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Abstract

The background of this thesis is the development of global, ‘virtual’, collaboration teams in 
the engineering domain. Distributed concurrent engineering is probably the ‘holy grail’ of 
current research into collaborative engineering. In this thesis, I seek to identify what some of 
the challenges for effective distributed collaborative engineering might be. 

The guiding theme of my work is the assumption that these challenges are not merely 
technical. Rather, I deal with the challenge of successfully merging what is required ‘socially’ 
with what is required technically.

Methodologically, this thesis draws on an orientation to be found in Computer Supported 
Cooperative Work (CSCW), whereby ethnographic approaches – in-situ studies of practice 
– inform design work. I apply this broad perspective to the specific domain of engineering, 
and to the specific problem of collaboration at a distance. 

The thesis relies on work conducted at a number of sites. These include a major Swedish 
Automotive Company, distributed collaborative work between Luleå University of 
Technology, Stanford University, and the Royal Institute of Technology in Stockholm, and 
studies undertaken with partner companies in the Polhem Laboratory. 

This work has evolved towards a focus on aspects of knowledge work and expertise sharing. 
The contribution of the thesis is to describe and analyse the ways in which ‘Know-Who’ and 
related concepts are significant features of face-to-face interaction in engineering 
environments, and thus how they present a challenge for effective distributed collaboration.

I identify the ways in which ‘ready-to-hand’ knowledge of practices, knowledge of expertise, and 
trust in expertise are critical to successful collaboration in engineering work, and reflect upon 
ways in which these issues can be better integrated into approaches to technical support for 
this work.

Keywords
Ethnography, distributed collaborative engineering, engineering design, knowledge work, 
‘know-who’, social connectedness, global design teams.
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1 Introduction: Design Teams and the Global Economy 

1.1 Background

An essential goal for engineers working with product development is to find suitable ways to 
deal with time-to-market demands, limited budgets and increased product complexity, while 
meeting customer requirements and demands on quality [1,2,3]. With estimates showing as 
much as 85% of the problems with new products having to do with a poor design process 
[4], product development companies are under constant pressure to improve their design 
processes to stay competitive in increasingly demanding markets. 

The archetypical over-the-wall [5] product development process, where all steps are carried out 
sequentially, has become obsolete during the last decade in favour of an integrated process 
where design, analysis, testing and manufacturing activities are involved at an early stage. In 
short, a concurrent engineering process enables companies to make timely, well-informed 
decisions, thereby making it possible to reduce total lead-time as well as prevent late, and 
thus costly, changes [6,7,8].

The globalisation of industries implies decreased costs and risks, or shared in the case of 
collaborative projects [9], as well as inevitable changes in traditional organisational structures. 
Consequently, a growing interest exists in creating and supporting global virtual teams, in 
which collaboration proceeds across time as well as geographical, cultural, functional and 
organisational borders [10,11,12,13].

Using the automotive industry as an example of the globalisation trend, a recent report from 
Mercer Management Consulting [14] indicates that by 2015, automotive suppliers will 
represent close to 80% of total value creation in vehicle engineering and production, while 
the share of the automakers themselves will be restricted to those components and activities 
considered crucial to the success of their brands. Fundamentally, more engineering and 
production will shift to suppliers and service providers, further increasing the motivation of 
companies to excel in global collaboration with such partners.

The cutaway of a Volvo XC90 in Figure 1 exemplifies the fact that although the final 
assembly of this particular model is made in Sweden, the car is comprised of many parts and 
systems developed and provided by supply chain partners worldwide. This example from the 
automotive sector provides a context of globalisation to this thesis, though it should be noted 
that other industries, including software and aerospace, are also experiencing major 
globalisation challenges. 
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The creation of outsourcing and partnership agreements further increases the already strong 
incentives to find more effective ways to communicate with worldwide partners. When 
considering the current wave of business mergers and acquisitions, it becomes blindingly 
obvious that methods and technologies for distributed collaborative engineering are 
considered to be crucial building blocks of a successful global business environment. 

1.2 Motivation

The motivation for this thesis primarily originates from the assertion that successful global 
collaboration in engineering remains an ambition, rather than a reality, and that global 
organisations are in serious need of ways to better reap the benefits of their worldwide 
presence. Despite the well-known advantages of employing concurrent engineering 
approaches, numerous issues still remain concerning how to effectively carry out such 
collaborative engineering in teams dispersed all over the world. With greater distances 
between collaborators – many of whom have different roles and responsibilities within the 
product development process – there is a clear need for members of an organisation to 
communicate effectively despite the challenges of working in a geographically distributed 
work environment. In this context, effective communication means much more than merely 
sharing information, technology platforms and plant capacity – it is essentially a matter of 
creating a knowledge-sharing culture. Former Chrysler President (now GM Vice Chairman) 
Robert Lutz commented on the challenge of blending corporate and national cultures into 
‘one company’ when automakers Daimler-Benz and Chrysler merged into DaimlerChrysler 
in 1998: 

“I do think that managing the cultural issues will indeed be the toughest part of making this 
marriage work. And the challenge, as always, will be getting the cultures to really meld below
the level of senior-most management.” [16]

Fundamentally, the driving force behind this thesis can be summarised in the below 
statement, which includes the need to collaborate effectively and seamlessly with suppliers 
and outsourcing partners throughout the whole product development process, from 
conception to product launch: 

Global product development organisations need to better utilize the joint 
potential of their workforce, regardless of where in the world they are 
located, with the establishment of a shared culture being a key component 
of such a strategy.

Having said that, culture is a contested concept. For instance, there is a considerable 
difference between culture seen as attitudes and values, and culture seen as practice. This 
thesis is much more interested in culture as practice. 

1.3 Objectives

Since physical co-location is not practicable, and might not even be preferred to maintain 
team diversity, etc., the globalisation of product development organisations raises demands 
for technology-mediated environments capable of adequately supporting geographically 
distributed teams with regards to communication and collaboration. Simply stated, the 
possibilities for ‘virtual co-location’ need to be extended. 



Larsson, A – Engineering Know-Who: Why Social Connectedness Matters to Global Design Teams

4

The research presented in this thesis is based on the belief that technical limitations, such as, 
for instance, bandwidth, are not the sole inhibitor of the design of useful tools and methods 
for distributed collaborative engineering. Rather, many shortcomings of today’s systems for 
computer-mediated communication are seemingly due to a failure to thoroughly appreciate 
and understand the significant relationship and interplay between the social aspects of 
collaboration and the technical aspects of computer tools. As such, my work deals with the 
challenge of successfully merging what is required socially with what can be done technically 
– termed as the socio-technical gap [17]. 

Following from this, my main objectives have been to: 

O1: Study and better understand social aspects of collaborative engineering activity. 

O2: Use this improved understanding to extend the possibilities for ‘virtual co-location’ in 
global design. 

Hence, my work has been primarily aimed at better understanding how collaborative 
engineering design functions in practice, how new products are created through the social 
interactions of engineering design teams, and how these design teams are able to merge 
different understandings, viewpoints and skills into a final product. Intertwined in this goal is 
the expectation that a deeper understanding of design collaboration will contribute to, or 
‘inform’, the design of new collaborative technologies and environments better tuned to the 
needs of global design teams.

1.4 Guiding Questions 

One of the problems of doing interdisciplinary research with its application in an engineering 
domain is that engineers often expect a certain model of research; mainly a hypothetical-
deductive one. This research project has been informed by sociological perspectives, where 
an inductive research model is more common. In this model, research questions can be 
emergent (see Glaser and Strauss [18]). One method often associated with this inductive 
approach is ethnography. This naturalistic form of enquiry is a standard feature of research in 
the social sciences, but almost unknown in engineering disciplines. Following from this, my 
research has led naturally to the evolution of research questions, as my understanding derived 
from ethnographic investigations of design collaboration has deepened. However, two 
ultimate questions have framed and guided my research throughout the years by keeping me 
close to my fundamental objectives, i.e. understanding design collaboration and using this 
understanding as input in the design of technology that adequately supports global 
collaborative design teams. These questions are: 

RQ1: How do engineering designers work together? 

RQ2: How can this understanding of designer work practice contribute to the design of 
appropriate technologies for distributed collaborative engineering? 

1.5 Scope

Although this thesis essentially concludes four and a half years of my life as a PhD student, it 
deliberately does not comprise all of my research activities during this time. Rather, the thesis 
is scoped to deal with those parts of my research that I believe contribute to a more adequate 
understanding of the value of social processes in design. As such, this thesis neither comprises 
‘all I know’ about design collaboration nor provides complete answers to the above research 
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questions. Fundamentally, this thesis allows for a more distinctive insight into the social 
process of ‘doing’ collaborative design, and its consequences in the design of suitable methods 
and technologies for distributed collaboration in engineering. 

1.6 Reader’s Guide 

The previous sections were intended to frame and contextualize my research regarding a 
globalising industry environment; preferably, the rest of the thesis should be read in the same 
manner. Thus, the overall purpose is to contribute to understanding the role of social 
processes in global collaborative design, and to discuss the potential impact of these processes 
on the effectiveness of globally distributed organisations. 

Chapter two will mainly introduce the analytic orientation that underpins this thesis, and as 
such will describe how I see and analyse collaborative work. Also, the chapter will briefly 
explain the ethnographic methods that I have used, and report on the general research 
process.

Chapter three presents literature I consider relevant to global design teams, in general, and to 
social work processes, in particular. It attempts to give an overview of the primary 
knowledge domains that have influenced my own research, as well as position my own work 
in relation to those domains. 

Chapter four is dedicated to the main findings of this research project, and summarises the 
major research contributions that I have chosen concerning the term Engineering Know-Who.
The chapter builds on observations of various kinds of social activity in both co-located and 
distributed design collaboration, and provides an overview of some social interaction and 
connectedness features that seem to be crucial to support in global design teams.

Chapter five is, naturally, very closely related to chapter four, since both chapters are based on 
the work presented in the appended papers. However, this chapter will be less extensive and 
provide a brief and general paper-by-paper walkthrough to highlight how each paper relates 
to the thesis. To clarify my personal contribution, I will also report on the division of work 
between co-authors. 

Chapter six concludes the main contributions of this thesis from both an academic and an 
industrial perspective. Topics considered particularly worthwhile of investigation in future 
research projects will be pointed out. 

Chapter seven is a retrospective look at the research process. I have chosen to present those 
reflections in the form of an interview with myself, primarily because it allows me to ask and 
answer questions that would otherwise be too easy to ignore. 
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2 Research Approach: A Turn to the Social 

2.1 Addressing Occupational Psychosis 

The work presented in this thesis originates from several disciplines. Throughout the research 
project, I have constantly struggled to make sense of the differences between collaborative 
work seen as a set of technical challenges that need to be resolved, and collaborative work 
seen as a socio-technical problem. I have been continuously challenged to examine and 
question my own viewpoints and perspectives, truly considered a very rewarding experience. 
I believe the constant exposure to other disciplines has helped me address issues of 
‘occupational psychosis’ [19], described by Randall et al [20] as “the tendency to see and 
understand everything through the occupational or intellectual concerns of one’s own chosen professional 
and disciplinary viewpoint.” The inclination to rely primarily on perspectives from your own 
discipline has also been termed ‘trained incapacity’ [19], i.e. when you train a person to do a 
job one way, you simultaneously train that person to not do the job any other way. This 
threatens any attempts to carry out interdisciplinary work, and though a bottomless source of 
confusion and even distress, I have found it extremely useful to work with people from 
different disciplines.   

I do neither claim to have fully understood everyone’s agendas nor take for granted that they 
have understood mine, but from day one it has been my intention to at least make a serious 
effort to understand where these people ‘come from’, and why they have chosen to focus on 
certain aspects while leaving out others. I have learned a lot from this multidisciplinary work, 
above all the realisation that common ground and a shared understanding do not simply exist 
– they have to be created through interaction with others. In essence, much of the work 
leading up to this document has been attempts to bridge ‘object worlds’ [28], to use 
Bucciarelli’s term. My own academic background involves a rough mix of Human Work 
Science and Computer Science, while that of my colleagues are truly far more diverse than 
‘only’ Mechanical Engineering. I would like to emphasise that my experiences from 
multidisciplinary work make me cautious in assuming that the readers of this thesis will share 
my assumptions, interests and perspectives. 

This thesis will undoubtedly be received differently depending on the personal and 
professional perspectives of the readers; to enable others to achieve a better understanding of 
the work, it is crucial that I, as clearly as possible, present the analytic lens through which I 
view design collaboration. Undoubtedly, this thesis is the end result of countless choices that 
I have decided upon myself, as well as in close collaboration with others throughout the 
years. It should not to be mistaken for ‘the truth’ or as an objective description of the most 
‘important’ dimensions of design team collaboration. The thesis essentially provides a 
complementary perspective on collaborative design, to be used in conjunction with other 
perspectives. I neither expect readers to share my perspective, nor do I intend to force my 
views upon them. Importantly, the point here is not to be apologetic, but merely to present 
my own rationale; why this thesis focuses on the social aspects of engineering, and why I 
believe it matters to global design teams. 

Presenting my analytic orientation in more detail, it should be noted that my theoretical 
choices were not made because these analytic perspectives are the only or the ‘best’ one 
could choose as a researcher interested in the area of collaboration. Rather, of the numerous 
complementary outlooks on human and social activity, the ones I used in my research were 
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chosen primarily to draw attention to particular features of collaboration, and to help me 
orient my research. As such, these analytical concepts can be said to have ‘illuminating’ or 
‘sensitising’ [21] properties – allowing me to elucidate aspects of design collaboration that are 
not normally considered, but are often just taken for granted. As such, my analytic 
orientation has helped me to approach a social world that could be described as ‘seen but 
unnoticed’ [37]. 

2.2 Methodology

My initial stance is that we need to refrain from making ‘simplified’ assumptions about what 
design collaboration is about and how technology should be designed to support these 
collaborative activities. I borrow extensively from the interdisciplinary field known as CSCW 
(Computer Supported Cooperative Work). In this broad perspective, understanding the 
interactional and work related practices of people doing a ‘job of work’ is crucial to the 
development of appropriate collaborative technology. To clarify, this form of 
interdisciplinary work is predicated on sociological as much as technical perspectives. This 
does not make me, or anyone else who might apply sociological perspectives and methods, a 
professional sociologist. My interests are not the interests of the sociologist. Although my 
specific interests in the CSCW domain will be further discussed in chapter three, the 
following sections will introduce some of its analytical underpinnings.  

Fundamentally, then, the development of collaborative technology may be better informed 
by close investigations of how engineering collaboration is performed daily. Therefore, the 
main concern of this thesis is the ‘work practice’ of engineering design teams, i.e. what the 
members of a design team actually do when developing a product together. The concept of 
designer work practice thus contradicts what the same designers ought to do if following a 
‘proper’, systematic, design methodology, or how they ought to use technological aids to 
reach the intended goal.

This distinction is very significant and absolutely crucial to this thesis. First, it differentiates 
between ideal and manifest behaviour [22], meaning that what people say that they ought to 
do, or say that they actually do, does not always match how they, de facto, act in a specific 
situation. Second, the term local knowledge [23] implies that there are ‘particularities’ of work 
that professionals acquire while doing their work; such as knowing that something ‘usually’ 
happens or that someone ‘typically’ acts a certain way. Finding exact, rational explanations 
for our skills is difficult. Often, we ‘just know’, and we ‘just do’. Knowing how (e.g. skills) is 
simply different than knowing that (e.g. facts) [24]. Third, engineering designers are 
continuously developing their working practice while navigating through the contingencies 
of their daily work situations. Getting things ‘back on track’ in the face of the unexpected, 
commonly described as knowing-in-action [25] and situated action [26], is a central aspect of 
everyday work that cannot be easily eliminated through the use of handbooks, plans or 
procedures. Regardless of what prescriptive methodologies, rules, principles or guidelines we 
provide engineers with in order to improve their work, a need also exists to emphasise, 
understand and support the often ‘invisible’, social dimensions of engineering design. 
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This thesis treats engineering design as a social activity [27,28], that is continually emerging 
from interactions among the people involved. It fundamentally treats designers as human actors
[26,29], as opposed to human factors, emphasising that people in general do not act rationally 
according to predefined rules or plans, but – while trying to ‘get the work done’ – actively, 
flexibly and rather seamlessly respond to changing situations. 

The matter of interest is to study, understand and describe how engineers 
actually work, not to prescribe how they should work. 

