with the means to
externalize subjective vision. The computer system should therefore support these
dynamics, allow quick change from one representation to another and if possible convey
also any means that are used to externalize an idea, such as embodied action (Robertson
1997b). In the next chapter, I will describe application prototypes, which aim to exploit
the current software technologies to implement some of the ideas generated in this thesis.
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4.3 Emerging computer tools for concept designers
In this chapter three application prototypes are presented. They have been built to prove
the concept, being a part of an application demonstration set delivered as a product from
the research projects (Chapter 2.1). WebShaman was the first developed application
(Tuikka & Salmela 1999, publication IV). Several versions of the WebShaman have been
since built and the last one of them is WebShaman Lite (Repo 2001). Those two versions
presented in this chapter use WWW technology to share virtual prototypes. The third
application, DigiLoop, is a different kind of system. It was developed to study how
situational artefacts can be intermingled with virtual prototyping systems. This chapter
presents details of the kind of ideas which can be generated for computer systems design.
Thus, answering the research question 2b.

4.3.1 WebShaman
WebShaman (Web-based shared manufacturing) application prototype exploits existing
World Wide Web techniques, thus avoiding non-standard techniques (Trevor et al. 1997).
As an application prototype, it demonstrates shared virtual prototyping for geographically
remote designers. Figure 17 depicts WebShaman user interface along with a shared
virtual prototype.

Fig. 17. A version of WebShaman application prototype.

The window in Figure 17 is a modified WWW-browser with a VRML-browser and a
Java-applet (Brutzman 1998). A collaboration panel resides in the Java-applet, including
part of the collaboration features provided by the system. There is a list of virtual
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prototype users to support awareness and two buttons to ask and release control of the
virtual prototype. In this implementation one virtual prototype means the same as one
session including one or more designers. If another WWW–window was opened, a new
session would start, with new participants in the list.
VRML-browser contains the virtual prototype. It is a virtual representation of the pen
phone (cf. Fig. 10), with a small simulation of functionality: using the mouse the buttons
can be pressed and the information on the display changes. These events are
synchronously shared with other designers in the session.
The following features in total were present:
− Virtual prototypes are local. Only events are distributed across the network to clients
with virtual prototypes. When a change is made all the clients involved in the design
session are informed of the change. Therefore, a specialized server exists in the
network, which logs the clients, distributes the messages and stores user information
(Repo 2001).
− Attributes of the virtual prototype can be changed (color and size).
− Virtual prototype can be pointed at with a synchronous 3D pointer.
− A floor control mechanism manages user turns. In Figure 17 the specific virtual
prototype is shared by two designers listed on the right. The designer in control of the
design session has a special icon, whereas the next in line asking for control has a
number corresponding to the order of control request, i.e. first-1, second-2 etc. While
one designer is in control the others are not allowed to make any changes to the shared
virtual prototype.
The general software architecture of the WebShaman implementation in Figure 17
exploits ‘smart virtual prototyping’-techniques developed at VTT Electronics (Salmela &
Tuikka 1999, Salmela & Kyllönen 2000).
At this phase of development in the project the focus was mainly on deciding a
suitable software architecture for building shared virtual prototypes. During the work this
meant implementing a robust system with a general software architecture. WebShaman
features, i.e. collaboration features, were implemented inside this general architecture.
WebShaman should be considered as part of a wider collaboration environment, which
would also include other representations as discussed in Chapter 4.2. Although
constrained by technological selections, WebShaman encompasses some ideas to support
collaborating concept designers. A virtual prototype is a representation of the future
artefact, which involves a means to support collaborative construction of the design
object. Although, a simulation tool was not included in this version, such a tool could be
implemented to support concept designers in building functionality.
In order to create a virtual prototype visualisation, the designers should be allowed to
use the CAD application they are used to work with. The resulting CAD file can then be
converted to a virtual prototype file format. In this thesis, I will not go into the problems
the technologies cause.
Since previously designed artefacts are important to point out a design idea, a storage
of virtual prototypes could be constructed. ‘Find’ features would be useful for such a
purpose.
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On the hypothetical user activity level, the system could provide a space for listing
what the activity the designers focus on is with the implementation of this virtual
prototype. For instance, “the users of these concept are women who need a mobile
communication device, the form and size of the device have been designed for this
purpose. The pen phone fits into the purse, and the form language is familiar to every
user …”. Next, the hypothetical action level argumentation would be stored. The
argumentation is connected to the particular representation. For instance, “… with this
concept she can add and change modules depending on her situation. A module can be a
pen tip, lipstick, flashlight, etc. Examples, of these situations are…”. These are examples
that furnish the idea of a modular construct. Alternatively, critique could also be
presented for discussion.
Simulated actions could be presented on a detailed operational level to express a
breakdown with the future artefact. The virtual prototype may involve functionality.
Events can be recorded and played back to support discussion of the features.

4.3.2 WebShaman Lite
WebShaman Lite12 is the last of the WebShaman line of application prototypes. The main
idea was to provide shared virtual prototyping for geographically distributed designers as
simply and easily as possible. Thus, WebShaman Lite was designed to be compatible
with the CAD applications used by our industrial partners. As in the WebShaman, these
applications use the WWW as a substrate as well. The WWW makes the system operable
in heterogeneous machines, and allows easy file transfer over the Internet. Client
applications were intended to be small and simple, reducing the size of transferred data.
Finally, since we wanted to use WebShaman Lite in evaluation workshops, it was
developed as a robust application, with the idea of less functionality and more robustness
in mind.
During the autumn 2000, we made a few iteration rounds on the basic design and
started to implement the application13. WebShaman Lite consists of a server residing in
our group server machine, it controls the incoming files using Java-applets and Python
based scripts (Chun 2000). WebShaman Lite application is depicted in Figure 18.

12

The name ‘WebShaman Lite’ refers to a small amount of code and transferred data. I sketched it
schematically for the first time while visiting at C3 Suunnittelu Oy in October 2000.
13
Pertti Repo was designing and implementing the application. He suggested ‘Lite’ as the name of
this application. A detailed presentation of the application can be found in (Repo 2001).
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Fig. 18. WebShaman Lite – web page with ‘help’-window.

The window in Figure 18 is a WWW-browser window. On the WebShaman Lite webpage, a Java-applet called ‘Product Browser’ supports the file transfer functions and
provides awareness of the web site. Product Browser implementation in Figure 18 lists
the system users in an information tree, i.e. those designers who have opened this web
page.
Product Browser of Figure 18 shows two products (Flogiston and Test), which both
contain 3 virtual models. Some awareness of the events is supported by the infotext-field,
on the lower left corner of Fig. 18.
The buttons above ‘Product Browser’-label are: 1) Publish a model, which opens a
new web-page for uploading a virtual model from designers workstation. 2) Private view
to a model, opens a private browser window for a selected model. 3) Collaborative view
to a model, opens a synchronous collaborative browser window. 4) Help-button, shows
help text, and 5) X-button, ends the session. X-button, however, does not close the
WWW-browser window. Session can also be closed by closing the WWW-browser.
Figure 19 shows the WebShaman Lite application with four model browser windows
opened on the desktop.
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Fig. 19. Designer’s desktop, two models in two different browser windows: collaboration and
private views.

The collaboration windows in Figure 18 include a minimal Java-applet called
WebShaman Collaboration Manager. It is a small applet, which has only one control and
two informative icons in it.
A traffic light icon indicates the status of synchronous connection. A green light means
that the application has successfully made a connection to the collaboration server. The
one and only button in the applet supports changing turns of control of the virtual
prototype. The icon of this button is a gavel. By clicking this button the designer either
takes control, or releases control. If someone has control, the user sees another icon
indicating their order number in the control queue. The controlling designer can rotate the
shared virtual prototype and other workstations with the same virtual prototype rotation
to the same viewpoint. Furthermore, a shared 3D arrow can be used to point out items
during the design discussion.
No component editing features were included in this application unlike what we had in
WebShaman. If necessary the designer can quickly make changes in the CAD
workstation and then simply upload the exported model to WebShaman Lite. During the
upload the system automatically parses the file to a format which the system recognizes.
Simulation of virtual prototype has been excluded in this version as well. Adding a
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simple attribute modification and simulation toolkit would be rather easy, since we
already have the parts in other applications.
WebShaman Lite system supports the externalization of the tentative idea. The
designer can use familiar tools and quickly upload a visualization into a common virtual
workspace. Several alternatives of the concept can be laid out on the desktop as
representations of the future artefact.
In WebShaman Lite some of the benefits of computer systems have been exploited,
e.g. file transfer and synchronous collaboration a virtual objects in common during
remote collaboration. A presentation can be prepared by developing several virtual
prototypes and upload them for sharing, and virtual prototypes from the system can be
opened and shared when necessary. Hypothetical user actions, embodied actions,
gestures, or gaze are not supported. A shared cursor can be used in order to point at
objects in the virtual artefact.
The design rationale for both WebShaman and WebShaman Lite was based on a
thinking of how how they should be built using the WWW environment. However, we
wanted to experiment with more exotic user interfaces, in an attempt to find more
dynamic environments to support collaboration between designers, while preserving the
features of virtual prototyping. As a result, Digiloop-system was developed.

4.3.3 Digiloop
Digiloop, is a system that uses virtual prototyping technology together with physical
artefacts. The design aim was to make this linking of physical artefacts and virtual
prototypes so seamless that the user would perceive them as one entity. I created the
vision of Digiloop14 at the end of 199815.
One of the clues leading to Digiloop was that a virtual prototyping system should
include situational artefacts in the concept design action (Tuikka & Kuutti 2001,
publication VIII). Furthermore, the easier the system could do this, the better.
Consequently, the result would be a system to support designers reflecting on the
dimension and feeling, the kinesthetic and fingertip knowledge (e.g. Henderson 1999, p.
112) of the future artefact with the possibility of studying the functionality of the future
artefact at the same time.
Figure 20 illustrates the physical setting of the Digiloop-system (Halttunen & Tuikka
2000). Collaboration features were not built into Digiloop, but obviously such remote
features could be useful in future implementations.

14

‘loop’, a small or narrow opening, as in a wall; loophole (Webster's 1996).
Digiloop was implemented by Virtu Halttunen. The system was demonstrated in the sixth
European Conference on Computer Supported Cooperative Work, ECSCW ’99. The software was
published 16.8.2001 in the WWW under BSD licence: http://www.hci.oulu.fi/digiloop/
15
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Fig. 20. Physical setting of Digiloop-system.

In Figure 20 the user is wearing a dataglove in his right hand. The position tracker
device on the table has a transmitter which generates an electromagnetic field. Two
receivers are indicators for the position of artefacts, one is fastened to the dataglove and
the other is fastened to a physical artefact. The information from the receivers is then
used to calculate the position in relation to the transmitter.
A flat panel display is positioned between the user and the work area where the
physical artefact, a situational artefact, or a physical rapid prototyping model, can be
manipulated. Thus, the display acts as a ‘loop’ into the virtual world. Through this
‘digital loop’ the user can see the virtual prototype corresponding to the physical model.
Since the position of the physical object is tracked, it is likewise possible to track the
virtual prototype. The virtual prototype seems to be overlaid on the physical object,
which gives a feeling of a unity between virtual and physical objects.
The user’s hand and dataglove are tracked to provide a way to point at the prototype.
The finger and wrist joint angles are received from the dataglove, and the hand is
represented as a virtual hand. The Digiloop-system calculates the collisions between the
virtual hand model and the objects of the virtual prototype. Thus, if a collision occurs, a
button is pressed, triggering an appropriate action in the virtual prototype.
Situational artefacts, 3D thermal plastic prints etc., can be used as physical artefact.
3D prints can be created within a few hours, but exact CAD data is required to do that.
Since both virtual prototype and CAD information are computational data, the data can
be sent anywhere in a matter of minutes, and with 3D prints the data can be used for
concept evaluation.
The reason for selecting a dataglove as a user interface, with a combination of a flat
panel screen is twofold: 1) This way the user interface is easy to use and gives real
feedback (cf. Fig. 2). 2) The physical setting allows a smooth transition from physical to
virtual. Therefore, it is possible to seamlessly use the physical artefact in the actual
physical environment and, if necessary, study it with the virtual prototype.
The insight is that the system provides an artefact-related means of interaction through
computer based representations, with the possibility for the user to act out, make gestures
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in space, and study the artefact in physical space. Hence, when a designer reflects on a
future artefact, he can also reflect on its hypothetical use.

4.4 Contribution
By defining design action, I built a conceptual model of design action. This includes the
instruments in a design action, in the subjective externalization of a vision, the concrete
means of interaction, hypothetical design activity and the future artefact. The
presumption is that by delineating the instruments of collaborative construction of
concepts design, it is possible to convey such instruments to support remote collaboration
into computer systems.
Chapter 4 answers research question 2, what issues should be taken into consideration
when designing computer systems to support geographically distributed synchronous
concept design. Chapter 4 has presented several issues to be considered to guide the
computer systems designer from an understanding of concept design to actual design of
computer systems. Chapter 4.1 delineated general requirements for virtual prototyping
applications, that were considered important by the interviewed designers. Chapter 4.2
discussed the instruments from a computer systems design point of view. Exemplary
questions are raised to point out how a computer systems designer can shift from a
conceptual framework to issues affecting design thinking (research question 2 a). At that
point, computer systems design is a creative and collaborative construction of the design
object, as it was the case in concept design. Finally, practical ideas have been generated
(Chapter 4.3) to illustrate how conceptual thinking affects development of new
computational systems.
Chapter 4.3 presented emerging computer tools for concept designers, i.e. software
prototypes as proof of the concepts. Chapter 4.3, where design ideas, based on the
understanding of design action, were described and considered (research question 2 b).
Chapter 4.3 was meant to serve the reader by showing how the conceptual framework,
the requirements and technological constraints all together affect the application
instantiations.
The particular contribution of Chapter 4 is that I have presented one possible way to
convey conceptual understanding to software application design. This occurs in
conjunction with more traditional ways to create computer support, i.e. identification of
requirement along with an awareness of the technological feasibility. The questions
presented for each of the instruments are not exhaustive, but rather describe the potential
of conceptual understanding.
I think the potential is in so far as it provides an insight into and meaning for the
development of systems, and eliminates ad hoc or random development. In comparison,
the Activity Checklist has been developed as a practical support for work practice
analysis and systems development (Kaptelinin et al. 1999, Macaulay et al. 2000). It is
concerned with the context, but not on how the interaction between actors occur. As an
artefact, the Activity Checklist is regarded as flexible and supports transition from
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intuition to insight. From my point of view, the Activity Checklist appears to be of a
general application to support systems design at the level presented in this thesis.

5 Evaluation of computer supported concept design
“It is a common mistake to suppose that the application of theory can lead to
improvements in the usability of technology that is dedicated to the support of situated
action. It is no less a mistake to base technological development on a theoretically
weak and largely descriptive account of practice. Theory, practice and technological
support each contribute to the understanding and development of the others” (Candy
2000).
Encouraged by Candy (2000), this chapter discusses how the concepts described in the
theoretical study can be used when observing collaborative sessions in a computer
supported environment. For this reason, a series of geographically distributed concept
design workshops were organised. The research setting is presented in Chapter 2.3.4.
The aim of this evaluation is to gain an understanding of the computer supported
collaborative design situation. I will identify and analyse an exemplary design action in a
computational environment. By studying design action in a remote collaboration
situation, the computational tools can be studied as instruments for collaborative
construction of the design object. The discussion will finish with lessons learned and
recommendations that are of immediate use for new computer systems design.