2.2.1 Ethnomethodology

Ethnomethodology owes much to phenomenology. Philosopher Edmund Husserl initially 
developed phenomenology, and thought that the goal of philosophy was to describe and 
analyze the world without bias or prejudice, without relying on scientific theories, and to 
study ‘the things themselves’ [30]. Phenomenology commences by analysing the natural
attitude, i.e. how people participate in the world, taking its existence for granted, assuming its 
objectivity and undertaking activities as if they were predetermined. As argued by Alfred 
Schutz [31], people must assume a reciprocity of perspectives for social interaction to be possible. 
This means that we assume knowledge to be objective, that everyone else reasons the same 
way, and that everyone else knows what we know of this world – that we, essentially, share 
commonsense.

However, since each person’s biography is unique, his or her interpretations may differ. 
Phenomenology views social interaction as an interpretive process where people apply their 
stock of knowledge to the situation at hand. The behaviour and statements of the interacting 
persons serve as indexical expressions, pointing to certain parts of communication, thereby 
enabling each person to proceed with the interaction while interpreting the context and the 
behaviours of others. Further, the term indexicality refers to all human interpretive work 
being bound to the context in which it occurs [32], as well as emphasising that the sense we 
make of a particular situation or activity is a product of the personal experiences and 
expectations we bring to the situation and the contingencies of that specific situation. 

Commonsense understandings are ‘common’ in the sense that they are shared – “what 
everyone knows that everyone knows” [33]. The term commonsense is generally used to focus on 
something that anyone could figure out by simply making use of past experiences and a pure 
ability to reason, e.g. that the shortest distance between two points is a straight line, or that 
you cannot be at two places at the same time. However, commonsense can also be 
interpreted as those meanings, beliefs, understandings and worldviews that are so deeply 
rooted in us through socialisation, we take them for granted. In a particular cultural context, 
these commonsense beliefs are rarely questioned because they are so convincing. Operating 
subconsciously, these beliefs affect our perceptions and actions because they are built into 
what rhetorician Kenneth Burke called terministic screens [34]. As declared by Alfred Korzybski 
[35], “the map is not the territory” and that “the word is not the thing it stands for”, thereby further 
emphasising the impact of the cultural context on how we perceive the world. When 
commonsense is operating, we are oblivious to the presence of our terministic screens, and 
interpret our own view of the world for objective reality. In a group context, commonsense 
can also be described in socio-psychological terms, such as groupthink [36], which has been 
defined by Janis [36, p.9] as “a mode of thinking that people engage in when they are deeply involved 
in a cohesive in-group, when the members' strivings for unanimity override their motivation to 
realistically appraise alternative courses of action.”
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Briefly stated, groupthink implies a tendency by very cohesive groups to constantly strive for 
consensus, while avoiding critical thinking. Although not originating from phenomenology, 
groupthink highlights the paradox of striving for common ground and shared understanding, 
while avoiding a state of groupthink.         

In the context of design research, it is important not to impose a structure upon design 
collaboration that does not consider the ‘usual’ ways in which team members conduct and 
view their collaboration. As an outside observer, I can judge the way they work as good or
bad, efficient or inefficient, though this does not mean that my perspective is the ‘right’ one. For 
designers, their way of working is the ‘right’ way. In this sense, the troubles they experience 
are “normal, natural troubles” [37, p.191].

Ethnomethodology, itself, has its roots in Harold Garfinkel’s work [37], a respecification of 
both the subject matter and the methodological approaches of sociology. A critical element 
of this is the rejection of the traditional perspective regarding the problem of social order, i.e. 
the relationship between practical social action and the sociological ‘rules’ or ‘facts’ by which 
stable social order is established. Rather than seeing the problem as that of the individual and 
society, Garfinkel deals with the question of how stable and orderly social facts and relations 
arise from specific and localised interactional features [33]. Garfinkel did not agree that social 
facts or forces act upon humans. He even coined the term cultural dope to describe how 
people are theorised by conventional sociology; as blind actors, unaware of the social rules 
they submit to [33].

Ethnomethodology observes that people, in fact, do have reasons for acting the way they do; 
thus, the focus is on ‘meaningful behaviour’. As Randall et al [20] state, ”We do not do what 
we do because there are rules (in a causal sense), rather there are rules because we do what we do.” We 
are continuously shaping and creating our own social worlds in our interactions with others. 
Therefore, social order is not something that simply exists, and acts as a determinant of social 
action. Garfinkel explained that the production of social order requires much work, and is 
actually ‘made to work’ by the members of society. Ethnomethodology (the study, logos, of 
native, or ethno, methods) is the study of the commonsense methods by which people 
manage and organise their everyday behaviour [33]. Fundamentally, ethnomethodology 
claims that the orderliness of social life is created through the everyday interactions and 
commonsense understandings of individuals, and that these commonsense understandings are 
contextual. Thus, they are not fixed and certain but recreated in each everyday interaction. 
Social action is inherently practical, not rational; hence, ethnomethodology focuses on the 
moment-by-moment social activities where our sense of ‘what is going on’ can change at 
each point and is likely to as events unfold [20]. Social activities are essentially ‘concerted 
activities’ [20], and the matter of interest is to understand how such concerting takes place. 

In the context of CSCW, these primarily sociological interests have been remade by Lucy 
Suchman [26]. She argues that plans are representations of situated actions produced in the 
course of action, and therefore become resources for work rather than determining its 
outcome. Suchman draws attention to actions as essentially situated and ad hoc improvisations, 
i.e. plans can be seen as rational anticipations before an action is carried out, and post hoc,
filtered reconstructions afterward. Hence, the communication between two people is shaped 
in response to the moment rather than abstractly planned. 
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This perspective shifts the emphasis from work processes to work practice. Even though work 
processes, such as the engineering design process, are often captured and codified in manuals, 
rules, recipes, etc., attention is drawn to the informal techniques by which we put these plans 
into practice, and how we deal with the contingencies of everyday situations [33]. Indeed, 
much effort is involved in making plans work. Plans are not just ‘executed’; they are 
resources that guide our actions, which are characterised by approximation and 
improvisation. These action resources help us interpret and understand the situation, since 
responding to the situation also means stepping outside the rules to ‘get things done’ [33]. 

Dwight D. Eisenhower, former General and President of the United States, once said: “In 
preparing for battle I have always found that plans are useless, but planning is indispensable.” This is 
an important thing to note. Suchman does not say that planning is entirely useless, but rather 
that we do not, in reality, adhere to the plan as closely as it might look in retrospect. Situated 
action can be seen as ‘how our actions are organised in response to the features of the setting 
in which they arise’ [33]. Schön [25] has termed this as knowing-in-action, where action is 
viewed as a “conversation with the materials of the situation.” [25, p.79] Suchman’s dichotomy 
between plans and practical action can be understood as a philosophical comment about 
human cognition, or alternatively, as a comment about the practical usefulness of plans. If the 
latter, then some commentators have disagreed with her. Thus, Bittner [38] makes the point 
that we should not take plans and procedures too seriously, without considering how they 
are actually put into effect by practitioners: 

“It could be, however, that the rational schemes appear as unrealistic normative idealizations 
only when one considers them literally, i.e., without considering some tacit background 
assumptions that bureaucrats take for granted.” [38, p.242]

Similarly, Schmidt [89] argues, in his critique of the seemingly ‘ceremonial status’ of formal 
constructs, that they seem to imply that members of the organisational settings in question 
are supposed to “…take formal constructs literally — as if constructs such as procedural formulations 
are supposed to be exhaustive specifications of how the work gets done” [89]. Schmidt rhetorically 
asks if such constructs are indeed misleading to competent members, or if that ‘fantasy’ is 
actually being enforced. 

My interest in the social dimensions of design and my generally ‘situated’ perspective on 
human activity does not mean that I am ignorant to the technical, or rational, perspectives on 
design; rather, I am interested in how these plans and procedures are collaboratively put into 
action. To reiterate:

My research is not about telling engineers how to do their work; my 
research is instead about understanding how they do what they do and 
improving their possibilities to carry out this ‘job of work’ in existing (and 
future) global business settings.

In agreement with Snodgrass and Coyne [39], the intention is not to prescribe but “to
understand and, thereby, assist what already works”, further emphasising the need to study how 
engineers really accomplish their work, while performing these studies from within to build a 
stronger basis for the design of useful technology.
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2.3 Methods

As a discipline, ethnomethodology has no interest in general theory or specific methods. The 
aim of ethnomethodology is to understand life and work from the perspective of its 
members, focusing on the details of moment-to-moment activities of people. The term 
‘ethnomethodology’ and the term ‘ethnography’ are occasionally used interchangeably. This 
is mistaken. Ethnomethodology refers to a set of analytic commitments. Ethnography, in 
contrast, merely refers to a range of qualitative approaches to data collection. As such, it can 
be very broadly thought of as a method5. Based on the ethnomethodological perspective 
described above, I will briefly introduce some of the concepts of ethnography that I have 
employed to achieve an increased understanding of design team collaboration will be briefly 
introduced. This is done to explain the overall properties of these methods, and to further 
emphasise that the ethnographic methods used in my work were empowered by the 
ethnomethodological orientation. Most importantly, I would like to distinguish my 
qualitative research approach from the somewhat shallow, but rather common, view on 
ethnography as ‘plain fieldwork’, or ‘requirements capture’. 

2.3.1 Ethnography

Ethnography dates back to the early 1900’s, and is associated with early anthropologists, such 
as Bronislaw Malinowski, who spent three years living with the people on the Trobriand 
Islands, off the coast of New Guinea. Through active participation and observation, and by 
using native informants, Malinowski aimed to become ‘intimately familiar’ with the Trobriand 
way of life. The detailed accounts of day-to-day life, stories and myths were then woven into 
an ethnography [40]. Thus, ethnography formed a naturalistic alternative to existing 
methods. Naturalistic refers here to in-situ behaviours. 

An important feature of ethnography is its attempt to develop a descriptive understanding of 
the studied activities. Ethnography does not set out to prescribe how people should talk and 
act, but rather to describe how they actually do these things throughout their daily lives. This 
approach is based on the belief that we should not judge other people by our own standards 
or that of any other group [22]. 

Another reason for an ethnographic approach is that people are not always required to 
articulate the knowledge they bring to a particular situation, and even may occasionally lack 
the vocabulary to talk about these situations [22]. The distinction between ideal and manifest 
behaviour was briefly introduced earlier, meaning that what people say and what they do are 
not always the same. Ideal behaviour is what every ‘good’ member of the community should
do, while manifest behaviour is what people actually do [22]. It has been shown that when 
asked to describe their own behaviour, people tend to give an account that is closer to the 
ideal than to the manifest. It is not a case of being dishonest, but rather a way of telling 
people what they want to hear, or living up to cultural expectations. Together, the ability to 
observe and record activities as they happen becomes a critical success factor in any study of 
human activity. 

Having intimated that, in some respects, ethnography should not be thought of as a method, 
in a strict sense, it nevertheless remains the case that various choices can be made about the 
ethnographic role. 

5 Method here does not mean stepwise instructions for obtaining relevant results. Rather, it refers to some practical 
injunctions for doing work competently. 
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An observer can take on many roles, depending on the degree of participation. One extreme 
is often described as the ‘fly on the wall’ method, where you try to be as unobtrusive as 
possible, letting things happen as they would if you were not there at all. However, this is 
often difficult, since the researcher must be given ‘permission to hang around’ by the 
participants, who might otherwise feel that his or her presence is obtrusive. Simply being an 
observer to events is often unacceptable. The other extreme is the participant observer 
method, where you participate fully in the studied activities, while being an observer and 
gain firsthand experience of the events under study. Usually, ethnographers move back and 
forth between different degrees of participation, and choosing among these observational 
extremes is not necessary [22]. 

Note taking is often valuable when observing. Field notes should not be seen as complete 
records of experiences and observations [22], but they can be used as ‘triggers’ for 
remembering happenings in a certain situation. Also, they provide you with a quick 
overview of the observed activities. Written notes are indexical, i.e. they point to certain 
features of the observations that then become visible and understandable. It is a good way to 
aid in later reflection without removing attention from the activities as they unfold. 

Videotaping is another method used in ethnography, and deals with the fact that “human 
activities unfold so fast that it is impossible to capture their complexity by observation alone” [41]. 
Videotaping enable us to playback particularly interesting situations from the observations. 
Field notes might help us remember something surprising in the activities that could be 
worth a second look. Bringing in other members of the research group to hear their opinions 
on the same sequence is also possible. 

Informal interviewing is an approach that lets participants shape the discourse. The interviews 
are intentionally unstructured and open-ended at the beginning, with more structure being 
added as the interviewer learns more about the participants and their community. The 
emphasis is on interviewing participants in their ‘natural’ environment, where they feel at 
home and have access to the people and objects that might be of importance in the 
conversation. Contextual interviewing is similar, but rather than meeting specifically for an 
interview, the interviewer interrupts the observed activity to ask questions about things as 
they happen. 

The above descriptions are intended as brief examples of different ethnographic methods, 
with reference to the ethnomethodological perspective put forward earlier. Collaborative 
engineering, as all human activity, is situated and context-dependent, and calls for a research 
approach able to handle such ambiguity. Ethnography involves an iterative, improvisational 
approach to understanding, where the research strategy can be adjusted as more is learned 
about the particular situation at hand [22]. 

Qualitative research in general, and ethnography in particular, is often not considered to be 
much more than ‘doing fieldwork’, ‘working with users’, or ‘seeing what’s going on’. 
Similarly, qualitative research is often seen as synonymous to spending considerable time 
studying and analysing a tiny aspect of social life that eventually has little or nothing to feed 
back to the activity under study. We should note here, the ethnomethodological insistence 
on analytic auspices. The relevance of ethnography, in this view, would not lie in particular 
aspects of data collection, but in the analytic commitment to such matters as ‘seeing things 
from members’ points of view’, or the processual character of interaction, or the ‘egological’ 
[42] viewpoint, and so on. 
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Equally, such qualitative approaches are occasionally understood as attempts to completely 
abandon technical for social perspectives. Certainly, this is not the case. These approaches 
should be seen as ways of acknowledging the multifaceted, situated and highly social nature 
of work. The ‘turn to the social’, as I see it, is primarily a way of moving from sociological 
theorising towards a focus on the details of practical action. 

For the record, it should be noted that the term ‘qualitative research’ is used here in a wide 
sense, as a counterpart to quantitative, positivistic approaches, and as a general description of 
naturalistic, ethnographic or hermeneutic approaches.

“…qualitative implies a direct concern with experience as it is ‘lived’ or ‘felt’ or ‘undergone’ … 
Qualitative research, then, has the aim of understanding experience as nearly as possible as its 
participants feel it or live it.” [43, p.7]

2.4 Fieldwork

The fieldwork that this thesis is based on was conducted from 2000 to 2005, and covers a 
wide range of activities relevant to engineering design collaboration. Student teams in both 
co-located and distributed settings were observed, engineers working in industry were 
accompanied, as well as numerous discussions with industry representatives throughout these 
years. My fieldwork approach has not been ‘case-based’, where the study focuses on one or 
several companies throughout the whole PhD project. Rather, I have chosen the fieldwork 
settings considered appropriate for each phase of my research. Being a newcomer in the 
domain of engineering design and product development, getting feedback from those 
industry-based indivduals that I have continually come in contact with during the course of 
this project was particularly valuable.