5.1 The border between physical and virtual design workspace
Physical workspace, the space where the designers reside is inherently important for
communicating a vision inside a same-location (Chapter 3.1.2 and 3.2),(Tuikka & Kuutti
2000, publication VI). The challenge is to create computer systems that would support at
least some of the instruments identified in the collaboration of concept designers in a
remote design situation. Thus, the problem is what artefacts should be in the physical
workspace, and what instruments or parts of the instruments can be introduced into the
virtual design space to support collaboration. The answer can be found only by
experimenting within a research setting. Hence, the computer system in this particular
workshop is only one possible instantiation.
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Figure 21 illustrates two remote sites and what kind of role the virtual design
workspace can have: it can mediate between the physical spaces, or it can provide
computational instruments for collaborative construction of the design object.
Physical space

Virtual design workspace

Physical space
Instrument

Mediation
Collaborative construction
Instrument

Mediation

Collaborative construction

Computational
instrument
Collaborative construction

Fig. 21. Illustration of the role of virtual design workspace between two remote sites

Table 1 describes the instruments along with the computational tools in the virtual
design workspace. The role of computational tools in a virtual design workspace varies
from mediation to collaborative construction.
Table 1. Instruments for collaborative construction of the design object and related
virtual design workspace tools.
Instrument

Related virtual design workspace tool

Future artefact

CAD tool for making virtual prototypes

Future artefact

WebShaman Lite to distribute shared virtual

Hypothetical user activity (HUA) and future artefact

WWW pages with use scenarios and virtual

prototypes.
prototypes.
Hypothetical user activity, actions and operations,

Video, CAD tool to making prototypes for

dynamics of HUA

WebShaman Lite which is used to synchronize
virtual prototype. Audio connection to explain the
user activity.

Externalize by gesturing

Video stream using WWW camera.

Externalize verbally

Audio connection

Concrete means of interaction: making lists

Shared text tool, shared drawing board

Concrete means of interaction: a drawing, a sketch

Shared drawing board

As mediators, virtual design workspace tools mediate between geographically
distributed sites, while designers externalize their vision at the site where they work.
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From our experience of co-located design workshops, we had noted that the first
presentations of tentative ideas are verbal utterances that may be presented with
ephemeral gestures, using situational artefacts. Therefore, a video stream between the
sites was established (Fig. 6). Consequently, if an artefact was used by gesturing, the
WWW video camera would be focused on them.
Simply providing mediation of instruments that are manifested in the physical
workspace can be enough for collaborative construction of the design object. Providing
more bandwidth for communication could create a situation where designers feel they are
in a similar situation to co-located workshops. However, actual reality is different. Small
and medium sized companies usually neither have such facilities, nor have access to
them. Computer networks cannot provide good enough connections without excessive
investment. Moreover, videoconferencing lacks the potential computational instruments
provide, such as storing data, the possibility to create representations while innovating,
access to earlier designs.
In this experiment, in the physical space (the artefacts, designers) and in the virtual
design workspace, (the video and drawing board) were organised so that a designer can
take central position (Fig. 5 and Fig. 7). In order to start drawing, the designer has to
stand up, take a pen, and present the idea verbally using the virtual design workspace
(Fig. 6). Accordingly, the WWW video camera was directed at the presenter, so that
gestures would also be mediated to the remote sites.
Figure 22 depicts a new concept ‘wrist watch’, on a collaborative drawing board,
which is a mediating computational artefact for collaborative construction of a design
object. Besides the future artefact, the drawing includes different devices that can be
connected to it. In this design action one of the designers was drawing in the common
virtual design workspace, and the others were commenting, or sometimes even drawing
new features.
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User interface

Data source

Display

Digital television

Fig. 22. A new concept under collaborative construction. ‘Wrist watch’, future artefact, and
its use environment, depicted as artefacts to be used with it.

Similarly, virtual prototypes can be made common. Shared virtual prototypes can be
manipulated, verbal comments, further discussion and critiquing all contribute to
collaborative construction of the design object. A shared virtual prototype must therefore
both mediate between the collaborating designers and be an instrument for collaborative
construction of the design object.
A shared virtual prototype in WebShaman Lite is an meant to be an instrument for
designers in remote collaboration. A designer can easily change from CAD to a shared
virtual prototype representation. The computational artefact then represents the future
artefact, and the hypothetical user activity can be discussed simultaneously through audio
connection. Changes made to the virtual prototype and saved would then support for
collaborative construction through the shared virtual prototype.
In the next chapter, the relationship between physical space and virtual design
workspace is presented with examples of instrument use and how the interplay between
these two occurred. As a result of this, suggestions for further development of the system
are also mentioned.
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5.2 ‘Amoeba’ — an exemplary design action from tentative idea to a
tangible representation
Table 2 lists a selected set of tentative ideas (underlined), which were found in the
analysis of workshop videotapes. The different person and site, point to the collaborative
construction at a distance.
Table 2. Tentative ideas identified in the first workshop (underlined). Idea in italics
discussed later. Alphabets A, B, C, D, E, F symbolise different persons presenting ideas.
Tentative idea

Video tape (11.12.2000) time stamp in
hours and minutes/
Person presenting the idea (site)

Remote control

44 minutes /A (OY)

Wrist watch

47 minutes /A (OY)

Distributed processing and display

Presented and later draws the idea when 2

Projecting the screen

hours and 33 minutes is passed (Fig.22).

Included in mobile phone
A parasite device

1:15 /B (OY)

Adapting feature Flogiston
(=>later became Amoeba)
Device to support a lecturer in a classroom

1:19 /C (OY)

Situational resources

after 2 hours and 22 minutes/D (VTT), returns

Personal Portal

1:20 /A (OY)

Active phone

1:22 / E (VTT)

Starting car heating on a cold morning

1:23 /F (C3)

to this idea

Active phone as local service
Camera

1:35/A (OY)

Background use of Flogiston in moving tourist
pictures to personal portal
A parasite device — Amoeba

1:55 /B (OY) draws the picture (Fig. 23)

Suggested uses: Measuring fat percentage,

Various suggestions: B (OY), A (OY), C

Stretching changes color,

(OY),F (C3)

Measuring blood pressure
Suction pad
Health purposes, food allergy
Personal collection of events of life

2:10/

Personal memory

D (VTT)/A (OY)/C (OY)/B (OY)

Saving the entire life
'Black box'
Extended photoalbum of trip to Lisbon
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Table 2 presents the ‘Amoeba’-concept emerging as a tentative idea, to which the
designers returned at a later stage of the workshop. A design action starts with a tentative
idea, but from that moment on, it may form a collaborative design action towards a
common goal, as seen with ‘Amoeba’. A tentative idea is a seed to start working towards
this goal. A characteristic of such an idea, in design action, is that it can be left aside for a
while, and later brought back into discussion. Some of the design actions survive through
the whole concept design activity, finally being represented in a suitable form, e.g. such
as a picture, a virtual prototype, a 3D model or a physical mock-up.
This chapter presents the effort which went into the ‘Amoeba’ concept as one of the
design actions in the design workshops. ‘Amoeba’ is the label for a design object, i.e. the
future artefact. The many representations of ‘Amoeba’, and how they were used through
the virtual design workspace, are discussed. In conjunction with the representation,
physical or virtual, the dynamics of the interaction in the design situation is captured with
examples from the research material.