My research has primarily been carried out in the following contexts: 
Blekinge Institute of Technology 
While doing my Master Thesis in 2000, I was part of a community of PhD students in 
engineering design, and observed mechanical engineering students in activities 
concerning computer aided design and analysis. This was my introduction to the area 
that I now work in, with parts also being reported in paper A.   
Luleå University of Technology 
Much of my fieldwork has focused on collaborative design performed within the 
SIRIUS course at Luleå University of Technology. In 2001-2002, I observed the 
‘Virtual Pedals’ project, conducted in close collaboration with a student team in Luleå, 
a student team at Stanford University and representatives from Volvo Car 
Corporation in Gothenburg. Various aspects of this research, carried out over seven 
months, have been discussed in papers B, C, D and E. In 2003-2004, I studied two 
‘Design for Wellbeing’ projects, one as a joint effort between Luleå and Stanford, the 
other as a three-part collaboration between Luleå, Stanford and the Royal Institute of 
Technology in Stockholm. During this last academic year, I have studied another 
‘Design for Wellbeing’ project, performed locally by a team of seven Luleå students. 
The ‘Design for Wellbeing’ projects are reported in papers not included in this thesis, 
but have nonetheless provided useful input to papers F and G. 
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Polhem Laboratory 
The Polhem Laboratory is a competence centre for integrated product development at 
Luleå University of Technology, and has provided the main funding for my research. 
It has also offered me excellent opportunities to interact with engineers and managers 
from the partner companies. Throughout the years, I have continuously exposed my 
research to company representatives, enabling me to get a deeper understanding of 
practices and needs, as they understand them. The laboratory has also afforded me 
access to a mixed community of academia and industry; all the papers have therefore 
been heavily influenced by my participation and interaction with others in this centre. 
More specifically, paper F reports on parts of the findings from a four-week 
ethnographic study at two different departments at a partner company of the Polhem 
Laboratory.
VIVACE
During the last year and a half of this thesis work, I have benefited from working in 
VIVACE [44], a €70M Integrated Project in the EU Sixth Framework Programme 
(FP6). The acronym stands for ‘Value Improvement through a Virtual Aeronautical 
Collaborative Enterprise’, with the main project goal to support the design of a 
complete aircraft with engines by providing increased simulation capabilities 
throughout the product-engineering life cycle. Briefly stated, the goal is to create a 
‘virtual product’ in a ‘virtual enterprise’ – thereby aiming to achieve a 5% cost 
reduction in aircraft development, a 30% lead time reduction in engine development 
and a 50% cost reduction in engine development. I have been involved in the 
‘Advanced Capabilities’ sub-project, and the ‘Collaboration Hub for Heterogeneous 
Enterprises’ work package, where I have taken part in fruitful discussions on barriers 
to collaboration in Virtual Enterprises, and how to address them.
NFFP
In close relation to VIVACE, I have also had the opportunity to partake in a national 
aeronautical research program, NFFP (Nationellt Flygtekniskt Forskningsprogram), 
whose overall aim is to strengthen the competitiveness of the Swedish aeronautical 
industry. Among other things, my participation in NFFP has led to an increased 
insight into the reasoning behind Functional Sales and related Functional Products and 
the impact that this new business concept has on tools and methods for distributed 
collaborative engineering. 

2.5 Chapter Summary 

Successful global collaboration in product development is, simply put, still far from a reality. 
Product development organisations working on a global arena need to better utilise the joint 
potential of their workforce, regardless of where in the world it is located. To achieve that 
hidden potential, global collaboration needs to involve not only the sharing of information 
and responsibilities, but essentially also the establishment of a knowledge-sharing culture. Of 
course, the devil is in the detail. In some ways, the value of this ethnomethodologically-
informed ethnography reflects precisely that.   

Since physical co-location is not always practical, or even preferable, the globalisation of 
product development organisations substantially raises the demands for technology-mediated 
environments that adequately support geographically distributed teams with regard to 
communication and collaboration. Companies are increasingly forming global virtual teams
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that work across geographical, cultural, functional and organisational borders, and extending 
their ability to achieve virtual co-location continues to be a major factor of competitive 
advantage. This thesis views engineering design as an inherently social activity and the focus of 
interest is to study, better understand and describe how engineers actually carry out their 
work, in detail, not to prescribe how they should work. The research has been aimed at 
better understanding, through ethnographic studies of co-located and distributed design 
teams, how collaborative engineering design plays out in practice; how new products are 
‘shaped’ and ‘engineered’ through the social interactions of these teams, and how they are 
able to merge different understandings, viewpoints and skills into a final product. The work 
includes the expectation that such a deeper understanding of design collaboration will 
contribute to, or ‘inform’, the design of new collaborative technologies and environments 
that better responds to the needs of global design teams. 
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3 Foundations: A Survey of Relevant Literature 

As noted earlier, this thesis is largely a multidisciplinary effort, a blend of perspectives from 
different knowledge domains. Again, to clarify, although engineering is the domain in 
question, engineering methods are not the basis of this thesis. I am studying engineers, not 
doing engineering. This chapter will provide an overview of the different knowledge 
domains, between which I have been navigating throughout the course of my research, and 
aims to clarify how these domains contribute to my understanding of collaborative 
engineering in global teams. It is not an attempt to cover the entire literature base in the area, 
but rather to describe the main foundations of my research, and position my own work in 
this context. 

Naturally, this literature overview is not the same as it was at the beginning of my project, 
and should not be seen as merely the starting point for my research. It has evolved as my 
understanding of design collaboration has increased, and could here also serve as an after-the-
fact roadmap to the main contributions of this thesis. To a certain extent, it offers a filtered 
representation of the referential backdrop needed to recognise the academic and industrial 
relevance of this work.

3.1 A New Frontier: The Virtual Enterprise 

This section describes in further detail the industrial context briefly introduced in chapter 
one. Primarily, it highlights the ongoing transformation of industrial organisations, from 
traditional ‘in-house’ development with supply chain networks to agile development in 
Virtual Enterprises (seen as temporary alliances formed by independent companies worldwide, 
sharing the burdens and rewards of increasingly demanding development projects). 

3.1.1 Product Development 

Ultimately, this thesis deals with the processes by which companies develop their products. 
To be successful, companies need to know how to develop products that create value for 
them as well as the customer. To say the least, this process of value-creation is anything but 
trivial. The area of Product Development is enormous, and there seems to be an endless variety 
of approaches and perspectives in the pursuit of ‘good’ design and development. Although it 
is relatively easy to find a widely acceptable definition of what product development is – “the 
set of activities beginning with the perception of a market opportunity and ending in the production, sale, 
and delivery of a product” [1, p.2] – much more ambiguity is involved with defining more 
exactly how, and with whom, such activities should be performed to effectively meet demands. 
Furthermore, and to be discussed later on, the notion of ‘product’ is a continuously moving 
target.

3.1.2 From Sequential to Concurrent Engineering 

At a high level perspective, it is possible to identify trends in product development processes. 
There has been a significant interest throughout the 1990s in development processes 
characterised by overlapping rather than sequential activities. The interrelated terms 
Concurrent Engineering [45] and Integrated Product Development [46] are commonly used to 
describe a “systematic approach to the integrated, concurrent design of products and their related 
processes, including manufacture and support. This approach is intended to cause the developers, from the 
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outset, to consider all elements of the product life cycle from conception through disposal, including 
quality, cost, schedule, and user requirements” [8]. 

Concurrent engineering has shown to be a powerful approach to maintaining 
competitiveness, while the advantages of concurrency have often been illustrated in the 
significantly reduced lead times that some Japanese automobile companies showed in the late 
1980s [47].

A major principle of concurrent engineering is the use of multidisciplinary, a.k.a. cross-
functional, teams that collaborate across traditional, functional areas of expertise [3,8]. If such 
collaborative product development is to be realised, a key objective is to “improve
communication between the many involved people including management, designers, product support, 
vendors and customers” [3, p.17]. 

3.1.3 From Local to Global Collaboration 

In addition to the concurrent, multidisciplinary and collaborative views of product 
development, issues of globalisation need to also be considered carefully and dealt with. 
Today, globalisation is a reality and it is not simply a matter of choosing whether or not to 
make use of worldwide production facilities and geographically dispersed product 
development teams. To put things in perspective, consider Allen’s [48] observations 
concerning the radius of collaborative co-location, where he notes that people are likely to seldom 
collaborate if they are more than 50 feet apart. This is a very small radius considering global 
collaboration. To benefit from working in the same place, organisations will have to address 
more distances than the physical. The challenge of achieving effective communication is 
further increased by differences such as language, culture, education, government regulations 
and time zones [3,49].

Team members located in different time zones often render the coordination of work 
difficult. Time differences can make it hard to schedule meetings or initiate contact, and the 
‘window of opportunity’ [50] for collaborative work can be very small due to a limited 
overlap in work hours. Thus, for many of the globally distributed teams, “time is distance”
[10, pp.167-186]. Additionally, team members may come from different countries and 
cultures, and thus have different ways of talking, being and acting – they have different 
‘cultural conditioning’ [51] that influences their perception of other cultures. Successful 
collaboration depends largely on the ability of team members to build trust, rapport and 
respect to bridge the differences. The potential for conflict is great, especially if it is true that 
‘trust needs touch’ [52]; hence, managing conflicts becomes a key factor for success [10, 
pp.213-233].

Furthermore, as the physical distance increases, the ‘information richness’ [53] inherent in 
face-to-face communication decreases. Non-verbal information – such as facial signals, 
direction of eye-gaze, gestures and posture – is more difficult to accurately interpret [54].

Another common problem of cross-site communication is the delay in resolving work issues 
[55]. Issues normally resolved in minutes or hours in a co-located setting can take days or 
weeks in a distributed situation, due to the difficulties of finding the right person, initiating 
contact and discussing possible solutions. As people tend to become less bound to particular 
offices or desktop computers [56], there are not only difficulties to initiate contact with 
people, but also to communicate via a wide range of technical platforms (e.g. laptops, PDAs, 
mobile phones) and different operating systems and applications. 
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Although global collaboration involves immense challenges for it to work, there are also
significant opportunities that come with geographical distribution. The use of a global work
force allows for 24-hour design [57] and offers the potential to accelerate development cycles
by combining teams from different time zones, with different degrees of overlapping work
hours. Differences in, for example, culture, education, organization and work methods allow 
for multiple perspectives on ideas and offer the potential for new ideas to lead to innovation. 
When considering social processes as crucial for successful design, diversity in all forms will
most likely add to the creative power of the global team [10, pp.407-430,58,59].

Moreover, when product development is not restricted to one physical location, companies 
will be able to harness local markets while still making use of the required resources and 
expertise available world-wide. This allows for closer and stronger relationships with, for 
example, customers, distributors and retailers. And, as physical distance increases, tacit 
knowledge (e.g. intuition, individual perception, rules of thumb) is not spread as easily
through informal communication channels, and must therefore be made clearer to be used 
throughout the company. The extra effort of ‘globalising local knowledge’ [60] could very 
well prove to be a competitive advantage for distributed companies.

Lipnack and Stamps describe a virtual team [13] as “…a group of people who work independently 
with a shared purpose across space, time, and organization boundaries using technology.” I also agree
with their ‘same-but-different’ perspective regarding the meaning of the word virtual,
basically stating that teams are ‘real’ to the people participating in them, though they are not 
the same as a physically co-located team. Figure 2 shows a modified version of Lipnack and
Stamps’ [13] illustration of ‘virtual distance’. 

Figure 2: Virtual Distance.
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3.1.4 From Lean to Agile Thinking 

As exemplified by Womack et al’s [47] study of Japanese automotive companies, the 
concurrent engineering approach from above has often been described in terms of lean 
manufacturing. The fundamental appeal of Japanese ‘lean thinking’ is that they use less of 
everything – time, human effort, facilities, inventories and money – in their development 
processes. Of course, saving resources is still a valid reason to adopt a lean approach to 
product development, but it is important to realise that the business climate is constantly and 
rapidly changing. The current trend is evolving from optimisation of mass production 
towards highly interactive producer-customer relationships [61], and here is where ‘agile 
thinking’ comes into play. According to Nagel and Dove [62], agile manufacturing is a response 
to complexity brought about by constant change, while lean manufacturing is fundamentally 
a response to competitive pressure in a ‘limited resources’ perspective.     

Agile thinking essentially requires resources that are not easily found within a single 
company; hence, the sharing of resources, technologies and risks among companies becomes 
necessary. This perspective involves an organisational flexibility that allows an enterprise to 
quickly establish the needed relationships to address certain customer needs. Sometimes this 
agility will take the form of more or less traditional, cross-functional teams, with closely 
involved suppliers and customers. Other times, this agility will be a Virtual Enterprise, where 
networks of independent companies, including suppliers, customers and even competitors are 
“…linked by information technology to share skills, costs, and access to one another’s markets. It will 
have neither central office nor organization chart. It will have no hierarchy, no vertical integration.” [63]

Ray Noorda, founder of Novell, states that companies need to simultaneously compete and 
cooperate, thus coining the term coopetition [64]. Brandenburger and Nalebuff [64] 
recognized the link between coopetition and game theory [65] in that both concepts deal with 
the interplay between competition and cooperation, i.e. how to cooperate without being 
exploited and how to compete without exploiting the competitor. Fundamentally, they 
argue that business is a game where you can win even if your competitor does not lose. For 
instance, two independent airline carriers, such as Scandinavian Airline Systems (SAS) and 
British Airways (BA), can compete against each other for landing slots, gates, freight contracts 
and passengers, while cooperating to share the development costs of Boeing and Airbus.

The aerospace industry provides two suitable examples of such Virtual Enterprise 
collaboration initiatives currently ‘changing the game’ of global business, namely the Airbus 
[66] consortium in Europe, and the Joint Strike Fighter [67] program in the US. Both of 
these initiatives involve corporations competing in many other contexts, but which are 
cooperating in this particular joint endeavour. ‘Collaborating with the enemy’ is thus 
becoming increasingly common, and being able to handle the often rapid transformation into 
such alliances is critical. A Virtual Enterprise is essentially defined in logical terms, not 
physical, where the model is based on the idea of organisations being able to make use of 
more resources than they currently have available, without the need for expansion. Figure 3 
shows a graphical representation of a Virtual Enterprise. 
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Figure 3: Virtual Enterprise Collaboration.

Combined with the trend for outsourcing and downsizing, this leads to a more demanding
collaboration between organisations and individuals. Adams et al [68] emphasise the effective 
communication of relevant knowledge demanded by Virtual Enterprises, and have identified 
the following key elements to reach this goal: 

Enabling the continuous exchange of information and knowledge to better equip all 
participants with an understanding of current achievements and future goals. 

Achieving simultaneity in tasks and processes through instantaneous global access to all 
personnel anywhere in the world.

Expanding the extent of know-how through a process of continuous learning. 

Encouraging cooperation between culturally diverse participants, thereby leading to 
healthy relationships based on trust and communication. 

3.1.5 From Hardware Goods to Functional Products

Many companies have traditionally developed and sold hardware-dominated products, i.e. 
trucks, engines and cars. Today, these products most likely also contain software, electronics 
and control systems, thus further increasing the complexity of product development work. In
addition, the products themselves require significant support services; hence, it can be argued 
that drawing a distinct border between products and services is no longer possible, since all 
products include services vital to their value. Product ownership and life cycle responsibilities 
are subject to change; customers are not only judging the value of the hardware, but that of a 
Total Offer, or a Functional Product [69].

When discussing the design of Functional Products, or so-called Total Care Products, Alonso 
Rasgado et al [69] describe such products as typically being comprised of hardware, often 
with integrated software and a service support system. Here, the service support system is not
only about maintenance, but also includes operations planning, remanufacturing, education
and other elements needed to fulfil customer needs. The customer does not buy the 
hardware, and only pays when the function is used. For example, an airline carrier might be 
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interested in buying thrust per hour rather than investing in the actual jet engines needed to 
achieve this function. 

Without going too deep into the area of Functional Products, I will argue that this 
developing business approach fundamentally implies even stronger business-to-business 
relationships, most likely within consortiums of the Virtual Enterprise kind. To a large 
extent, industries have moved from product-orientation, via process-orientation, to cross-
disciplinary integration – thereby increasing not only the diversity and complexity of 
developed products and services, but also the demands on methods, strategies and 
technologies that support collaboration and integration of cross-disciplinary and 
geographically distributed product development teams. The notions of Virtual Enterprises 
and Functional Products are noticeably raising the demands of cross-functional, cross-
business, cross-cultural and cross-continental (i.e. cross-X) collaboration, where effective 
knowledge creation is absolutely critical to such global enterprises. 

3.1.6 The Illusion of Communication 

Global engineering design teams are unmistakably communicating through technology, 
computers and an ever-increasing variety of information systems. Although communication 
happens, there are many doubts whether or not the ‘right’ information, to the ‘right’ person, 
at the ‘right’ time is being communicated. Moreover, it is important to recognise that a sent 
message does not automatically mean it has been understood (as intended) at the receiving 
end [70]. This ‘illusion of communication’ was commented upon by Alan Mulally, director 
of engineering for Boeing’s 777 project, who noted the mistake of often assuming that others 
understand things as we understand them, and that just because something has been said, it is 
also understood. Mulally stated, “…it’s the interaction that will allow everybody to come to a 
fundamental understanding.” [71] Similarly, research on software engineering teams [72] has 
implied that, in some circumstances, you need to understand the persons ‘behind’ the 
documents to really understand the meaning and importance of the documentation. 

It should be clarified that the point is not to assert the technology-mediated information 
exchange as being a useless endeavour, since there would not be much to discuss in the first 
place without information. Rather, it is to suggest, along with Cohen and Prusak [73] that 
effective information exchange in itself is not likely to solve the communication problems 
faced by global organizations. We need complementary approaches, and must acknowledge 
that ”…the problem is not just too much information, but information driving out social talk, or 
conversation.” [73, p.106] 

Ultimately, increasing globalisation and the advent of the Virtual Enterprise means engineers 
are working together with more people than ever before, though often with very limited 
knowledge of who they are actually working with, what their collaborators know, and to what 
extent they can be trusted. To achieve effective global design teams, issues of ‘social 
disconnectedness’ need to be addressed and dealt with. 
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3.2 Views on (Engineering) Design 
"I have drawn up definite rules to enable you, by observing them, to have personal knowledge of 
the quality both of existing buildings and of those which are yet to be constructed." [74]

In his De Architectura Libri Decem (Ten Books on Architecture) [74], the Roman architect 
Vitruvius (c. 70-25 BC) describes in detail the practices of design and construction of, among 
other things, buildings, roads and bridges. As is rather apparent from the above quote, his 
architectural advice was presented as fixed rules and prescriptions, rather than as interpretable 
guidelines for action. Even though some of his design concepts still are applicable, few 
architects of the twenty-first century would agree on the definite rules that can simply be 
applied to achieve a ‘good design’. Architecture is an art and a craft, not only the application 
of scientific principles. Or rather, the art and craft of it all could be viewed as how these 
scientific principles, along with other ‘inputs’, are brought to practice. Put simply, design is a 
somewhat vague concept.  

This section will give an overview of the various different prescriptive and descriptive 
approaches to design, as well as an outlook on design as a matter of ‘wicked problems’, to be 
addressed by designers through social interaction with other stakeholders.

3.2.1 Aesthetic vs. Technical Viewpoints

The question of what design ‘is’ seems to be a matter of endless debate. In Sweden, the term 
‘design’ is rather closely associated to the aesthetic properties of products, and is commonly 
used together with words such as ‘shape’, ‘form’ and ‘style’. Although Industrial Design is not 
completely about aesthetics and ergonomics, and Engineering Design not completely about 
mechanics and dynamics, explicitly and implicitly distinguishing between these two views on 
design is very common.

In the ENDREA6 nomenclature [75], Engineering Design is defined as:

“Design with particular emphasis on the technical aspects of a product. Include both analytical 
and synthetic activities.”

The same nomenclature defines Industrial Design as:

“Design with particular emphasis on the relation between product and man, i.e. semiotic, 
ergonomic and aesthetic aspects of the product.”

Taking a software perspective, Interaction Design has been identified as “the design of spaces for 
human communication and interaction” [76]. With this view comes the realisation that designing 
technology for users implies a need to understand and account for the ‘user experience’ in 
the design process, thus focusing on people rather than machinery. 

These are but a few of the countless definitions available used to distinguish one design 
discipline from another. In my view, design is a highly multidisciplinary domain; distinguish 
between design disciplines is not always easy or practical. For practical purposes, building a 
car or an airplane is design, whether the people involved choose to call themselves 
(industrial/engineering/interaction) ‘designers’, ‘engineers’ or ‘project managers’. I am thus 
in general agreement with Simon’s [83, p.130] broad view on design as the process by which 
we devise “courses of action aimed at changing existing situations into preferred ones”. I also agree 

6 Swedish Engineering Design Research and Education Agenda 
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with Friedman’s [77] view of the comprehensive design process as a “rich, complex integration 
of the scientific and the sensual, the intellectual and the intuitive.”

In different phases of a product development process, different people naturally do different 
things to accomplish different goals. However, these diverse perspectives ultimately need to 
be consolidated into a product, and though separating disciplines and roles provides a way of 
making a complex project more manageable, it also offers a somewhat ‘reductionist’ view on 
product development practices that, in reality, are far more multi-faceted and complex. 

The complexity of design is also made visible in the memo entitled ‘Strongly-Held Beliefs’ 
[78], sent out by Robert Lutz, former Chrysler executive and now Vice Chairman and 
‘product czar’ at General Motors. 

“We need to recognize that everything is a trade-off, that we can't maximize the performance of 
any one function to the detriment of overall profit maximization. The same goes for every 
discipline: A gorgeous vehicle that disappoints in quality will fail. A car incorporating every 
conceivable new safety technology makes no contribution to safety if it becomes unaffordable to 
the customer or we can't afford to build it. A vehicle with a single-minded focus on ‘absence of 
things-gone-wrong’ will fail miserably if it is dull, unexciting, a dog to drive, and ugly.”

As argued by Warell [79], many products are equally dependent on ‘technical supremacy’ and 
‘user appeal’, where understanding the whole problem is crucial when designing products 
that need to be successful from an overall ‘technical-aesthetic perspective’. 

3.2.2 Prescriptive vs. Descriptive Approaches 

The historical note from Vitruvius is very relevant in the debate on rationalistic and holistic
views on design [27]. The rationalistic, or prescriptive, view is most easily exemplified by the 
systematic approaches put forward by German design theorists Pahl and Beitz [80], and 
Hubka [81]. These approaches focus on breaking down the design process into steps, which 
are general to every type of design activity and should lead to generally valid solutions. 

Axiomatic Design, developed in the US by Suh [82], is another rational approach 
fundamentally intended to help designers structure and understand design problems by 
decomposing them into independent sub-problems. The approach basically relies on the 
hypothesis that fundamental principles for ‘good’ design practice exist. 

The prescriptive approaches recognize design activities as not only requiring a creative 
mindset, but also formal knowledge to be applied in logical, systematic ways. Simon [83]
argued that design should be seen as problem solving, where a variety of methods could be 
used to handle the complexity of the activity and ensure optimal results. 

Alexander [84] presented a way to take complex problems and decompose them into a 
solvable manner without relying too heavily on human intuition, which he thought often 
fails us when confronting problems with ‘insoluble levels of complexity’.  

The holistic, or descriptive, view on design emphasizes the difficulties of creating a universal, 
rational design theory that works well in actual practice. Empirical studies in design have 
raised the question whether or not designers follow any methodology at all [85], while other 
findings suggest that systematic approaches do not work even under ideal laboratory 
conditions [86], and that the universal design processes neglect factors such as economic 
constraints, time pressure, and teamwork [85]. 



Larsson, A – Engineering Know-Who: Why Social Connectedness Matters to Global Design Teams

24

I do not completely agree with the descriptive/prescriptive distinction between these 
different approaches. Alexander comments that the resistance to systematic processes of 
design could very well come from “…people who recognize correctly the importance of intuition, 
but then make a fetish out of it which excludes the possibility of asking reasonable questions.” [84, p.9]

Although they have an obvious rationalistic perspective, Pahl and Beitz [80] in fact 
acknowledge the importance of maintaining a balance between the intuitive and the systematic
properties of design. However, they do not emphasise enough the importance of the 
intuitive, possibly because of the obvious difficulties of providing suitable explanations for 
what intuition really is, and how intuition can be applied to do good design. Also, the focus 
of their book is not the intuitive properties of design, and is thus only a natural inclination 
towards the prescriptive elements. We can note that the book was written at a time when 
globalisation in product development was completely different than it is today.

Using the train of thought of Brown and Duguid [87], the intuitive and the systematic can be 
replaced by the concepts of know-how and know-what, deriving from Ryle [24], where the 
latter concept can be likened to the prescriptive handbook of design, i.e. know-what is relatively 
useless without know-how. Actually, know-how can be seen as “the particular ability to put know-
what into practice” [87, p.91].

On a similar note, Polanyi [88] writes: 
"The skill of a driver cannot be replaced by a thorough schooling in the theory of the motorcar; 
the knowledge I have of my own body differs altogether from the knowledge of its physiology; 
and the rules of rhyming and prosody do not tell me what a poem told me, without any 
knowledge of its rules.” [88, p.20] 

I see the prescriptive design theories as useful because they offer, to quote Schmidt [89,
p.144], a “limited selection of safe, secure, legal, valid, advisable, efficient or otherwise prescribed 
‘moves’ while excluding ‘moves’ that generally would be considered unsafe, etc.” Designers are 
basically provided with a general framework they can adapt to serve their own particular 
purposes. However, the prescriptive theories must not be seen as complete accounts of 
engineering design practice, since they are primitive and too far removed from context.

Schön [25] points out that the model of ‘technical rationality’ fundamentally views design as 
“instrumental problem solving, made rigorous by the application of scientific theory and technique.” [25, 
p.21] Furthermore, he argues that Simon’s ‘science of design’ is based on approaches to 
solving well-defined problems, while much of design is really about “messy problematic 
situations” [25, p.47]. 

3.2.3 Design as Wicked Problem 

Ackoff [90] recognizes that many problems are not individual or isolated, and are a ‘system of 
problems’ - what he calls a ‘mess’. A solution to such ‘messes’ cannot be obtained by solving 
each of the problems in separately. The system must be considered as a whole, and cannot be 
divided into independent parts without losing its essential properties. Consequently, he also 
argues that when individual parts of a system are improved, the performance of the whole 
system is not automatically improved. Similarly, Checkland [91] argues that while ‘hard 
systems thinking’ is effective when applied to well-defined (e.g. entirely technical) problems, 
it is not suitable for ‘soft’ problems involving human or social components.  
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Hyman [92] relates to Schön’s comparison of ‘rock-solid’ engineering science and the 
uncertain, ambiguous and inconsistent world of engineering design. As such, both authors 
essentially view design as a ‘swamp’ at the base of a solid cliff of traditional mathematics and 
science, and that dealing with design problems requires a holistic and multidisciplinary 
approach.

“…many real engineering design problems are poorly posed, do not have a unique solution or a 
readily identifiable closure, and almost always will require the integration of knowledge from 
several subject areas.” [92, p.3]

In pointing out the differences between science (the natural world), the humanities (human 
experience) and design (the man-made world), Cross [93] asserts that it is:  

“…widely recognized that design problems are ill-defined, ill-structured, or ‘wicked’. They are 
not the same as the ‘puzzles’ that scientists, mathematicians and other scholars set themselves. 
They are not problems for which all the necessary information is, or ever can be, available to the 
problem-solver.” [93, p.224] 

Introduced by Rittel and Webber [94], the notion of ‘wicked problems’ states that a problem 
could not be understood without knowing its context. Furthermore, since there is no 
definitive problem, there can be no definitive solution. Paradoxically, then, you cannot 
clearly define the problem until you have solved it. In effect, the problem solving process 
does not stop at ‘final’ and ‘correct’ solutions, it stops when you run out of resources (such as 
time or money). The cost of striving for an optimal goal is simply too high, and since it is 
uncertain that the outcome of such an optimisation struggle will be much better, designers 
dealing with wicked problems often have to stop at ‘good enough’ solutions – what Simon 
[83] calls ‘satisficing’.  

For clarification, I would like to add that not all design problems are wicked problems. 
Basically, a problem is ‘tame’ if the problem statement does not change over time, if no 
disagreement is created over it, and if it is obvious that a proposed solution will or will not 
solve the problem. Developing a ‘passenger-friendly airplane’ is a wicked problem, while 
calculating stresses in the fuselage is a tame problem, though time-consuming, difficult and 
not at all trivial. 

3.2.4 Design as Social Activity 

An alternative way of looking at design processes is to consider design as a social activity. We 
do not mean by this, that social activities are additional to design, but that they are, in some 
way, constitutive of the design process. To put it another way, design work would be less 
effectively done without these social processes. This could be seen as having to do with 
people having coffee together, drinking beers after work, or engaging in team-building 
exercises, but this would be to miss the point. Engineering design is not a purely technical 
activity; it is also a highly social process. Technical artefacts are ultimately designed for 
human needs and purposes, with design activities involving intense communication and 
interaction between individuals and groups in complex social settings. Social activity cannot 
be separated from the technical results – they are intertwined in the:

“…meetings that produce the specifications; the discussions around rough calculations and 
sketches that create understandings among the participants; the arguments about interpreting test 
results and prototype qualities that contribute to ‘feel’ and ‘intuition’ about aspects of the 
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design; and the debates about whether the design is ‘done’, if the specifications have been ‘met’, 
and if the result is ‘good’.” [27, p.63]. 

Brown and Duguid [95] point out that even when people work alone, they adjust their 
actions to society’s idea of what they are supposed to do. We are enmeshed in society in the 
sense that society influences our behaviour whether we like it or not. Similarly, design 
collaboration is framed by the social world and it is therefore impossible to objectively 
interpret the nature of design specifications and artefact descriptions without an 
understanding of the social setting where they were created [27]. On a closely related note, 
Toye et al [96] describe team design as “a process of reaching a ‘shared understanding’ of the 
domain, the requirements, the artifact, the design process itself and the commitments it entails” [96, 
p.33]. This process of collaborative sense making is critical to successful design and points to 
the importance of preserving ambiguity, and providing team members with “the freedom to 
manoeuvre independently within object-worlds and providing room for the recasting of meaning in the 
negotiations with others” [28, p.178]. 

Bucciarelli [97] observes a balance between the social and the technical; that the task of design 
is:

“…as much a matter of getting different people to share a common perspective, to agree on the 
most significant issues, and to shape consensus on what must be done next, as it is a matter of 
concept formation, evaluation of alternatives, costing and sizing — all the things we teach” [97, 
p.187].

The social dimension of design is further manifested by the view that design decisions are not 
exclusively influenced through formal meetings or the ‘correct’ use of design principles. 
Design is also greatly influenced by the casual interactions and discussions occurring 
throughout everyday work. You receive some advice from a colleague as he or she walks by 
your door, you take the opportunity to give your boss a quick briefing while you wait for a 
meeting to start, or you happen to overhear a lunch room discussion about the current 
economic situation of your project. Bucciarelli [28] considers such social interaction in the 
design process to be a key success factor in collaborative design. 

It should be pointed out that even when companies have already established a well-
functioning, formal relationship between their remote workforces, much ‘orchestrating’ is 
still to be done to achieve a sense of shared understanding between the people involved in 
product development. The Chief Executive Officer of the Renault group, Louis Schweitzer, 
describes the practice of ‘architecting’ a car out of components and essentially, dispersed 
knowledge resources from around the world: 

“A car cannot be separated into parts built with black boxes. You can’t afford to let a supplier 
do something that your engineers do not understand … a car is like a work of architecture. You 
can use good components, and components can be complex electronic systems, but in the end it is 
still the architect who is the master of the building, and it is still the OEM engineer who is the 
master of the car.” [98]

Similar to the notion of Ackoff’s ‘mess’ [90], this statement implies the sum is more than its 
parts. Thus, the car development process is not simply about selecting and assembling 
technical components. Suppliers provide components, though they cannot only be provided 
according to specifications; they have to fit with the overall ‘architecture’ of the car, as well 
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as suppliers having a total understanding of how each component contributes to the complete 
car.

One fruitful way of thinking about design as a social activity is to consider it as collaborative 
work. Seen in this way, we can perhaps identify the various strands of collaborative 
behaviour that contribute to an effective design process. Below we consider some of these 
strands.

3.3 Collaborative Work 

This section is devoted to the highly relevant aspects of collaborative work for global design 
teams, especially considering the above-mentioned view on design as a social process. The 
section focuses mainly on informal characteristics of communication, i.e. how people 
spontaneously and opportunistically interact with each other as part of their everyday work. 
Further, some general problems related to supporting the exchange of ‘social information’ 
across distance through computer-mediated communication will be described.    

3.3.1 Informal Communication 

In everyday work, informal communication is omnipresent. Spontaneous, unplanned 
interactions that occur in the midst of our daily work activities are easy to find 
[99,100,101,127]. Informal communication, then, reflects the highly contingent character of 
situations as they unfold. To reiterate, the agendas and plans we see are only partial resources 
for the management of outcomes [26], since the work to ‘make things work’ (see, for 
instance, Bowers et al [102]) is characterised by these contingencies. 

The improvisational aspects of communication can be recognised in a myriad of interactions 
in the work environment. A colleague might quickly ask you for some advice as you pour 
your coffee in the lunch-room; you get an economical briefing while you wait for a 
printout; you give your new phone number to a business associate as you bump into him in 
the hallway on your way to a meeting. These kinds of casual, everyday interactions are 
arguably vital to successful co-located collaboration, because one can rapidly and continually 
exchange information, monitor progress and learn about what others are doing [101]. 

Kraut et al [127] divide informal communication into four categories, based on the degree of 
preplanning:

Scheduled: Conversations scheduled in advance by both parties. 

Intended: Conversations not planned in advance, but sought out by one party. 

Opportunistic: Conversations anticipated by one party, but occurring by chance. 

Spontaneous: Conversations unanticipated by either party. 