5.2.1 ‘Amoeba’ in the first workshop
‘Amoeba’— an emerging FLOGISTON concept was generated during the first design
workshop, and then presented, discussed, and referred to in various ways in the
subsequent workshops. Interestingly, this concept did not have any clear function, but it
had some central features which the fascinated the designers: ‘Amoeba’ had an exciting
form, which seemed to be a generative basis for new ideas, it was considered an
independent being, more a pet than a device.
Emerging tentative idea. The tentative idea for ‘Amoeba’ emerged after one hour of
discussion from the workshop start. It clearly differed in concept to previous discussions,
verbally it was presented as a parasitic device, which showed how it could aggressively
attach to any device. The following is a quote from the designer presenting this idea
while drawing Figure 23, comments in brackets are my additions:
“It occurred to me that it could be like, such an amoeba-like with soft tentacles. With
many tentacles. A very elastic, lump, which really could be like a sticker, which can be
attached on to anything. And then on the tip of every tentacle is something like a …
feeler, or some kind of bluetooth sensor. It can sense every device which it is attached
to. And it kind of penetrates inside it and pushes its own code into it… [she goes to the
drawing board and starts drawing]… it could be like this… this kind of device, and if
this for example is a phone, this looks like an old fashioned… and here is an antenna
[“Ericsson”, a comment from the group] attached to its corner. And it can look very
happy [or delightful], its color can be joyful, and one can see it is clearly a
FLOGISTON. Here we could have… and you can see that it is a parasite, attached.
…It can have an infrared sensor, but anyhow it is soft. And also a bluetooth-sensor, it
can have anything. Every useful method can be exploited, whatever fits to it. And it
can sense what works, now it recognises that this is bluetooth compatible…”
Excerpt 1.
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Simultaneously with this presentation, one of the designers makes a lump like artefact
and says: “like this” gesturing with the artefact while another says: “show it to the
camera”. The designer with the artefact in his hand goes towards the camera and
shows it for a few seconds. Excerpt 2.
Figure 23 shows the resulting drawing of the presented action. This design action is a
sub-action for the design action on the ‘Amoeba’—concept. This explicit expression of a
tentative idea of the concept started a thread of design which lasted throughout the
workshops. The design action was sometimes left aside but emerged again and again
during the discussions.

Fig. 23. Future artefact (Amoeba) and its use environment. Illustration shows a design
action, which is a sub-action of a total design action towards the 'Amoeba'-concept. Text on
the left hand corner: “Should we do something original? What is original?”

Interestingly, the descriptions of the artefacts behavior in its environment were
analogous to its biological make-up: amoeba. The designers attached a personality to
‘Amoeba’: ‘It’ was aggressive, and ‘it’ could adapt to various devices. Figure 23
illustrates both the ‘Amoeba’ artefact, a 5 ‘limb’ creature as visualised for the first time,
and the ‘Amoeba’ adapting to a mobile telephone, an organism infiltrating a mobile
telephone. It is a parasite which lives on the mobile phone, or adapts to the life of a
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mobile phone. In general, ‘Amoebas’ first live separately and then when they attach to a
device, they will either take control of the device or insert code into the device.
Reflecting on the tentative idea. After the ‘Amoeba’ presentation the group started
reflecting on the tentative idea and a multitude of material suggestions, and hypothetical
uses:
“… it could be attached to a child’s clothes, and you would know where the child is
and how warm he is, if he has a cap on…[designer 1] …or to a husband’s
wallet…[designer 2]” Excerpt 3
“If the device had sensors you could monitor health, blood pressure, it could be a
band around the arm [designer 1 gestures and points to his arm]… yes the tentacles
could stretch and it could be put here [gestures and shows her arm] or here [points at
her waist and gestures the physical dimensions of the device] and it could also
measure heart rate [designer 2] …a belt [designer 1] … belt [designer 2], belt
[designer 3]” Excerpt 4.
The excerpts 3 and 4 show how collaborative construction of the design object
mediates fluently both with the future artefact and the hypothetical uses of the device.
Physical space and embodied actions are used for expressing the ideas to the other
designers. Similar innovative discussion continued through the workshop resulting in a
diversification of the concept, not described here. Instead, I will address how the
computational tools supported designers in this process.
Interplay between the physical and virtual design workspace. The discussion started
with the future artefact as the design object as can be seen from excerpts 1 and 2. The
externalization of the idea was mediated by gestures and talk. For the virtual design
workspace, this means that there should be a means to mediate the externalization.
Furthermore, when other designers construct that externalized idea, there should be a
means for mediating that construction. The means may be computational, or any other
technology available.
The ‘Amoeba’ concept was first mentioned through verbal expression and gestures to
co-located designers. Other groups could hear the discussion via a conference telephone
but, due to the poor quality of the WWW video, they missed practically all of the
gestures. A breakdown finally occurred when the physical representation was presented at
the same time as the tentative idea through the WWW camera. It was impossible to
understand the artefact through a small window. The person presenting the artefact also
moved too fast for the WWW camera to follow. So, at the receiving end, something
appeared on the screen only to disappear right away.
The features of a computer can be used for collaborative construction. For instance,
there can be simple tools such as a shared text list to mediate the ideas between remote
collaborators. In this session such a list was used, and it turned out to be useful; 1) as a
mediator between sites, 2) as a shared reference, 3) to structure the collaboration, 4) to
slow down the fast design process to make sure that all parties understand what is going
on, 5) and as a means to store the ideas.
As excerpts 3 and 4 point out, hypothetical user activity was used as a design object.
Gestures and embodied action is important in showing how the hypothetical user would
use the suggested future artefact. A computer system, as an instrument, would be able to
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easily convey them to remote sites. In this workshop, the remote sites had to rely on
audio connection and poor quality video.
Drawings were seen by all of the workshop participants (Fig. 23). A drawing can be
considered designer’s tool to reflect on the idea in action (Schön 1983) and concurrently
to communicate the idea with others. Thus, the idea was narrated while it was drawn,
verbal presentation and strokes in the drawing were interwoven. Computational drawing
tools can be used for 1) externalizing an idea, 2) collaborative construction of the idea, 3)
mediating the idea over geographical distance, 4) storing the result.
In the virtual design workspace, the aim was to make drawing as natural for the
designers as possible. Therefore, the making of drawings was supported by a system,
which allowed the use of a pen on a whiteboard (Fig. 6). In this way, externalization of an
idea would be easy, creating common virtual means of interaction among designers and
allowing the mediation of the design object.

5.2.2 ‘Amoeba’ in the second workshop
The second workshop was held within less than two months from the first one. Between
the meetings, I had selected two concepts from the previous workshop to be discussed in
this second workshop. The first one was a device able to store situational resources for
further use in any situation in a classroom-scenario (cf. Table 2), and the second one was
the ‘Amoeba’-concept. These two concepts were introduced to the designer group as
visualisations. The first one with a use scenario based representation on the WWW pages
and, the second, by a 3D virtual prototype presented using WebShaman Lite. The
development of the ‘Amoeba’ concept is in focus here. Two virtual representations of
FLOGISTON concept was made. The first one combining parasite device and ‘wrist
watch’ (Fig. 24) and the second one with amoeba-like form (Fig. 25).
Making representations in common. Two tentative ideas (cf. Table 2) from the first
workshop led to a visualisation which combined the idea of a ‘wrist watch’ and parasite
device. The latter was part of the original tentative idea of a parasite device, which
evolved into an idea for a small device, a connector, inside a wrist watch. WebShaman
Lite was used to convey the visualizations as depicted in Figure 24.
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WebShaman Lite

Control queue number

‘Wrist watch’-concept

Connector

Synchronous pointer

Fig. 24. ‘Wrist watch’-concept, modelled and presented by remote site in Turku.

‘Wrist watch’ was presented from a remote site in Turku with a representation of their
vision: “We thought that FLOGISTON would be connections only.” There FLOGISTON
wrist watch was an idea about how the components of the device are organized.
According to the idea, a small connector (Fig. 24) would be embedded in the device,
allowing the watch to attach to any device. Thus, an extra battery or any other functional
component would exist, e.g. in the wriststrap.
WebShaman Lite (Chapter 4.3.2, Fig. 24) provided the 3D representation of the virtual
artefact between 3 synchronous clients. Although WebShaman Lite was at a prototype
stage, the application was able to provide synchronous viewing, zooming and pointing.
Changing representations and recalling previous ideas. The virtual representation
managed to elicit previous discussion on the design object as a wrist watch and the
problem with a small display. Consequently, one of the participants introduced his idea of
how to solve the problem with a small display. The solution he suggested was a folding
display.
The dynamics of interaction requires that designers can fluently move from one
representation to another. In this case the designer, went in front of the WWW camera
and presented the use of the folding video display with a piece of A4 paper. Hence, the
video was used as a medium for conveying hypothetical user action with the future
artefact. Narration and gestures together with design action made up the presentation.
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A fast interaction between the designers followed on what the FLOGISTON artefact is
all about. Different voices were heard recalling the ideas from previous workshop, and
reflecting for example on the folded display idea that was presented.
Changing representations, a new shared virtual prototype. Then, another
representation was shared by the partners in Turku using WebShaman Lite (Fig. 25).
Their second suggestion was that if the ‘Amoeba’ were be a device to take control of
some other device, it should also look like one.