When working in a co-located organisation, many possibilities exist for informal 
communication, when issues can be discussed and resolved spontaneously rather than waiting 
for a suitable and scheduled time to make a formal decision [103]. Also, co-located groups 
can communicate with each other more frequently and intermittently, further decreasing the 
formality of communication and minimizing the need for formal openings and closings [104].

Another feature of informal interactions is their briefness. In a study of informal workplace 
communication, Whittaker et al [105] found that 50% of opportunistic face-to-face 
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interactions lasted less than 38 seconds, with an average of only 1.89 minutes. The cycle of 
communication is fast, when problems are dealt with as they come up and information is 
exchanged as a natural, effortless and integral part of everyday work. Fundamentally, it can be 
assumed that the iterative style of informal communication enables people to reach well-
founded decisions and find common ground more rapidly than through conventional 
meeting structures. This has been further evidenced in various control room studies 
[106,107], where the point is made that ‘elegant’ or ‘effortless’ solutions to problem-solving 
or information finding are provided for by resources as simple as glancing and overhearing. 

In a concurrent engineering process, teams are able to reach the ‘right’ decisions quickly and, 
more importantly, correct mistakes rapidly because of an iterative, non-sequential approach. 
However, the informality of the local workplace has not yet made its way into the 
distributed (i.e. computer-mediated) workplace of global engineering design teams. 

The telephone is still the most commonly used tool for remote opportunistic interaction, 
mainly because its intuitiveness. However, since there is no way of knowing in advance if a 
recipient is available to accept a call, informal telephone communication is not as 
straightforward as face-to-face conversation. Research on business phone calls, though 
slightly dated, has shown that between 60% and 70% of telephone calls do not reach the 
intended recipient [100,105,108,109], illustrating the importance of the fact that participants 
achieve a sense of co-presence in order to become aware of one another’s availability and 
interact easily and effortlessly with each other throughout the course of their work. 

3.3.2 Awareness of Work and People 

Co-presence in the local workplace facilitates spontaneous interactions between colleagues; 
the concepts of presence and awareness relate to how we become aware of each other’s 
whereabouts and activities as we circulate in the work environment, overhear conversations 
in the hallway, or glance into the office of a colleague [110]. Presence and awareness is 
experienced through the informal, everyday interactions between people working in the 
same physical space – a general sense of who is around and what they are doing [111]. This 
understanding of the other’s activities enables you to set the context for your own activities, 
goals and motivations [112,113]. It has, however, become increasingly clear that the problems 
of distributed collaborative design teams can not be reduced to replicating face-to-face 
awareness (see Schmidt [114]). As Pettersson et al [115] argue, awareness is an occasional 
matter.

A common problem with distributed teamwork is the difficulties team members have in 
coordinating meetings. Knowing when to reach someone, an awareness of availability, is a 
crucial aspect of distributed collaboration. Another problem is knowing what the others are 
doing in a project where the members are geographically separated. Extra effort is needed to 
keep each other updated and ‘on the same page’, and an awareness of activity, or work, must 
be continuously maintained. Also, since distributed team members often have different 
deadlines and requirements, it is very important that everyone has a good understanding of 
where in the project they are [116].

Fundamentally, an awareness of the work of others facilitates communication, and is 
therefore certainly a basis for engaging in any kind of collaborative activity [117]. However, 
achieving a sense of presence and awareness in distributed teams is not easy. Apart from the 
barriers of geographic distance, ‘physical remoteness’ and different cultures, there are also 
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differing travel schedules, holidays and work hours to think about. Time zone differences 
also make delays in communication an inherent feature of global collaboration. [118]

Informal communication in local workplace settings is often preceded by ‘sightings’ 
[100,127]; you see a colleague walk past your door and you remember the budget proposal 
you wanted to discuss with him; you notice a co-worker putting on her jacket and you 
decide to take the opportunity to brief her about an important e-mail before she leaves for 
the day. Opportunistic communication is very much about finding a good time to interact, 
and as we continuously scan our environment, glance into other’s offices, etc., we are able to 
establish these connections easily and rapidly. This is the essence of ‘lightweight’ 
communication and it needs to be provided by the technology intended to facilitate 
distributed collaborative work. 

3.3.3 CSCW and the Socio-Technical Gap 

The concept of cooperative work can be seen as a rather general and neutral description of 
“multiple persons working together to produce a product or service” [119, p.52]. Bannon observes a 
fine distinction between the terms cooperative and collaborative, since the use of the latter term 
“gives special stress to a particular ‘collaborative’ or complying spirit among the cooperators, as evident, 
for example, in the expression ‘collaborating’ with the enemy” [119, p.52]. Generally, I agree with 
Roschelle and Teasley [120] that cooperative work “…is accomplished by the division of labour 
among participants, as an activity where each person is responsible for a portion of the problem solving“,
whereas collaborative work involves “…mutual engagement of participants in a co-ordinated effort 
to solve the problem together.”

With this noted, I agree with Greenberg’s [121] general definition of CSCW as "the scientific 
discipline that motivates and validates groupware design. It is the study and theory of how people work 
together, and how the computer and related technologies affect group behaviour” [121, p.133]. 

CSCW, as a discipline, is socially oriented rather than technology driven. It starts by 
examining how people interact and collaborate, and then proceeds to use this understanding 
in the development of technology to properly support these collaborative activities. As such, 
CSCW is: 

“…an endeavour to understand the nature and characteristics of cooperative work with the 
objective of designing adequate computer-based technologies.” [119, p.51] 

Even though the terms are often confused, CSCW and Groupware are different. While 
CSCW is a discipline which concerns itself with both analytic and constructive matters, 
groupware is much more focused on the latter, and can be defined as “computer-based systems 
that support groups of people engaged in a common task (or goal) and that provide an interface to a 
shared environment” [122, p.10]. In a wider sense, traditional technologies such as the 
telephone may qualify as groupware, though the term is generally used to describe 
technologies based on modern computer networks, such as e-mail, planning tools or 
videoconferencing systems. 

Groupware technologies are typically categorised into a time-location matrix (see Figure 4 and 
[123]), distinguishing between synchronous (same time) and asynchronous (different time) work, 
as well as between co-located (same place) and distributed (different place) settings. 
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Figure 4: Time-Location Matrix.

This thesis does not focus distinctly on one single part of the matrix. Although one of the 
main objectives is to support distributed collaborative engineering, aspects from every part of 
the matrix might turn out to be important for the designing of useful technology support. As 
Greenberg highlights: 

“Knowing how people work together without groupware is an essential first step for designing
appropriate software.” [121] 

Within the field of CSCW, a major issue of concern is the socio-technical gap [17], a mismatch
between the social requirements of collaborative activities, and what we are actually able to
support with technology. Ackerman [17] acknowledges social activity as fluid and nuanced: 
properties that render systems “technically difficult to construct properly and often awkward to use”
[17, p.3].

Further, Erickson and Kellogg [124] note that, as social beings, “we are immersed in a sea of 
social information. We have evolved an exquisite sensitivity to the actions and interactions of others”
[124, p.60]. However, they also argue that much of our knowledge about people, our 
sensitivity to their interactions and our ability to improvise in changing situations, is 
neglected in the world of computer systems, leaving us ‘socially blind’. 

With reference to design as being a social activity, successful collaboration draws attention to 
the creation of a shared understanding, or common ground, between team members. Clark and 
Brennan [70] use the term grounding to describe the process of ensuring that what is 
communicated is also understood. They further state that “all collective actions are built on 
common ground and its accumulation” [70, p.222], emphasising when common ground is 
continually built and rebuilt through the moment-to-moment interactions of team members. 
Such interactions can be found in many different forms, all of which impact the collaborative 
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design process in one way or another. For example, Short et al [125] describe aspects of 
visual communication that influence social interaction:

“In normal face-to-face interaction, the participants exchange in addition to the verbal material, 
a range of non-verbal cues such as facial expression, direction of gaze, posture, dress and 
physical distance.” [125, p.153] 

Another view on the importance of non-verbal cues is provided by Tang [126], who states:

“Gestures, the process of making drawings, concurrent access to the drawing space, fluent 
intermixing of drawing space actions, and the ability to associate the marks with who is making 
them, all contribute to maintaining effective communication and collaboration.” [126, p.258] 

Within the verbal dimension of communication, I have already touched on the importance 
of informal communication in collaborative engineering. When studying the differences 
between formal and informal communication, Kraut et al [127] found that “…the more 
spontaneous and informal the communication, the less well it was supported by communication 
technology” [127, p.288]. In close relation to the socio-technical gap, they also observed “…a
need for mechanisms that support subtle communication protocols and are sensitive to the social context in 
which communication systems are embedded” [127, p.313]. 

In the sense that we have access to text chat, digital voice and video, and shared applications 
when working in geographically distributed settings, technology is functional. However, in 
actual use these systems are often far from being natural [128]. Tang [126] argues that “tools to 
support collaboration should not impose a structure that attempts to manage the interaction of the 
collaborators for them. Instead, tools should facilitate the participants’ own abilities to coordinate their 
communication and collaboration“ [126, p.258]. Although CSCW research has helped to achieve 
significant improvements in groupware, the problem of developing useful environments 
where people can work and meet each other socially and naturally is far from solved.

A better understanding of the socio-technical gap is crucial if we want to develop usable and 
useful systems that do not badly distort the social activities they, in fact, aim to support [17]. 

3.4 Knowledge Communities 

In what is being called a global knowledge economy, organisations need their employees to 
become ‘knowledge workers’ [129] – individuals who continuously utilise a wide range of 
knowledge assets to develop new strategies, actions and solutions for the rapidly changing 
marketplace. Drucker [129] notes that such knowledge workers are ‘associates’ rather than 
‘subordinates’, further adding the definition of a knowledge worker as “…one who knows more 
about his or her job than anybody else in the organization.” Although I would not take this 
assertion too literally, it certainly underlines a people-centred view on organisational 
knowledge. Among other things, it draws attention to the importance of composing the 
teams to reflect the social and geographic distribution of knowledge. It is easy to assume that 
knowledge workers are not in abundance and that companies would like to, as effectively as 
possible, bring together the often widely dispersed knowledge and skills (i.e. the people) 
needed to conduct a particular project. Drucker [129] draws parallels between companies and 
football teams, since both are responsibility-based organisations where every member must be 
a responsible decision-maker. Keeping with this analogy, a successful football team relies on 
its ability to obtain the best possible overall performance from its eleven players on the pitch, 
all of whom have complementary roles in the ‘game plan’. Sven-Göran Eriksson, the current 
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manager of England’s national football team, was not particularly successful as a player, but 
has had great success as a manager with his inclusive leadership style, which focuses on 
motivating people, communicating a strategy, and then trusting people to go out and do 
their job as motivated, strong and responsible team members. [130]

All organisations have some kind of formal structure or process that guides teamwork 
activities within the organisation. Boxes, arrows, plans, policies and procedures often describe 
this structure. However, such a structure is merely a representation of a ‘planned reality’; 
underneath it lays a less formal work environment where group interaction is more or less 
self-organised and relationships between people are driving the exchange of information and 
knowledge. These informal ‘communities’ are crucial to create, share and apply 
organisational knowledge. Nonaka et al [131] point out that tacit knowledge, supposedly 
because it is difficult to formalise, make explicit, and manage, has largely been overlooked in 
the past. 

A largely unacknowledged difficulty is that of operationalising these rather high-level, 
abstracted, and managerial perspectives. Our problem is how to turn general comments about 
knowledge and its uses into practical policy. 

The following sections will introduce the concepts of Communities of Practice, Social Networks,
and Social Capital, with the aim of highlighting the importance of ‘social connectedness’ in 
global design teams, and assess the degree to which they might provide this linkage. 

There is no suggestion here that these concepts have any strong explanatory power. Instead, 
and in line with the above comments concerning ‘practical policy’, we treat them as 
illuminating concepts. One of the main issues to be confronted in interdisciplinary work 
involving groups such as engineers is that they typically do not have a world view which 
encompasses ‘social’ concepts. For the professional sociologist, no doubt, concepts such as 
‘community of practice’ are so self-evident that they require no further treatment. As 
previously stated, however, the groups of collaborative workers under investigation, and for 
that matter the researcher, do not have this sociological background. The concepts examined 
below, therefore, can be seen as a means to illuminate problems (and we should not assume 
that they point towards solutions), both for a researcher without a disciplinary background in 
the social sciences and for engineers who might want to utilise the results.   

3.4.1 Communities of Practice 

According to Wenger [132] Communities of Practice (CoP) are “…groups of people who share 
a concern, a set of problems, or a passion about a topic, and who deepen their knowledge and expertise in 
this area by interacting on an ongoing basis.” Such groups “…engage in a process of collective learning 
that creates bonds between them: a tribe, a garage band, a group of engineers working on similar 
problems.”

The concept of ‘practice’ refers to how individuals actually conduct their work on a daily 
basis, as opposed to the more formal plans, policies and processes prescribing the way work 
should be performed. It also refers to the dynamic process through which people acquire 
work skills by performing tasks and interacting with other people performing similar tasks 
within the same community. 
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There are three crucial characteristics of a CoP: 

The domain: Being a member of a CoP implies a minimum level of knowledge of that 
domain – a shared competence that distinguishes members from others. 

The community: In pursuing their domain interest, members of a CoP engage in joint 
activities and discussions, help each other, and share information. 

The practice: A CoP is different from a community of interest or a geographical 
community because it involves a shared inventory of experiences, methods, stories, 
tools and approaches – in short a shared practice.

The CoP perspective brings with it a shift of focus from information management to social 
structures, though it does not by any means take away the traditional information-oriented 
concerns. Like any other type of collaborative team, CoPs generate documents and other 
knowledge artefacts that need to be managed effectively. A geographically distributed CoP 
must definitely rely on some kind of technology to keep in touch, but even collocated CoPs 
must find ways to keep in touch ‘between meetings’ and exchange documents electronically. 

The concept of Communities of Practice leads us to treat community (in much the same way 
as we have discussed ‘culture’) as an ongoing and practically managed set of practices, rather 
than as being located in general conceptions of attitudes or values. Thus, although distributed 
design teams can be seen as sharing a common set of tasks, concerns or problems, it would be 
a mistake to imagine that common values constitute the whole of their practice. We would 
need to establish the ways in which they have or have not achieved enough shared 
understanding or trust to actually function as a true distributed community of practice when 
addressing these concerns. Fundamentally, if not enough mutual awareness exists to support 
the articulation work [133] of distributed teams (which involves how team members 
continuously monitor each other’s activities to determine how they need to adjust their own 
activities to mesh well with the unfolding work of their colleagues [134]), then we can 
imagine some failure in collaborative practice. 

3.4.2 Social Networks 

In turn, an aspect of this ‘trustful’ meshing of practices might implicate the ways in which we 
‘find things out’ and who from. Again, although one might have reservations about the 
explanatory power of ‘social network analysis’, the concept does at least serve to orient us 
towards this issue. Essentially, having a large network means that you are more likely to find 
someone who can either help you, or point you in the direction of another potential 
‘helper’. McDonald and Ackerman [135] use the term expertise concierge to describe a person 
with a large social network, with similar concepts having been termed technological gatekeeper
by Allen [48], and information broker by Fitzpatrick [136]. Gladwell [137] uses the term 
connector to describe people with a large network of contacts, and who are able and willing to 
introduce people to others who live and work in different communities.

Simply put, a person’s social network is the people who he or she interacts with on a regular 
basis, i.e. friends, family, colleagues and acquaintances [138]. Social network analysis has a 
long history in social science. An early example of such research is Milgram’s [139]
investigation of the ‘small-world problem’, where he observed that two randomly selected 
US citizens could be related to each other through an average of six first-name 
acquaintances. Termed the ‘six degrees of separation’ [140], this phenomenon has largely 
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been popularised by the trivia game Six Degrees of Kevin Bacon [141], in which the idea is to 
as quickly as possible link actor Kevin Bacon to any other actor via the movies they have 
shared with other actors.

As observed by Allen [48], engineers and scientists were about five times as likely to turn to a 
person for information as a database or a file cabinet. Similarly, Cross and Parker [142] found 
that people relied on colleagues they knew and trusted, rather than the ‘self-proclaimed’ 
experts they found through, for example, online resumes. They also note that people 
working in different subgroups often lost sight of what those in the other subgroups could 
contribute to their own work. From Cross and Parker [142, p.8], more connectivity is not 
always better, as being connected to everyone else is not desirable for everyone. 
Nevertheless, the fact of the social network, and general claims about the value of large 
networks, or nodes on them, does not help us identify what is being resolved through 
informal contact. It does not, to use Bowers et al’s [102] term, help us identify the ‘work to 
make the network work’. Focusing on ‘knowing who knows’ [143] and the ‘social 
distribution of expertise’ [155] is, in my view, likely to prove more productive. 

3.4.3 Social Capital 

“Social capital consists of the stock of active connections among people: the trust, mutual 
understanding, and shared values and behaviors that bind the members of human networks and 
communities and make cooperative action possible.” [73, p.4] 

I will also make reference to the term social capital. Briefly stated, social capital is a side effect 
of social interaction. It is a fundamental resource for value-creation, since productive 
communication patterns and trust between team members is crucial for their ability to create 
a shared understanding and for their willingness and motivation to share information, 
knowledge and expertise. In engineering, social capital is particularly important, since 
engineers fundamentally deal with ambiguous requirements and problems, i.e. trust in people 
and expertise is essential to successful decision-making. 

The notion of social capital is probably best known in the form of Putnam’s [144] historical 
analysis of America’s declining social capital, where he argues that the considerable decline in 
civic engagement over the last decades is highly related to a simultaneous decline in social 
connectedness. Civic engagement can, for example, be measured in terms of voting turnout, 
trust in government and membership in voluntary organizations. Putnam, however, uses 
bowling as a primary example and observes that though the total number of bowlers in 
America actually increased by 10 percent in a 13-year period, bowlers participating in leagues 
had declined by 40 percent during the same period. So, even though people were bowling 
more, Putnam noted that they were increasingly ‘bowling alone’. 

Despite being a concept primarily used within the disciplines of economics, sociology and 
political science, social capital is now finding its way into engineering design and product 
development. The main reason why product development organisations would want to 
know more about what social capital is about and how to build it is due to the trend they are 
currently experiencing with interesting similarities to Putnam’s analysis of bowling. 
Engineering designers and others working with product development are continuously 
expanding the number of teams and projects they are participating in, while working in a 
global context to a far greater extent than compared to only 10 years ago. This reality calls 
for, in the words of Cohen and Prusak [73, p.4], “…appropriate organizational investments – 
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namely, giving people space and time to connect, demonstrating trust, effectively communicating aims and 
beliefs, and offering equitable opportunities and rewards that invite genuine participation, not mere 
presence.”

3.5 Chapter Summary 

Today, globalisation is a reality, and organisations will have to address more distances than 
the physical. The challenge of achieving effective communication is further increased by 
differences such as language, culture, education, government regulations, and time zones. 
Agile product development requires resources that are not easily found within a single 
company, so sharing resources, technologies and risks among companies becomes necessary. 
This organisational flexibility allows an enterprise to quickly establish those relationships that 
are needed to address certain customer needs. The notions of Virtual Enterprises and 
Functional Products are noticeably raising the demands on cross-functional, cross-business, 
cross-cultural and cross-continental (i.e. cross-X) collaboration. 

The social dimension of design is manifested by the view that design decisions are not 
exclusively influenced through formal meetings, or through the ‘correct’ use of design 
principles. The design is also greatly influenced by the casual interactions and discussions that 
occur throughout the everyday work. However, the informality of the local workplace has 
not yet made its way into the distributed (i.e. computer-mediated) workplace of global 
engineering design teams. In actual use, groupware systems are often far from natural tools 
that efficiently and smoothly facilitate our work. Fundamentally, while often ‘functional’ 
from a technical viewpoint, such systems are mostly not ‘socially natural’. It has been 
observed that engineers and scientists very often turn to a person for information rather than 
to a database or a file cabinet, and people seem to rely heavily on colleagues that they know 
and trust. Ultimately, the increasing globalisation and the influx of Virtual Enterprise 
thinking means that engineers are working together with more people than ever before, but 
often with very limited knowledge of who they are actually working with, what their 
collaborators know, and to what extent they can be trusted. To achieve effective global design 
teams, it is crucial to address and deal with such issues of ‘social disconnectedness’. 
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4 Engineering Know-Who: Findings from the Field  

This chapter provides a selection of the main findings derived throughout the course of this 
research project. The literature review merged referential material with personal reflections, 
and this chapter continues along the same lines, although primarily rooted in observations 
from the field rather than literature. The papers presented in this thesis covers a five year time 
span. Clearly, the concepts and arguments deployed here have shifted in this time. In their 
different ways, however, they point progressively towards my developing interest in ‘Know-
Who’. Below, I trace that development through the empirical material that has led me to the 
conclusion that ‘Know-Who’ really matters to global design teams and that it depends 
significantly on how well dispersed colleagues are able to ‘connect’ socially.

Social connectedness in global design teams is, in large part, about 
Engineering Know-Who – enabling designers to ‘know who knows’, ‘know 
who to ask’, and ‘know who to trust’, regardless of where in the world 
their colleagues may be located. 

Layered beneath the concepts of social connectedness and know-who are a multitude of 
social interactions, some of which will be described and exemplified in forthcoming sections. 
When working with engineering problems, knowing what to do and how to do it is clearly 
dependent on the skills and motivations of other team members; it is not simply a matter of 
having intellectual capacity, reasoning ability, or a creative mind. Although it has been 
reiterated to a tedious degree in this thesis, engineering design is a social process. The findings 
presented in this chapter will highlight several aspects that are related to the social 
organisation of work; for example, how people make sense of their own work in relation to 
the work of others, how they get to know more about what others are doing, and how they 
find out about what others know – all this through a wide range of social activities. 

The chapter is focused on five themes related to social aspects of engineering design 
collaboration, and it offers a selection of examples that I feel underline why social interaction 
between designers needs to be promoted and better supported in distributed settings. The 
chapter also offers an outlook on the design of ‘social spaces’ that promotes the creation of 
know-who and social connectedness across distance. 

4.1 Socially Mediated Engineering

During my Master Thesis work at Blekinge Institute of Technology, I participated in a PhD 
project concerning Multibody Dynamic Analysis. My objective was to study how mechanical 
engineers used software tools for dynamic analysis, and to use the findings and understandings 
of that work to inform the design of a system for distributed analysis.

At that time, my work was focused on the interaction between humans and computers, and 
the empirical findings showed that performing dynamic analysis is not only about giving 
‘input’ to the software, which then processes the information and delivers ‘output’, or 
‘answers’. In reality, dynamic analysis is about creating a meaningful interaction between tool 
and user. In order to be a true support, the computer system should then guide the user 
through a complex translation phase, in which the engineer’s internal and external models 
are translated into a digital representation of the product being developed. The level of 
meaningfulness depends on the ability of both humans and computers to ‘act’ and ‘react’ in 
ways that are easily understandable by the other part.
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The findings of the study suggested that the translation phase was anything but trivial, and 
that the engineers were exposed to constant strain – more often related to tool-oriented 
problem solving, than to work-oriented problem solving. In fact, engineers were talking 
about dynamic analysis in terms of ‘pushing through’ or ‘sweating out’ an analysis. Often, the 
engineers were more concerned with using tools for dynamic analysis, than with actually doing
dynamic analysis. The difference in emphasis is very significant; because it highlights that the 
system often forces the users to ‘step out’ of their engineering mindset, only to handle the 
tool that was actually supposed to be a support in the analysis activity. Thus, the engineers 
are continuously using parts of their intellectual capacity to think about and act according to 
events that are not immediately related to the goal of developing a product. 

In the field note extract below an engineer, Johan, is asked to verify the theory behind a 
combustion engine. An engine manufacturing company has designed the engine, but they 
can not see if the idea works in practice unless they build a physical prototype of the engine. 
In order to find out if it actually works the way they have anticipated, without using costly 
‘real’ prototypes, they need Johan to perform dynamic analysis on a virtual model of the 
engine. The comprehensive goal of the analysis is to see if certain engine forces are kept 
below acceptable limits. The interest lies mainly in contact forces between interacting engine 
parts. What kinds of wear situations occur? What happens with the material when it is 
stressed? There are a lot of questions that the analysis can bring clarity to, and the results may 
lead to a complete re-design of the engine or maybe just to a change of material.

In the extract, Johan is analysing how a higher engine speed affects the material, and how 
changing other engine parameters can reduce the wear:

Comments: Johan right-clicks on the model and gets a huge list of options. He browses the list, 
hesitates, but eventually finds the motion generator. A new window pops up. He changes one of 
the parameters. 

Johan: ”I’m going to try it at a higher speed, and then we’ll see what difference it makes.” 

Comments: He enters the post processor. There are a lot of results to choose from, basically all 
the results from three different simulations. They are ordered alphabetically, but it still makes no 
sense to me. Some of the names in the list are almost identical, and whenever he clicks on a 
name in the result set, he gets even more options in another window. He browses the result set 
and the component list, but it takes him a while to find the first result he’s looking for. 

Johan: ”At this point, I’m only interested in comparing the plots from the three simulations. I 
got all the results here, but the hard thing is to figure out which ones I could really use.” 

This excerpt highlights a situation where the results of an analysis are presented in a way that 
does not fit the user’s way of working. I would argue that there is no natural mapping [145]
between the user’s concept of performing analysis, and the way the system presents the 
answers. The result set in the post processor is very extensive (see Figure 5), and it is up to 
the user alone to determine the relevance and meaning of the displayed results. Such 
information overload can partly be avoided by paying close attention to perceptual aspects 
such as colour combinations, size of text, order of items etcetera, but it is also important to 
ask the question if the software provides the users with proper assistance in ‘asking the 
relevant questions’.
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Figure 5: ADAMS PostProcessor.

Although my work in this project was mainly concerned with interface usability, the findings 
made me think about socio-technical aspects of engineering design. As exemplified by the
excerpt above, I noticed that some of the problems that the engineers experienced are not 
merely related to the user interface, but that the they are, in Ackerman’s [17] words, 
“conditioned by the underlying social requirements”. Even when sitting alone by the computer, the 
engineers working with dynamic analysis are greatly influenced by the engineers who are
responsible for building the models. If successful distributed dynamic analysis is going to take 
place, the end user must be able to make use of some of the knowledge that the model 
creator possesses. Thus, the system must provide the user with more than just the current 
properties of the model, i.e. the ‘facts’. It must also give him access to the design rationale
[146] and other information that could help him to better understand the model, and the 
underlying reasons for certain design decisions.

Dynamic analysis is not only technically mediated, but also socially 
mediated through a direct or indirect relation to the model creator. 

In this respect, we are also designing tools and methods to facilitate learning. Since the user
might not be an expert in performing analysis, there are obvious advantages with applications 
that can mediate some of the knowledge and expertise that an expert possesses. A distributed 
system for dynamic analysis is thus not just about distribution in time and space; it is also
about distribution of knowledge. Design engineers that traditionally have had to rely on 
simulation experts could, for example, be given the possibility of performing some parts of
analysis themselves. That way, they will be actively involved in a larger part of the product
development process, their understanding of both the product and the process will increase, 
and they will be in the advantageous situation of making relevant analysis earlier and more
often in the process. 

38
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Also, such an approach will increase the possibilities of performing cooperative simulations, 
both within a company and with subcontractors. For example, the chassis department at a car 
company can easily make use of models and results from the department involved with 
vehicle dynamics, and vice versa. This would also lead to a better understanding of the 
overall system, as well as it facilitates multiple iterations at the early stages of development. 
Another advantage with such a distributed system is that it would allow partners in a Virtual 
Enterprise to protect company specific knowledge by distributing parts of models or 
complete models in a grey box [147] fashion, were some parameters are available for 
modification, while the company sensitive parameters and structures are protected. Thus, a 
full simulation model can be constructed by connecting modules that are distributed by 
subcontractors, without the subcontractors having to ‘give away’ their specific expertise. 

According to Bylund’s [148, p.42] studies of automotive product development, design and 
analysis activities are often separated in time and space, which means that product 
development is currently ‘simulation-verified’, rather than ‘simulation-driven’. This was also 
observed in Larsson’s [149] work with vehicle system dynamics simulation. In order to realise 
the appealing vision of simulation-driven design by designers, it seems absolutely crucial to 
consider how to both feed explicit design rationale into such distributed knowledge systems, 
and to consider how to mediate social interaction between, for example, design engineers 
and analysis engineers when formal descriptions are not enough, or when specific expertise is 
needed to solve particular problems. 

4.2 Effortless (Elegant) Communication 

In the Distributed Team Innovation (DTI) project, a distributed design team consisting of four 
students from the ME310 course at Stanford University and four students from the SIRIUS 
course at Luleå University of Technology had the common goal to design ‘Virtual Pedals’ for 
cars, based on the fact that the need for mechanical connections between pedals and actuators 
has disappeared with the introduction of drive-by-wire technology. 

In this study, we investigated aspects of informal communication in distributed collaborative 
engineering. Early on in the fieldwork, we learned that the rather formal approach of holding 
meetings through telephone or videoconferences did not entirely fit the way in which these 
geographically dispersed teams needed to interact in order to ‘get the work done’. Although 
the synchronous technologies were useful and critical to advancement of the project, certain 
elements of day-to-day interaction between members were missing.   

For instance, the distributed teams experienced the rather common problem of meeting 
coordination. An awareness of availability, knowing when and how to best reach someone, and 
an awareness of process (or work), knowing what others are doing, were visibly lacking. Apart 
from the problems concerning geographic distance, ‘physical remoteness’, and different 
cultures, there were also differing travel schedules, holidays and work hours to pay attention 
to. Additionally, the differences in time zones made the need for informal communication 
between the teams even clearer, much since the ‘window of opportunity’ (see Figure 6) for 
interaction was very narrow.
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Figure 6: Window of Opportunity.

Based on the findings from the study, a Contact Portal (see Figure 7) was created to function 
as a support for informal communication. The Contact Portal combines several information 
channels, such as e-mail archives, awareness cameras, diaries, instant messaging, and Short 
Message Service (SMS). 

Figure 7: Contact Portal. 
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An example of the use of the awareness cameras is quite interesting. Just a few hours before 
an important deadline, the two teams were communicating via instant messages, but they 
seemed to have some difficulties ‘reading between the lines’. One of the teams was in need 
of positive feedback on an intended joke, and they monitored the recipient through the 
awareness camera. When they noticed that their remote team member laughed at their joke, 
the ‘ice was broken’ and the communication that followed flowed more easily. 

The instant messaging functionality was used for various purposes, such as direct project work, 
awareness, media switching, and meeting coordination. In the excerpt below, a Stanford 
student was at home and noticed that someone was active on the Luleå computer. A very 
brief and informal interaction led to a formal meeting being decided.  

From: Jonathan (from home) to Luleå-desktop 
Time: 2002-02-21 22:33 CET 
Message: …i'm heading over to the loft in 20 minutes. If anyone else is around, we'll give 
you a ring. 
---
From: Luleå-desktop to Jonathan 
Time: 2001-11-27 22:34 CET 
Message: …we were actually leaving now but if we can talk in 20 min, we can wait. 

In the form of diaries, team members could exchange information that might be useful later 
on in the project. Since formal documentation is often cumbersome to produce and 
maintain, this approach provided an easy way to explain some details of everyday work. Why 
did we make that decision? Who did he call to get that information? In the example below, a Luleå 
student is keeping his team members ‘up to date’ with his latest work.

Written by: Holger 
Time: 2001-11-26 23:51:04 CET 
Message: Today we bought a force feedback wheel and borrowed a webcam for our critical 
function prototype. After a couple of hours with some measuring and connecting problems we 
could run Monster Truck Madness with a power supply as brake and throttle pedal. Next step 
is to control it with Lab-View. 

The Short Message Service (SMS) was primarily of use when team members could not 
become aware of each other through the Contact Portal. By sending an SMS, they were 
assured that the recipient would be notified immediately. In the excerpt below, a 
representative from Volvo Car Corporation is using SMS in the form of a ‘post-it note’; a 
way of making sure that every team member in Luleå pays attention to an important, 
although not urgent, issue. This involved less trouble than calling each member, but more 
efficient than sending an e-mail.

From: Mats 
Time: 2002-03-07 11:12:35 CET 
Subject: Picture 
Message: Hi! Have you seen any picture from Stanford of their concept? It's Thursday now. I 
haven't received any e-mail. 

Much like the members of co-located teams, virtual team members should be given the 
opportunity to take part also in the informal activities of everyday work, some of which are 
described in the above examples. While remote members often can keep each other 
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informed through formal reports, e-mail or conference calls without too much extra effort, 
they seem to have a lot more trouble to engage in everyday informal communication with 
their dispersed colleagues. 

Effortless, or ‘elegant’, communication essentially means that people can 
interact with each other quickly and easily, without requiring a lot of 
formal or technical setup.