Fig. 25. Computer desktop and the ‘Amoeba’—concept as a shared virtual prototype in
WebShaman Lite.

Discussing properties of the future artefact. Consequently, participants at VTT started
a discussion on the properties of the future artefact, how it would be attached to another
device, and what would be on the screen in the center of the virtual model. The 3D model
was zoomed and turned in order to locate suction pads beneath the virtual model.
The shared virtual prototype was a useful visual artefact for communicating the idea
and develop it further. The display was a new feature that the group had not thought of
before. It was suggested that it could be a computer screen, television, simple indicator, it
could show the ‘yellow pages’, a scrolling commercial text and so on. Consequently, the
‘Amoeba’ was suggested to be an accessory to other devices, such as a heart rate monitor
where the display would show heart rate.
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The size of the future artefact was difficult to grasp by studying the shared virtual
prototype. The original developer had a small device in mind, about the size of palmtop.
Since the functionality was open, however, it was suggested that the artefact could have
different sizes depending on the purpose. For example, to control a truck, it could be the
size of the truck door. From the image projected on the wall, there were no cues to the
size of the artefact. On the whiteboard the image was huge compared to palmtop, with a
diameter of about 40 cm.
The form was found interesting, even pleasant. The form generated new visions: “It is
like a wheel”, “It has an organic form”,”… there could be a mouth underneath”.
Analogies to other forms followed the vision representation: “A rupture in a limb
recreates a new Amoeba”. According to the designers, an ‘Amoeba’ was able to dominate
a heart rate monitor, or a watch, which is inferior, acts as a slave to ‘Amoeba’. An
‘Amoeba’ would be able to take control of a computer, it would be able to change a
Windows PC to a Linux computer. The material was rich in such ideas.
Moving from future artefact to hypothetical user activity and back. While presenting
and rotating the ‘Amoeba’-model, the Turku site suggested that the ‘Amoeba’ would
form a new human being, perhaps a cyborg, a human in symbiotic relation with a
machine. Others commented that it would be symbiotic with the user. “I would not go
anywhere without my ‘Amoeba’”. “It travels with the user”, “…a child could have one of
them in the neck.”
Thus, from properties of the future artefact, its behaviour, designers moved to discuss
hypothetical user activity and back to the attributes of the device: it should be waterproof,
it could be a calory meter. Then back to uses: “… you could put it on your belly … after
dinner … it changes colour, makes sounds if too much was eaten …”.
Towards the requirements of computer support. A focus change between the two sides
of the design object requires the computer system to support the corresponding
representations, a future artefact as a 3D model, with its attributes, behaviour, form, and
hypothetical user actions included in the representations, be they verbal or by gesture.
Dynamic interplay between the physical aspects of the representations should be reflected
in the computer system. In this way, the virtual design workspace could be a part of the
collaborative construction of the design object.
Overall, in this design session, the virtual artefact in WebShaman Lite was an aid to
recall previous discussion and study features of the artefact. Video and audio channels
were useful to convey the hypothetical user actions. In order to be considered an
instrument, the virtual design workspace must support the dynamics of interaction, the
change from one medium to another.

5.2.3 ‘Amoeba’ in the third workshop
At the beginning of the third workshop the ‘Amoeba’ and ‘FLOGISTON classroom
scenario’ concepts were recalled using a fixed WebShaman Lite. The two concepts had
been carried through the three workshops, and they both formed a separate design action.
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This chapter will focus on how the ‘Amoeba’-concept was conveyed by the designers’
through the virtual design workspace.
In this workshop a physical prototype was presented to the group. Although the
‘Amoeba’ was presented with WebShaman Lite (Fig. 24), there was a special interest
how designers’ would react to its physical counterpart. The printing of the ‘Amoeba’ with
a ‘3D printer’ was simulated using a cardboard box. The box contained a physical silicon
rubber based mock up (Fig. 26), that was introduced to the group. Silicon rubber as a
material is fragile, it is torn easily, but it is soft and almost transparent. The physical
model was about the size of the palm of a person’s hand and had a suction pad at each
pointed end.

Fig. 26. Silicon rubber based physical prototype of the ‘Amoeba’. The size can be noted by
comparing it to the computer keyboard ‘Enter’-key on the left.

The original dimensions of the virtual prototype were exactly the same as with the
physical mock up. The designers’, however, felt that the physical prototype was small in
comparison to the virtual prototype. Thus, the first comments were: “It is smaller than I
thought”, “Like a candy”, “…it took over the microphone.” Someone was even throwing
the mock up on the wall to see if the suction pad really worked.
The physical prototype as a platform for ideas. Table 3 lists a selected set of the ideas
presented to furnish ‘Amoeba’-concept. The list is not exhaustive. Two ideas (in italics in
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Table 3) will be studied further in order to point out how the physical prototype was used
for idea presentation.
Table 3. Selected set of new ideas ‘Amoeba’-concept. Ideas or items in italics are
discussed here. FA=Future Artefact, HUA =Hypothetical User Activity.
Concept

Ideas of collaborative construction

Design
object

Video tape
(16.3.2001) time
stamp /Alphabet
represents a person
(site)

'Amoeba'-concept

Jelly-candy similarity

FA

1:28/A (OY)

Business gift

FA/HUA

1:32/A

Fire alarm

HUA

1:33
/B (VTT)
/C (VTT)

Attaching to hotel door

FA/HUA

Organism

FA

-crawling

1:33/A
1:34
/D (VTT)

-form looking like an animal
-form: 5 legs, is ‘human’

1:36/D

-organic properties

1:36/E (C3)

-voice if pressed

1:45/D

Using an Amoeba in a pub

HUA

1:35/A

Heart in the display, showing it is alive

FA

1:38/B

Transparency, Macintosh colors, toy, affective

FA

computing

1:39
/D, F (OY), B

Heart beat shown in the display in a pub

FA

Monitor, transparency

FA/HUA

Tamagotchi, Pokemon

1:40/D
1:40/E
1:50/E,D, F

Measuring colors
Measuring electromagnetic field.
Home appliances, measurements by time,

FA/HUA

1:43/F

FA

1:45/A

Water pipe measurement

HUA

1:49/A

Child monitor

HUA

1:49/A

HUA

1:52/D

temperature, moisture, etc. Statistically following
life
Button-idea

1:44/E

-operations
-pressing the button
-passive button vs. active button

-day care monitor
Ear ring
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In the table, I have listed externalized ideas where the corresponding table item labels
the idea with the most salient word. The reason for this is that the ideas are usually not
explained thoroughly by the designers themselves usually leaving them open to the
listeners’ interpretation.
Interpreting an idea for a future artefact (FA) or hypothetical user activity (HUA) is
not unambiguous. For instance, attaching the future artefact to a hotel door, means that
there is a future artefact, which can be attached to a door in a use context, which is being
a guest in a hotel.
Table 3 points out what the design object was when the idea was presented. The time
stamp from video tape shows the sequence of events, and the person’s initials with the
site location illustrating the distribution of design action.
Externalizing an idea with a physical prototype. Figure 27 shows how a designer
externalizes his idea using a physical prototype. The original verbal narrative for this
action was following:
“In principle this is quite exciting … imagining there are sensors inside, this may in
the beginning feel like a bad choice, since it moves somewhat … if there are
acceleration sensors inside … it may give the wrong information but, on the other
hand, if you put it standing on the five feet … it can be used as a button … when there
are sensors for acceleration … when you press on that [cf. Fig. 27], the sensors can
react to that and then you can do different kinds of operations… that is a really good
feature. When there are …in the box acceleration sensors, it can respond to pressing.”
Excerpt 5.