4.3 Side Conversations 

Another finding from the DTI project involves the improvisational aspects of 
communication in design teams, and the demands this kind of casual interaction puts on 
supporting technologies. 

During the course of our study, the distributed team got the opportunity to meet using a 
high-quality videoconferencing system. Using wireless microphones, team members were 
able to walk around in their team rooms while communicating with high audio and video 
quality (compared to traditional ISDN-based systems). These meetings were mostly very 
informal, and local side conversations were accepted to a greater extent, compared to other 
video and telephone conferences that we have observed. However, despite the high-quality 
communication channel that the videoconferencing system provided, we found that there is 
still a socio-technical gap that remains to be filled. 

Our observations of co-located and distributed teamwork told us that the design team lost an 
important aspect of co-located teamwork when moving into distributed collaboration. Even 
though the local interaction seemed more or less chaotic, it was still effortless, natural, and 
important for the sense-making process of the team. The subtle interactions that 
characterized their face-to-face collaboration were in many regards reduced to a formal 
process where team members were ‘explaining to each other’ instead of ‘thinking together’. I 
will use a few excerpts from our fieldwork in order to further emphasize the occurrence and 
importance of embedded one-on-one conversations in the context of one-to-many settings, 
and the implications this has for supporting and improving the performance of global teams. 

The excerpt below concerns embedded one-on-one conversations in the context of a group 
discussion. It is an example of how team members in a co-located, face-to-face setting are 
able to attend to a main discussion, while occasionally entering into parallel, more or less 
private conversations with a fellow team member.

Fieldnote excerpt #1 – Side conversation in a face-to-face setting: 
…MB (Luleå) is describing a pedal concept. He gestures to emphasize his point, but JW 
(Stanford) uses the video game pedals on the table to clarify that he has understood MB 
correctly. SS (Stanford) and BC (Stanford) join in on the conversation and ask MB questions 
about his concept idea. MP (Luleå) seems eager to speak on the subject and requests the word by 
standing up, raising his arm and snapping his fingers. He gets the word explicitly from JP 
(Stanford), and goes over to the notice board to elaborate. However, MB and JW continue their 
conversation even though MP is now officially ‘in charge’ of the main discussion. The other 
members pay attention to MP’s discussion … As soon as MB and JW are ready with their side 
conversation they return to the main discussion... 

This example points to an aspect of communication that is a natural part of co-located work. 
In our study, we often observed that while team members devote most of their attention to 



Larsson, A – Engineering Know-Who: Why Social Connectedness Matters to Global Design Teams

43

the main discussion, they also engage in occasional parallel conversations when they feel the 
need to discuss a matter with someone without explicitly interrupting the main discussion. 
Although extended parallel conversations often are considered impolite and disturbing, that 
did not seem to be a problem in the co-located discussions of this project. On the contrary, 
parallel conversations of this type were sometimes transformed into a main discussion as other 
team members overheard parts of the parallel conversations and found opportunities to take 
an active part in the discussion. Gradually, a side conversation evolved into a main discussion. 
Undoubtedly, there are suitable and less suitable times for such parallel conversations, but in 
the face-to-face sessions that we observed, team members had no difficulties making smooth 
transitions between a main discussion and parallel conversations. 

However, when working together in a distributed setting, such parallel conversations were 
not as natural parts in the discussions. In telephone conferences, they were very disturbing 
and team members refrained from having side conversations since they almost constantly 
introduced an observable ‘breakdown’ in the communication. Even in high-quality 
videoconferencing, side conversations were sometimes problematic, which is exemplified in 
the excerpt below.

Fieldnote excerpt #2 – Side conversation in a distributed setting: 
…JW (Stanford) is talking to NG, MP and MB (Luleå) over the videoconference. TP, JP, 
and SS (Stanford) start having a local side conversation. JW is disturbed by continues to talk for 
a while, before he decides to wait for TP, JP, SS to join the discussion. ”OK, I got to wait for 
these guys…” … BC (Stanford) leaves her chair and starts a local side conversation at 
Stanford. JW is disturbed and decides to wait for the others to finish. ”Hold on one second…” 
… “I’m sorry, we’re not trying to have separate conversations here…”Why don’t we all just 
focus on having one conversation here, OK?”… 

The observations exemplified above point out that although current communication 
technologies provide improved possibilities for global collaboration, the nature of teamwork 
shifts with the introduction of such technologies. The interaction that is so natural in face-to-
face settings is the root of problems in the distributed setting: it introduces a form of ‘social 
blindness’ [124]. While change is not always a bad thing, extra formality and rigidity should 
not be introduced into creative global teamwork without special consideration. 

In addition to extended parallel conversations in face-to-face settings, we have observed brief 
side conversations that are even less intrusive. By enabling instant feedback, these side 
conversations seem to serve a valuable purpose in design collaboration. They promote a 
quick and iterative process for negotiation of shared understanding. In fact, a brief side 
conversation might be all that is needed to make sure that shared understanding has been 
reached, as exemplified in the excerpt below (also see Figure 8). 

Fieldnote excerpt #3 – Instant feedback in a face-to-face setting: 
…JP and JL are talking about JL:s concept. MP and NG join the discussion. They take quick 
turns when talking. MB is working separately, putting up another concept sketch on the wall. 
MP elaborates on another concept together with JP. On her way back to her seat, JL is having a 
very brief side conversation with MB. They clarify that they agree on the understanding of the 
concept … 
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Figure 8: Co-Located Side Conversation.

In this case, there was a rather obvious informality about the collaboration. It was basically a 
very open discussion about the different concepts that team members suggested. In contrast
to the parallel conversation in excerpt #1, no student was officially ‘in charge’ of the 
discussion. The communication was very subtle and nuanced, and turntaking was less clearly 
marked. In a way, it was a chaotic conversation, with team members talking more or less at
the same time, in an unplanned, spur-of-the-moment style. If something was unclear or 
confusing, it was possible to get instant feedback without waiting for your turn. It is an 
example of an iterative mode of communication, which enables team members to find 
common ground through a rapid exchange of perspectives, thoughts, and ideas. Also, such 
brief conversations let team members discuss vague or crazy ideas that they might not want 
to discuss with the whole group before consulting a colleague first. 

Another type of instant feedback conversation had to do with the fact that the Swedish team 
members were not as fluent in the English language as their American colleagues. This often
resulted in brief conversations between two of the Swedish members, in which they were 
helping each other to make sense of a particular detail of the discussion.

Side conversations are important for establishing and dealing with relevant
problems and themes, without interrupting the primary task, and they 
offer moment-to-moment opportunities to get to know more about other 
people’s opinions and expertise. 

44



Larsson, A – Engineering Know-Who: Why Social Connectedness Matters to Global Design Teams

45

4.4 Sense Making 

In this section, I will present four fieldwork transcripts of design team collaboration within 
the Virtual Pedals project. The transcripts have been chosen as examples because they are 
representative of activities that were observed during the project. They point to how fluently 
and effortlessly the design team negotiated common ground in collocated collaboration. 
While trying to make sense of the concepts ‘acceleration’, ‘braking’, ‘foot injuries’ and ‘gas 
travel’, they made use of a wide variety of ‘tools for thought’, including verbal language, 
physical prototypes, sketches, gestures and even their own bodies.

4.4.1 Making Sense of ‘Acceleration’ 

The following transcript concerns a discussion that the design team had while the Luleå 
students visited Stanford in the beginning of January 2002. They are in the brainstorming 
phase of the concept design stage, and the team is trying to create consensus about how one 
of their concept ideas ‘really’ works in terms of acceleration. Figure 9 shows a snapshot taken 
as one of the students (SS) is describing the potential problem of accidentally accelerating and 
braking at the same time. 

SS: “It’s not with your heel off the ground [lifting right leg] though, he’s right [pointing at 
MP], it’s with your whole foot [lifting right leg again, holding it in the air]…even though 
you’re in this position, it’s your whole foot sitting there.” 

JW: “Your whole foot’s on the pad, right? [lifting right leg, pointing at the foot]” 

SS: “Your whole foot’s on the pad…[nodding]” 

JW: “[pointing at his right foot, gesturing]…when you slide up, you’re still touching it but 
you don’t…you’re suspending your foot…except there’s a little friction [gesturing] keeping it 
there, but basically you’re just suspending your foot.” 

SS: “I think that if you do that [right leg still in the air], and you have pushing [pushing 
motion with leg] for the brake also at the same time, that’s going to be difficult, because as you 
slide up [sliding motion with leg] you’re going to want to push in [pushing motion with leg] to 
hold it in place…”
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Figure 9: Making Sense of ’Acceleration’.

In this situation, SS is extensively using his right leg in order to imitate both the general 
driving position and the position of the foot in relation to the pedal. JW continues using the 
leg as an appropriate representation as he confirms that ‘the whole foot’s on the pad’ by 
pointing to his own foot. Interestingly, what then follows is that JW is continuing his 
thought process while pointing to his own foot and making a gesture to imitate ‘friction’. 
This is similar to the “stepwise reasoning-by-drawing” observed by Gedenryd [150] in that JW 
actually seems to be making up his mind about the concept at the same time as he is in the 
process of visualizing this to the other team members. SS can then rather seamlessly connect 
to JW’s story and go further into the potential problems of simultaneous acceleration and 
braking.

The excerpt highlights the interactional character of collaborative sense making since the 
participants are making use of gestures proposed by each other – thus negotiating a ‘language’
that makes sense to the members of the group in this particular context.

Apart from serving the purpose of emphasizing and making sure that what is said is also being 
understood by all participants, the use of body language could also be a way for the designers 
to ‘get a feel’ for the use situation that they are designing for. In reality, driving a car involves 
many different parts of the body, and when discussing driving it is only natural to involve the 
human body as one of the many representations that could be used to enhance the 
understanding of what it is like to drive a car with Virtual Pedals. Note, too, that in Figure 9 
the walls are covered with concept design sketches, the table is covered with prototypes and 
all kinds of ‘possibly useful’ objects, while prototypes of paper bikes are hanging from the 
ceiling as a source of inspiration and innovation.
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4.4.2 Making Sense of ‘Braking’

In the situation from which the following transcript is taken, the team is in the same
brainstorming phase as above, but they are now trying to achieve a shared understanding of 
how the brake should be actuated in the concept idea that they are currently discussing.
Figure 10 shows how one of the students (HA) is using a chair to convey his ideas to the 
other team members. 

HA: “...it must be possible to measure the force in this [pointing to the legs of a swivel 
chair]…and in an accident you can have this kind of…belt stretcher [gesturing to demonstrate a 
seat belt] attached to it so it…pulls it back [gesturing]…” 

MP: “Well, it does not have to move while you’re breaking [taking the swivel chair], ‘cause 
you know, you can be braking [pushing down on seat with right hand] by doing this…this 
could be actuating the brake [pushing with both hands]…”

Figure 10: Making Sense of ’Braking’.

In this sequence a regular swivel chair has been adopted as an appropriate object to represent 
the car pedals. Looking only to what is being said, it seems rather strange to measure the 
force in the legs of a chair, but in the above context there is no question about what HA is 
referring to. HA is also performing a ‘seat-belt-gesture’, maybe because he is not certain that
he is using the right English term (since he is Swedish), or because he is unsure about 
whether the other participants will follow his train of thought (How does a ‘belt stretcher’ 
relate to car pedals?).
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MP is using another part of the chair to demonstrate how he thinks about the braking
function. The flat and soft surface of the seat seems to match the properties that MP was
searching for in order to make a suitable connection between the conversational prop and 
the concept of car pedals. 

The chair serves as a boundary object [151] in the sense that it is used differently, for different
purposes, by two members of the same design team. HA is using the legs of the chair to refer 
to the braking mechanism, while MP is using the seat of the chair because the properties, or 
affordances [152], of the seat suited his thinking about a ‘non-moving’ pedal.

Basically, they used an object that was conveniently available and appropriate for the task. 
Common to both HA’s and MP’s behavior was that they ‘monitored’ the reactions of the
other participants in order to make sure that their use of the conversational prop was
understandable also to the others.

4.4.3 Making Sense of ‘Foot Injuries’ 

The transcript below relates to a situation in the phase of concept design where the team was 
trying to converge into a final concept that would be installed in a vehicle. The session was 
held during the Stanford team’s visit to Luleå in late-March 2002, and although the team was 
in the latter stages of concept design, there were still important design choices to be made. In
this situation the discussion concerned safety issues. In Figure 11, one of the students (JP) is 
using a notepad and his right hand to visualize a foot ‘slamming’ into the pedals in the event 
of a collision.

Figure 11: Making Sense of ’Foot Injuries’.
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SS: “…second topic is…you know…is the...having your foot flat [gesturing] on the pedal 
versus off [gesturing] of it…and having your heel on the ground…so there’s the potential of 
bending [gesturing]…and injuring yourself like that...” 

JW: “…yeah, and I think, if your foot’s on [gesturing] the pedal…it’s just…I think that 
what we found is that if your foot is on [gesturing] the pedal it’s better for dynamic 
driving…and if your…you can have your heel off [gesturing] and stuck, it’s better for static.” 

JP: “…is this the issue with having a flat surface that you…that you’re having your foot flat 
on the pedal [using notepad as pedal, right hand as foot], is it then…in an accident, if your 
foot’s a little bit away [puts hand away from notepad], it’s going to slam in [slamming hand 
into notepad]…whereas if you have an accident your foot’s already flush with the pedal [hand 
is kept flush with notepad]…it doesn’t go anywhere, it just presses in [pressing hand into the 
notepad]…is that, was that the issue we’re talking about?” 

SS: “No, the issue we are talking about is [stepping up to the whiteboard, taking a whiteboard 
marker]…if your [drawing]… foot is … here [pointing/drawing] and here [pointing/drawing] 
…and like, let’s say the pedal’s over here [pointing/drawing]…and your toe’s here [pointing] 
and your heel’s here [pointing]…in an accident there’s a potential to flex [gesturing] like 
that…”

The above transcript shows an example of a highly multimodal activity, where the designers 
make use of a wide variety of representations in order to negotiate shared understanding. 
Hand gestures are used to imitate ‘bending’ and ‘flexing’ of the foot, as well as comparing 
‘dynamic’ versus ‘static’ driving. Also, JP is using a notepad that represents the pedal in his 
story, or scenario, of what happens in a collision.  

The story of ‘slamming the foot into the pedal’ was only one of the many stories related to 
injury mechanisms that the design team used during the course of the project. For example, 
there was also a ‘getting the foot trapped under the pedal’ story, as well as a ‘contact with 
floor’ story. 

In the end of the transcript, SS is using the whiteboard to clarify what the ‘issue’ is, and it is 
interesting to imagine what it would be like to try to achieve shared understanding based 
only on his speech, without the ability to connect the indexical references (‘here’/’like that’) 
he is making to his sketches and gestures. 

4.4.4 Making Sense of ‘Gas Travel’ 

The last transcript is also from the sessions held in Luleå in late-March 2002. One of the 
students (HA) has brought forward a possible improvement of one of their earlier concepts, 
and he is trying to explain how the new design idea relates to the previous version with 
regard to the amount of ‘gas travel’ that is needed for the gas pedal. Figure 12 shows HA 
using a prototype as an aid to discussion, while SS is using the whiteboard to further clarify 
that they understand each other. 

JW: “So, in this [pointing at whiteboard] one you’re not actually moving your foot?” 

HA: “Yeah, you can make it move but using [pointing at whiteboard]…instead of this 
aluminium here [picking up prototype] you use some metal that [pointing at prototype] actually 
works as a spring, and you measure the…then you got the motion this [gesturing] way…” 
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SS: “It’s equivalent to having like a compression spring underneath here [adding to a sketch on 
the whiteboard], right?” 

HA: “Yeah, but a compression spring is…you’ve got a lot of travel [estimating using thumb 
and index finger], you don’t need that much travel [once again using finger measure]...” 

JP: “We do need some travel…”

HA: “Yeah … but you can use that for the [gesturing and pointing to prototype]…  I didn’t
even want to take it up now…I have to test it…” 

JW: “I think we agreed like that … we definitely want like a couple of inches of travel for the 
gas, is that right?” 

SS: “Yeah, I think so…”

HA: “I think just to control the gas you need maybe like this [finger measure]…I think in a 
car it’s not much more than this [finger measure]…” 

SS: “That’s about an inch and a half…”

Figure 12: Making Sense of ’Gas Travel’.