Fig. 27. ‘Amoeba’ FLOGISTON used silicon rubber prototype as a button.
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What is interesting about Excerpt 5 is that it is difficult to understand without the
gestures and context. Figure 27 shows the artefacts, and hand that were part of the
designers’ context.
From physical to virtual. The web camera was pointed at the position of presentation
(Fig. 27) and the other sites could see the design action. Several comments followed the
presentation: “it is a morse key”, “this is a change in the concept since the device is also
active and not only passive, you can press it if it is on the wall, and the door will be
opened”, " … specialized user interface for professor level”.
Concurrently, people were playing around with the physical prototype. Since it had
suction pads, people tried out attaching it to something, such as a conference telephone,
monitor, or simply throwing it against the wall. Its physicality tended to elicit new ideas.
An example of such an idea was attaching ‘Amoeba’ to the monitor screen. On the screen
it could be used to monitor color calibration, or to measure electro-magnetic field.
Figure 28 shows how video stream was used for idea presentation at VTT. The quality
of the video was sufficient to do this kind of use experiment. The idea was to use the
physical artefact as an ‘ear ring’, since it covers the ear perfectly. There was embodied
action to express how funny the artefact looks when it is on the ear: “…this will certainly
be noticed by people…” commenting and mimicking the embodied action at the
University: “… this feels even much nicer than a mobile phone.”

Fig. 28. ‘Amoeba’ as an ‘ear ring’.

In the end, the discussion about the relationship between the virtual artefact and the
physical prototype shows that both representations have their benefits as instruments of
collaborative construction of the design object. As such, they were ways to represent of
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designers’ idea of the future artefact, to be used to generate ideas and delineate the
subjective vision of the use context, the hypothetical user activity, actions and operations.
Dynamics of the interaction in this workshop was characterized by fast changes
between subjective externalization; gestures, verbal accounts, and the specific concrete
means of interaction; representations, which were directed at the future artefact or
hypothetical user activity.

5.3 Experience of using a virtual design workspace
The aim of this chapter is to discuss the role of the virtual design workspace in the
collaboration of designers in the workshops described in Chapter 5.2. The virtual design
workspace that was established was not meant to be a technologically sophisticated show
case, but rather a setting which can be put up with low costs and off-the-shelf software.
The shared virtual prototyping software is the only application which is not publicly
available. I will not go into the detailed technical issues of application development.
The computational setting corroborated the findings of non-computational workshops.
Concept design is a creative process, where interaction of the subjects plays an important
role in how the concept and the process will eventually emerge. In this interplay between
the subjects, the instruments they use are vital in how shared understanding is achieved.
The challenge for computational systems to support designers at a distance is to create
circumstances where the designers can construct the design object using those
instruments. Some of them can benefit from the special features of computers and, for
some, the computer acts as a medium between the collaborating designers. Thus, not all
of the instruments must be designed inside a computer.
Computational issues. Computers and computer networks do have the capability to
facilitate remote collaboration. This experiment showed, however, that when tried out in
practice, the quality of the computer software and networks may not respond to the
expectations. Thus, one basic requirement for computer systems, as an instrument in
collaborative concept design, is that they must be of good quality. For instance,
contemporary Internet technology has latency on computer systems usage depending on
the load on the network, routing, internal networks and computers. For that reason, it is
impossible to definitely say what is the overall speed of the network. In practice, the
latency effect can result in a 1-2 second delay in the video stream. Delayed messages for
the shared virtual prototype cause jumpiness, or shortcutting lines made by the system to
a stroke on the drawing board. Consequently, this effect must be compensated during a
presentation, in the form of slow movements and continuous checking as to whether the
counterpart has understood or not.
Concrete vs. virtual means of interaction. The research setting consisted of groups in
three different locations. Thus, each group had their local artefacts, and a common
physical space. There was a tendency for the groups to discuss only inside their own
group. Reminders had to be given about the existence of remote collaborators. At some
point in the beginning, I found it necessary to create a common artefact on the
computational drawing board, a list which would gather the ideas in common. A textual,
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list form, as a common artefact, also brought structure to the first workshop so that it was
possible to discuss items in common. Subsequently, my role as a facilitator became
important. It was necessary to reflect on the group dynamics, and to be aware if one
group was overtaking the others. Remote collaborators can easily be cut out of the
discussion. There were several reasons for overtaking, such as the difference between
designer personalities, a physically co-located group can be more active and the
participants had no experience of using virtual design workspaces for collaboration. My
interventions were sometimes taken as an interruption in of creativity, thus halting the
discussion when the group was ripe with ideas.
Emerging ideas were drawn on the drawing board in common. The resulting
computational drawings were illustrative, e.g. a new concept collaboratively constructed
(Fig. 22), where the use environment of the future artefact was depicted along with the
device itself, and the future artefact with an exemplary use environment (Fig. 23). While
presenting an idea by drawing, a verbal narrative takes place. Together with the drawing
they were directed to the design object, which could either the future artefact or the
hypothetical user activity, both must be conveyed simultaneously.
In the workshops a conference telephone was used to convey talk. These telephones
were equipped with technology to prevent acoustic feedback. However, a conference
telephone seemed to be vulnerable to background noise from a projector or coffee spoons
clinking on a plate. The flow in the audio connection may suddenly cut a speaker off.
Furthermore, during an idea presentation the presenter may physically move or address
fellow designers in the room, or turn their back to the telephone and positioning the
telephone may be difficult to cover all the situations. Nevertheless the physical
workspace should be designed so that the telephone is in an optimal location.
The dynamics of interaction and virtual representations. The dynamics of interaction
applies to every instrument used for collaboration. Changes between representations have
to be fast, and the computational system should be flexible enough to support these
changes. Starting from the externalization of an idea (cf. Chapter 5.2.1) it should support
juxtaposing a virtual artefact in a use situation with physical artefacts (cf. Chapter 5.2.3).
The making of virtual representations should not be too costly on time. In this
experiment, CAD systems, tools familiar to designers, were smoothly integrated with the
WebShaman Lite. The users had only to create the virtual artefact, export it from a CAD
presentation to VRML, which was then uploaded to the server. The file was converted
automatically to a shared virtual prototype. Thus, by automating the process, the
workload for the designer was kept to a minimum. Even still, the creation process for the
virtual models is too slow for creative design, only some minimal changes to the model
can be made at the session. Moreover, the scaling of the model affects how the local
browser responds and the size of the model data affects the speed of rotation of the virtual
prototype.
WebShaman Lite was not equipped with drawing features as was the drawing board
application (cf. Fig. 24 and Fig. 22). Thus, the purpose of the future artefact must be
narrated in some other way (cf. Chapter 5.2.2).
The dynamics of interaction and hypothetical user activity. Using an artefact, virtual,
or physical, the designer may reflect on the hypothetical user activity. The reflection is
open to the designers through externalization using the physical body. This instrument
should be communicated to the remote sites. In the workshops the WWW camera was
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practically the only medium to do this. The quality of WWW camera video was not very
elaborate, however. The contrasts between bright lights and their surroundings were
considerable, making it difficult to see what the presenter pointed at. The only way to
deal with this was to try pointing the camera to show the person and the represented
information, such as acting out the hypothetical user action (cf. Fig. 27 and Fig. 28).
No meta information, on what were the hypothetical user actions acted out, was
gathered. Such a meta information could be useful for structuring the uses. This is a new
design idea, which will not be elaborated further in this thesis. Similarly, uses could be
reflected in virtual prototyping applications. The design question would be how the
system stores meta information, such as the hypothetical user actions and perhaps group
them for later purpose.
Awareness. At best, 9 persons were involved in the workshops as collaborating
designers. The telephone and video were not able to convey awareness of who was
talking and there was constant uncertainty about whose turn to it was to talk. The
facilitator has a role here too, to look after the design situation and issue of turns between
sites. WebShaman Lite had only a list of the participating sites.
Future artefact: In the design action of the ‘Amoeba’-concept the future artefact was
represented through shared drawings, virtual and physical prototypes. When presented a
representation focus the group discussion and may then focus the group on one artefact,
with “it is there” or “that’s it”. This of course is a good feature of representation too, at
some point of time the groups ideas must be crystallized.
The virtual and physical prototypes are different kinds of crystallizations. Virtual was
common and visible (cf. Fig. 24), and physical, when hand held, it was personal (cf. Fig.
28). Both the virtual and physical prototypes were partial prototypes, they did not have
any function, the ideas on the display were left open etc. That is the role of any prototype.
Since, we had no agreement on the functionality, nor the time to work on it, the
functional computational simulations were left out from the ‘Amoeba’-concept.
The virtual design workspace provided a large shared space. This had disadvantages
since the actual design object was small, and related to a human size activity. Even if the
scale of the virtual prototype was explicitly narrated the comparison between the virtual
prototype and body dimensions were distorted (Chapter 5.2.3). Technically it should be
noted that with computer technology it is impossible to be sure that all the participants
see exactly similar virtual prototype. For instance, color information can be distorted,
since monitors differ, and projectors illuminating power may vary. The designers position
in the meeting room also affects the perception of the image.
Workshops as idea generators. Finally, the workshops were fruitful in generating new
ideas of features the virtual design workspace could have. One idea was to enable a
distant designer to have control over other Web browsers, opening and closing a virtual
prototype, activating a window, loading a new web page in a synchronous manner.
Consequently, the presenter would not need to verbally guide the others, and he would be
sure that the others view the same object. Saving sequences of viewpoints would allow
pre-designed presentations. A set of these presentations could be organized according to
the design object, rationale of the future artefact or as a means to discuss the artefact’s
hypothetical user action.
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5.4 Contribution
In this chapter a computer supported collaborative construction of a design object was
described. Starting from a tentative idea and proceeding to both physical and virtual
artefact representations of the ‘Amoeba’ concept, the instruments of collaborative
construction of the design object were discussed. Chapter 5.2.1 discussed the start of the
design action and presented how the interplay between the physical and virtual artefacts
occur in conveying the idea among designers. Chapter 5.2.2 discussed how virtual
prototypes put into the common workspace were useful for recalling ideas from the
previous workshop. The dynamics of interaction was discussed by pointing out the fast
changes from one representation to another. Chapter 5.2.3 pointed out the difference
between physical and virtual artefacts as instruments to support collaborative
construction of the design object. Chapter 5.3 collected experiences of observing the
computer supported concept design situation. They serve as a step for future versions of
applications.
The contribution of this chapter is in the applied use of the conceptual model (Fig. 16)
to the analysis of the use of the virtual design workspace along with the physical space.
Both of them were considered to be important for collaborative construction of the design
object at a distance. The virtual design workspace was built to support both mediation
between the physical workspaces and to illustrate how computer systems can be
implemented as instruments to support collaboration over distance.
The aim was to address research question 3) what experiences can be identified when
observing a geographically distributed computer supported concept design situation? The
experience is conceptual, as well as technological (Chapter 5.3). At a conceptual level the
presented conceptual model appears to be useful for insight into the virtual design
workspace. Thus, it is possible to derive ideas for the iterative design of computer
systems. Requirements can be identified and posed and selections made depending on the
focus of the subsequent iteration cycle in the system.

6 Conclusion
Chapter 6.1 summarizes the results from the previous chapters. Chapter 6.2 discusses the
significance of this thesis in relation to other research. The final part deals with future
work in this area.

6.1 Results
Research question 1. How do concept designers collaborate in concept design? (Chapters
3.1.1, 3.1.2, 3.2 and 3.3)
This thesis has applied activity theory to study innovative and dynamic concept
design. Activity theory provides conceptual tools to study design as a purposeful action,
where the purpose is the goal of the design action. Both the object of design and the tools,
used to mediate between the subject and the object, allow a researcher to find a structure
for the moment to moment interaction during design activity.
By analysing design workshops, I show that the design object has two sides, the future
artefact and hypothetical user activity. Both of these are used interchangeably in
scaffolding the other as an instrument during the design situation. This is the first salient
result of this work.
One characteristic of hypothetical user activity is that it does not really exist. The nonexistence of hypothetical user activity is due to the fact that concept designers in the
cases I studied, do not know what exactly they would be creating. They only had a
general verbal or written instruction given to them. However, this is not usually the case
in product development companies where, in fact, there may be a previous version of the
product or market research, or idea base, on which to base the design selections. In the
design situation these are used as situational resources for action (Suchman 1987).
Nevertheless, the group must create a shared understanding of what they are doing, create
a hypothetical user activity, just for the simple reason that there are no exactly known
users.
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Based on Leontjev’s concept of action, I have defined ‘design action’ as the
conceptual tool to be used in my subsequent analysis. Design action is an action that
contributes to the collaborative construction of a design object.
The approach I have taken also allowed me to examine the lower level of action, such
as drawing, with the purpose of discovering why the drawing was done. In this way, my
approach differs from what Tang (1989) raises as workspace activity. Not only are listing,
drawing and their functions important, but the design object when using these tools is
also important.
On the one hand, I regard the concept of hypothetical user activity as a good starting
point for theoretical discussion. On the other hand, I regard hypothetical user activity plus
the dynamics of hypothetical activity as a concept for considering how design ideas
emerge.
The description of the object of concept design is, in my opinion, an important finding
in itself, characterised by the application of activity theory. However, my main
motivation was to create a means to convey that understanding into insight for computer
systems design. With regard to the needs of computational systems, I started to study the
tools of interaction in concept designers’ work. After a while I noticed that these were
actually both physical tools (artefacts), and psychological tools (concepts). Furthermore,
the word ‘tool’ does not convey the collaborative situation these tools are involved with,
so I introduced the term instrument. Both ‘Tool’ and ‘Instrument’ have been used in
activity theory in multiple ways, to refer to psychological tools, sign, model, or physical
tools depending on the context. I chose to adopt the word instrument since it can cover
the relationship of the subject to the tool and the collaborative situation it is used in. Such
a relationship could involve the subject moving from one instrument to another quickly,
thus representing the dynamics of interaction. I also wanted the concept to describe the
specific situation I am examining, where subjects collaborate with each other. Therefore,
from a tool used by an individual, I have moved to an instrument that is used in
collaboration. An instrument can be an artefact, with a specific meaning for the subject,
i.e. it is used to explain hypothetical user activity.
Using this conceptualization, and making a visual presentation of it in Chapter 3.3, I
proceed in the direction of computer systems design.
Research question 2. What issues should be taken into consideration when designing
computer systems to support geographically distributed synchronous concept design?
My contribution is that I have shown how a conceptualization based on activity theory
can be transformed into questions that provide insight into design. In this way, I support
the same position as Macaulay and coworkers (2000), conceptualization provides a move
from intuition to insight. In addition to that, I give importance to traditional means of
acquiring information for computer systems design.
The generation of requirements serve this quest, along with an understanding of
contemporary software and hardware technologies. Iterative application generation was
achieved together with the potential users. It should be noted that this setting differs from
a participatory design approach (Bowers & Pycock 1994). We had no a specific user but,
instead, many sources of information leading to potential users. One apparent reason for
this is our position in a research project.
The next contribution was to show how a conceptual framework contributes to the
design of software applications. As a proof of this, I presented three applications, which
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detail the approach I have taken. They are not meant to be an exhaustive list of all
systems design ideas to derived from the conceptual model. Rather, they demonstrate the
approach within the constraints of current software technology.
The schematics of WebShaman Lite is a consequence of the insight created from all
the elements mentioned earlier. To prove this is another matter (Macaulay et al. 2000).
WebShaman Lite implements some of the principles such as the dynamics of interaction
for an instrument: changing quickly from CAD to a virtual prototype which represents
the future artefact. Other channels provide support for externalisation of hypothetical user
activity.
Perhaps, the instruments are most obvious in the Digiloop application since the
technology does not restrict the reader’s perception of: ‘What’s new in the WWW’? The
combination of situational artefacts with a virtual prototype, turns a physical artefact into
a computational instrument. A simple brick can be made to represent a future artefact,
while the brick has the affordance to be used in the physical space, to studying how the
future artefact would fit into the hypothetical user activity: “it can be put in a pocket”.
My study shows how a set of concepts can affect the design of a computer system, by
giving an orientation to the research group, and provides conceptual tools to be used for
general discussion of how application design can benefit from field study. Activity theory
as a common vocabulary behind computer systems design leads, according to Nardi
(1996c), to cumulation of knowledge in the future.
Research question 3. What experiences can be identified when observing
geographically distributed computer supported concept design situations?
Chapter 5 served two purposes, to clarify the idea of design action by providing
examples, and experiment with the conceptual tools in analysing a computer supported
remote design situation. The experiment with the latter was meant to produce more
evidence of how the generated conceptual framework would fit into an analysis of the use
of computer applications and to create new ideas for software application development.
Design action is a conceptual tool that I identified to serve as an analytical tool to
study collaborative design. It provides an understanding of the research material based on
the set of concepts from activity theory. The concept of design action can be used to
structure the research material. Instead of generally browsing through a lot of video tape,
it allows us to study certain actions that can be identified by a tentative idea that may be
an object of collaborative construction.
The concept of instrument does not distinguish between virtual and physical
workspaces. Where and how the instrument is implemented and conveyed is the question
for further computer systems design. An externalization, a gesture in the physical space
can be mediated via video stream, or it may be implemented in the virtual design space
using a digital visualisation of a hand.
The computational system that was used in the virtual design workspace seemed to
form an additional hinderance to convey the design object at a distance. The requirements
generated for computer systems address the following: the computational system should
have the flexibility to support the changes of representations; the making of virtual
prototypes should not be too costly on time; the computational system should provide
awareness for the remote mediation of participants.
Furthermore, experience of the use of virtual design workspace shows that
computational systems should be responsive to the dynamic interaction between concept
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designers. Concept designers change from one representation to another quickly and even
use them concurrently. In practice, the mediation of hypothetical user actions requires a
video and audio channel which conveys the gestures and talk of the designers so that
designers do not have to compensate for the problems of computational mediation.
The shared object of design has to be represented in concrete ways in order to make
the geographically distributed meetings successful. For instance, the groups tended to
discuss internally. A textual list on the drawing board served as a computational artefact
to create a concrete representation of issues in common. Similarly, a shared drawing
board served as a platform for discussion. As shown, the drawings in design action
involved gestures and talk to externalise an idea. The design object was referred to
through the vision of future artefact and the environment where it is used. Hypothetical
user actions acted as scaffolding for the development of the future artefact. The
references to them show how interwoven the use of instruments, is in collaboration.
The conceptual model of instruments of collaborating designers seemed to be useful
for identifying them from the workshop. It provided a reference for issues that can be
used to study design workshops. However, pointing out the instruments of collaborative
construction of a shared design object in a workspace design activity as described in
Chapter 5 is just one step towards designing computational instruments for remote
collaboration.
The concept of instrument serves as a design-oriented concept as well. Hypothetical
user activity can be used as a conceptual construct come up with design ideas. Meta
information of the hypothetical user activity and actions could be created to support
collaborative construction of the design object. For example, a designer describing a
hypothetical use situation and presenting the constraints of use to the other designers can
be digitally stored and organised in a computer system using data structures that reflect
the hypothetical use situation, i.e. what the user action would entail, answering questions
such as: would there be a breakdown in future use or would it be a fluent use situation?
This hypothetical use situation could be linked to the virtual representation of the future
artefact. Furthermore, they could be presented in a structure that illustrates the specific
design to what the hypothetical user action is.
Combining physical workspace and virtual prototyping is an attractive direction for
application design. The Digiloop-system is proof of the concept that could be developed
further to include movements of the designer and functions of the virtual prototype in a
geographically distributed system. The instruments to be designed there depend on the
facilities and imagination of the designer.

6.2 Discussion
Concept designers create their vision from moment to moment, according to the situation
in hand. However, dealing with the uncertainty of the moment requires a reflection on the
past, a personal past, and an anticipation of the future. A personal past is a resource in
ongoing interaction between concept designers, along with any other situational resource
the designers can find for use in the situation they are in.
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It should be noted that market research, focus group studies, and so on, can be seen as
necessary resources to support decision making in a design situation. Such studies can be
also used as a common reference for reflection on the design situation. User-centered
design methods are useful as well, such as Beyer & Holtzblatt (1998), that incorporate
basic principles of user involvement, iterative design and multi-disciplinary teamwork
(Jokela 2001, p. 13). Design methods can be seen as resources for the collaborative
construction of a design object that does not yet exist. That is why my findings should
provide insight for user-centered design as well.
Much work remains to be done on exploring how activity theory, or any other
conceptual approach, can help computer systems design. My attempt can be considered
as the tip of the iceberg in that direction, where computer tools are used as instruments
for collaborative construction of the design object. Further research could focus on how
hypothetical user activity can be embedded with representation of a future artefact, so
that the design rationale can be stored and recalled. Hypothetical user activity is the
context for the future use of the artefact, and could be a natural instrument to convey the
design rationale. Natural in the sense that everyone can relate to it and using actions
everyone can internalise. For instance, one experience from our design workshops was
that mimicking or reproducing remote designers’ action seemed to be a natural way to
create an understanding of what the remote designer meant.
The potential of remote computer supported collaboration is in the shortened product
design cycles. Surprisingly, some simple solutions created during the research have
already been considered useful by our industrial partners. If the computer systems are
simply able to support designers in quickly exchanging their visions of a new product
there is, at least, a chance to tighten up the steps of the process and make it more
efficient. This is not only a question of computer systems, it is also a question of
production process and work task coordination. The use of such systems is ultimately
decided by the designers in their activity.
Computer systems presented in this thesis should not be examined in a black and
white manner, but perceived as an exploration of thought. A computer artefact is similar
to any other artefact, which mediates thought (Bellamy 1996). The similarity between
concept design and software application design is remarkable. The domains are strikingly
different, but the dynamic innovative design process is similar. Software applications
with a particular goal in mind have been used both to prove feasibility and as a means to
reflect on systems development ideas. Application demonstrations, quick-and-dirty
applications, have formed a body of scenarios that were meant for communication
between interest groups. Interaction in presentation situations, the presenters of the
applications were prepared with scripts. This was a method we gradually adopted in order
to interact with our research partners and also reflect our own work.
Another methodologically challenging issue for me has been the question of how to
look at the research material in order to convey computer systems design ideas. I did not
want to go into a detailed protocol analysis (Cross et al. 1996), or extensive
ethnographical account on design. This was simply due to the limitations of research
resources, I was practically the only person doing the research, filming the videos,
interviewing designers, analysing the material and organizing a project which would then
implement some of the ideas. Therefore, I ended up streamlining the videoanalysis by
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identifying design actions from the material and selecting the most interesting tracks of
design action for further examination.
Although, my motive has been to do basic research, the applied research has been the
focus of communication with research partners. It is a language, which the research
partners understand best. This has forced me to try out ways which have a flavour of
basic research but in the end translate into the form of applied research. Fortunately, the
form in which our research projects have been conducted, has drawn professional
software developers together, laying the ground for collaborative learning. A research
group as a group of collaborative learners is able to keep in touch with the recent
software development methodologies and technologies. Such collaboration in research
reduces the problem area which at first may seem to be overwhelming.
I think that several chances for interesting future work can be derived from this
research.
First, we could derive ideas for further technological level implementations,
developing systems like Digiloop for collaboration, or study the interoperability of
heterogeneous computer applications.
Second, we could create new designs of the virtual design workspace and its use in
collaboration such an idea was also presented to our research partners, a vision of media
space, augmenting video and audio connection. That way, it would be possible to
continue combining physical world and situational artefacts with virtual prototypes, to
produce virtual artefacts.
Third, on a conceptual level it would be interesting to study the dynamics of concept
design and the role of contradictions between concept design activity and hypothetical
user activity. Contradictions are according to Engeström (1987, p. 82) the source of
dynamics and development of human activity. For instance, a problem in hypothetical
user activity, on action level, can be in contradiction with the aims of a design activity.
Since hypothetical user activity does not exist, there is no real contradiction.
Understanding this process, at a conceptual level, would further provide us with the
means to understand the how design is done.
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