In the situation above, the team is using a variety of objects to discuss around. The discussion 
starts from one of their earlier concepts, to which HA offers a possible improvement. Since 
common ground already has been reached about that particular concept, it is a suitable 
reference for further elaboration. JW starts by bringing up a fundamental difference between
the two concepts – the amount of foot movement required to operate the gas pedal. HA
points at the whiteboard to establish an explicit reference between the two different 
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concepts, but in order to more clearly describe his thoughts about ‘gas travel’ he picks up one 
of the physical prototypes developed earlier in the project. He is using the prototype to 
illustrate both the actual position of the ‘spring material’ and the direction of motion when 
actuating the gas pedal with the foot. However, SS finds it more useful to add to an existing 
concept sketch on the whiteboard, possibly to point out that HA’s concept is not so much a 
completely original concept as it is a potential evolution of an existing concept.

Ultimately, the discussion above is a way of getting a shared understanding of the amount of 
‘gas travel’ needed rather than a rational process of selecting the actual machine part 
(spring/metal) that will deliver the expected behaviour. Even though the team benefited 
from the use of selection and rating methods, such as the Pugh concept selection method 
[153], there was much work involved in the building of a shared understanding about what 
‘ease of position adjustability’, ‘ease of control’ and ‘high level of comfort’ means in the 
context of this particular product development project.

The different criteria that were weighted in the selection matrices have no distinct meaning 
that enables a ‘rational’ and ‘valid’ selection process regardless of context. The aspects of 
‘acceleration’, ‘braking’, ‘foot injuries’ and ‘gas travel’ described above are just some examples 
of how the design of an object is influenced by and through the multifaceted communication 
and collaborative sense making that take place between members of a design team. In this 
sense, the approximate finger measure provided by HA in the final transcript may very well 
be as important to the outcome as many of the parameters, forces and angles that have been 
carefully calculated and written down in specifications and other types of formal 
documentation.

The findings from the observational study confirm previous findings that highlight the 
importance of viewing design as a social activity rather than as merely a systematic process of 
going from a set of initial requirements to an ‘optimal’ solution – using guidelines that are 
general to every type of design activity. Also, the findings imply the need to re-think the 
ways in which we support global design teams. Although advances in broadband 
videoconferencing systems show promising results of sending and receiving ‘hi-fidelity’ audio 
and video across continents, there is still an immense potential for improvement when it 
comes to designing virtual and physical places where global design teams can collaborate in 
more ‘natural’ ways than existing distributed environments allow. 

When making sense of Virtual Pedals, the members of the design team made use of just 
about anything that could help them communicate their ideas. Where verbal language was 
not enough, they used gestures, chairs, sketches, prototypes and all possible types of objects 
to visualize and describe what they wanted to ‘say’. The negotiation of meaning also 
involved the telling of stories and an extensive use of indexical representations, which 
implied that knowledge of the context of work was extremely important for common 
ground to be achieved.

The findings suggest that collaboration consists in active sensemaking on 
the part of team members, rather than only exchanging information, 
opinions and ‘hard facts’.  

Meaning is collaboratively constructed in the negotiations, discussions and arguments that 
designers continuously have in their everyday work, and the observations presented here 
indicate that current technical systems for distributed collaborative design are still lacking 
support for many of the activities that ‘thinking together apart’ involves. 
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4.5  ‘Know-Who’ Matters 

There are numerous different typologies and classifications that are intended to shed some 
light on what knowledge ‘is’ and how it can be created and shared. For example, Polanyi 
[88] uses the concepts of explicit and tacit knowledge to make a distinction between 
knowledge that easily can be described in documents and knowledge that we cannot 
articulate or codify but still are able to express in action. Similarly, Ryle [24] observes a 
distinction between know-what (i.e. facts) and know-how (i.e. skills), where the latter 
concept can be seen as “…the particular ability to put know-what into practice.” [95] To more 
clearly frame the notion of social capital as a key to successful collaboration in globally 
distributed teams, I would also like to paraphrase the categorisation of knowledge provided 
by Quinn et al [154]:

Cognitive knowledge (Know-What): The basic mastery of a discipline that can be 
achieved through extensive training and certification. 

Advanced skills (Know-How): The ability to apply the rules of a discipline to 
complex real-world problems. 

Systems understanding (Know-Why): The deep knowledge of the web of cause-and-
effect relationships underlying a discipline. 

Self-motivated creativity (Care-Why): The will, motivation, and adaptability for 
success.

Although applicable in both a group and an organizational context, these four dimensions are 
mostly associated with personal qualities. An underlying principle of social capital is that it 
does not deal with properties of individuals; it deals instead very closely with the connections 
among these individuals. As such, it takes interest in the mutuality of social interactions and it 
implies that although individuals might possess the personal qualities outlined above, this does 
not directly result in a rich social capital – much since these individuals may have very 
different possibilities to mobilise the appropriate social networks [144]. Since it probably is 
acceptable to argue that nobody can know everything, it seems only reasonable that people 
rely on other people in order to gain the knowledge they are in need of. ‘Knowing how’ to 
do something and ‘knowing who knows’ thus depends heavily on social interaction between 
people, but in the era of Virtual Enterprises this poses a serious challenge since the ease of 
connecting to and asking other people depends on the social, geographical and temporal 
distribution of knowledge [155].

Apart from ‘knowing who knows’ and knowing how to best access these resources there is 
also a matter of actually trusting the information that these people provide. This is closely 
related to the ‘illusion of communication’ described earlier, in the sense that you need to 
know more about the people ‘behind’ the information in order to know that you have 
understood it correctly and that it satisfies your needs. Trust is essential to social capital and 
the relationships and mutual commitment that underpin social capital would not exist 
without a reasonable level of trust. [73, p.29] Anselm Strauss’s [156] citation of an 
experienced oncologist well exemplifies the importance of knowing the source of 
information in order to decide the usefulness of the information: 

“I think you just learn to know who you can trust. Who overreads, who underreads. I have got 
X rays all over town, so I’ve the chance to do it. I know that when Schmidt at Palm Hospital 
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says, ‘There’s a suspicion of a tumor in this chest,’ it doesn’t mean much because she, like I, 
sees tumors everywhere. She looks under her bed at night to make sure there’s not some cancer 
there. When Jones at the same institution reads it and says, ‘There’s a suspicion of a tumor 
there,’ I take it damn seriously because if he thinks it’s there, by God it probably is. And you 
do this all over town. Who do you have confidence in and who none.” 

This is an example of ‘bias discounting’ [157], which basically means that people assess the 
value of information based on the perceived credibility of the source. [158] Also, this points 
to the view of trust as a function of a relationship, rather than a fixed ‘quality’ that anyone 
can just discover. For instance, “…we can trust a person to do the job on time, but the same person 
might not be trusted when it comes to informing other members of the team.” [73, p.31] 

Another concept that is very relevant to social capital is ‘knowledge brokering’ [159], which 
is the process of taking ideas and experiences from one context and adapting this knowledge 
to fit a new context, for example by realising that research results in the area of composite 
materials could be directly applied to the development of high performance sports 
equipment. In more general terms, knowledge brokers provide a link between those who are 
in need of information and those who have that information. 

I would like to introduce a fifth knowledge category that could be added to the four that 
Quinn et al [154] provide. This category has emerged from the fieldwork that will be 
discussed in greater detail below, but I choose to present it in this context to make the link 
between my work and related research explicit.

Know-Who: The interpersonal relationships that enable people to ‘know 
who knows’, to ‘know who to ask’ and to ‘know who to trust’. 

The addition of a fifth knowledge category, know-who, does not imply that this new 
category is more important than the other four, it merely offers a complementary way of 
thinking about aspects that influence successful teamwork and decision-making, and it raises 
the issue of how to adequately support the creation and application of know-who in global 
engineering design teams. Know-who principally consists of three dimensions: 

Knowledge-of-Practices 

Knowledge-of-Expertise 

Trust-in-Expertise

I will use these three dimensions to provide a selection of examples from the fieldwork 
material that intend to demonstrate some of the ways in which ‘know-who’ plays out in 
everyday engineering design collaboration. 

4.5.1 Knowledge-of-Practices 

This dimension relates to the observation that work practices may differ substantially between 
different parts of an organisation. There are no universal ways in which ‘things are done’, and 
this is, of course, even more evident in a Virtual Enterprise perspective, where an 
organisation could be widely dispersed across continents, time-zones, languages, cultures, 
professions etcetera. Borrowing Bucciarelli’s concept of object worlds [28], I argue that product 
development organisations are continuously facing the challenge of bridging the many 
different understandings that people may have of the same object or situation. For example, 
the same bill-of-materials can be used for different purposes by different groups depending 
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on each group’s needs and objectives, such as dealing with a complex parts structure, keeping 
track of costs, or planning the development of production tools. 

People are often working in many different projects simultaneously, and it is becoming 
increasingly difficult to keep track of the various ‘histories’ and ‘practices’ that correspond to 
each of these projects. In global product development, the ability to know about these 
diverse practices and the ability to understand how these practices affect your own work 
seems absolutely crucial to successful collaboration. 

I will use three excerpts from my empirical material to highlight the importance of gaining 
access to ‘histories’ of an organisation, or at least locating and gaining access to people that 
can help overcome the lack of knowledge-of-practices inherent in temporal organisations of 
the Virtual Enterprise kind. 

Knowledge-of-Practices – Excerpt #1:
“The gears cannot be put in at random…they shall be put in when it says that they shall be 
put in…” 

This excerpt is taken from a discussion about how to come up with a better risk analysis 
concerning fuel emissions from an engine. In laboratory testing, they had not been able to 
repeat a particular problem, and the group discussed the possibility that one of the reasons for 
this may be that different drivers are driving the cars in the different test situations.   

Of course, this statement should not be mistaken for the ‘truth’. It is simply one of many 
examples that highlight how engineers are bringing knowledge-of-practices into their 
decision-making process. The engineer making the above statement was very experienced 
and he had been through enough engine tests to make the judgment that the problem was 
related to the testing procedure rather than the product itself. This particular engineer 
basically located the person or persons ‘behind’ the risk analysis document, and it seems 
highly unlikely that he would be able to make that judgment without a substantial 
knowledge of other people’s work practices.

Knowledge-of-Practices – Excerpt #2:
“[They] have acted a bit more weakly than usual. They have some new people there and they 
trust simulations for verification. In previous projects, they have made decisions based on their 
own knowledge. Simulations are good, but sometimes you need answers fast. It was smoother 
before…”

In this excerpt, my informant has just ended a telephone conference with a manufacturing 
company. Among other things, they discussed which parts that could be considered as 
completed and ready for manufacturing. The manufacturing company representatives 
expressed a concern that they were still waiting for some manufacturing simulations, so they 
did not yet know if they would be able to go ahead with the production as planned. After 
the meeting, my informant told me that simulations should be a ‘receipt’ that verifies that it is 
actually possible to manufacture a certain part. He noted, however, that it should be possible 
to tell already from the digital design information if production is feasible or not. Based on 
his knowledge of how things have been done in the past, and based on his awareness of the 
‘new people’ and his knowledge of changed simulation practices, he rather easily made sense 
of the situation.

It should be noted that these companies have been working together for decades, so the 
mutual knowledge of each other’s work practices has been developed for many years. In 
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Virtual Enterprise collaboration, this introduces the challenge of developing this kind of 
knowledge-of-practices more rapidly, since collaborative engineering will most likely 
become increasingly time and context restrained.  

Knowledge-of-Practices – Excerpt #3: 
Person A [remote]: “Where is [the document], can I have a look at it?” 

Person B [remote]: “I have not received the updated version…” 

Person C [local]: ”We sent it to [person E], wanted him to distribute it.” 

Person B [remote]: ”It has not reached manufacturing for pre-check.” 

Person C [local]: “[Person B], you have the material there…can you please distribute it?” 

Person B [remote]: “Send it to me again, and we will see if we can solve it today…” 

Meeting ends, local conversation starts 

Person D [local]: “I think we have to start sending things to [person B]  instead…” 

Person C [local]: “We’ll have to start bypassing all filters…” 

In closely knit teams, people tend to develop a reasonably good understanding of how other 
people work; what their priorities are, how well they plan their work, to what extent they 
can be trusted to pass information on etcetera. In the above situation, two persons in Sweden 
were discussing with a group of persons situated in Germany. The topic of this meeting was 
suggested changes to be made before parts can be released to manufacturing. Apart from the 
apparent issue of document management, the excerpt points to issues related to knowledge-
of-practices. My informants knew very well that this was not only a problem of locating the 
document; it was also a problem of politics. First, they experienced the problem of assuming 
that just because the material had been sent it had also been received and distributed 
according to their intention. Second, they realised that people may have all sorts of reasons 
not to follow a recommendation, or to do as they are asked. As a consequence of people 
coming from different object worlds, these people have different objectives and motivations. 
In this case, the informants knew ‘Person E’ very well, which enabled them to both make 
sense of ‘E’s actions (or non-actions) and to devise a plan that would help them work around 
this problem. 

4.5.2 Knowledge-of-Expertise 

This dimension concerns the social distribution of expertise [155], basically meaning that 
although individual engineers are highly knowledgeable and possess various skills, they still 
need to rely on other people’s expertise in order to really know how or why to do 
something. The complexity of Virtual Enterprises demands cross-functional collaboration, 
and global teamwork, in general, leads to a greater diversity in knowledge and skills. It thus 
becomes increasingly important to be able to locate people with credibility; basically 
‘knowing who knows’ or ‘knowing who to ask’.

In co-located teams, knowledge-of-expertise is usually built up naturally and quickly. 
Through their interactions with others, people gradually learn about the strengths and 
weaknesses of their colleagues, and when faced with a problem they often have a very good 
idea of whom to approach for help. Ackerman et al [160] note that locating and sharing 
expertise is a key issue for organizations and that they could move beyond traditional 
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Knowledge Management by also taking interest in the self-organised (e.g. social) activities of 
employees.

Having knowledge-of-expertise fundamentally means that individuals and groups are aware 
of the expertise available within their organisation, although it may be socially distributed. In 
the case of HP, the problem of social distribution of expertise has been captured in the phrase 
“If only HP knew what HP knows” [161], which symbolises the challenge of supporting global 
sharing of local knowledge.

The excerpts below are intended as examples of situations that points to the importance of 
knowledge-of-expertise.

Knowledge-of-Expertise – Excerpt #1:
“My role is to make sure that they have the resources they need…getting people to talk to each 
other. If I don’t know, I’ll just ask someone, but many don’t work that way…they must dare 
to go out and ask…they have the competency, but they lack information…they often need 
information, so I book meetings for them.” 

When discussing the issue of team leadership with one of my informants, he reported that 
one of his most important responsibilities was getting people to talk to each other. His 
opinion was that the projects were so complex that it was absolutely critical to seek 
additional resources for expertise. He also commented that there are so many e-mails and 
documents going around so it was often much easier to ask people directly, rather than trying 
to make sense of written material. Furthermore, since some of his team members were 
involved in up to twenty different projects simultaneously, he observed that they have 
difficulties managing information since it was posted in so many different information 
systems.

My observations of this person clearly confirm his role as a ‘knowledge broker’ [159], who 
took every chance to point his colleagues in the direction of someone who he felt could help 
them in their work. His social network seemed far greater than that of most of his colleagues, 
and he was very skilled in making connections between individuals and groups that 
previously seemed to be very remotely associated.

Knowledge-of-Expertise – Excerpt #2:
“I’m not really that worried…he’s always very skeptical…it sounds much worse than it is. It’s 
just a way of saying that he doesn’t like it, but he always meets the requirements.” 

In this situation, I was talking to one of my informants directly after a meeting in which he 
and a colleague had performed a review of the current cost situation (i.e. cost-walk) for a 
certain part of the car structure. The colleague had not been very pleased by getting the 
directive to reduce the cost for a particular component, and he expressed his concerns about 
the anticipated difficulties of achieving the required functionality with less money. However, 
my informant did not at all seem worried about this. He knew from experience that his 
colleague often protested rather loudly if demands changed, but since he also knew that the 
end result was constantly of a very high standard, he expected a similar result this time 
around too. 

The ability to tell what people typically do in various situations is useful because it means that 
you do not have to accept every piece of information at ‘face value’. Recognising patterns of 
behaviour in the workplace enables people to make more informed decisions about the 
usefulness of information. The above example basically shows the concept of ‘bias discount’ 
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[157] in action since my informant values the statement from his colleague based on his 
experiences from similar situations in previous collaboration. In essence, he knew the person 
‘behind’ the information.

Knowledge-of-Expertise – Excerpt #3:
“What kind of evidence do we need to put here? If we have three to five percent that is not 
ready, is that yellow?...would this be green complete?” 

This excerpt is taken from a co-located review meeting concerning the status of a number of 
actions that the team needed to finish in order to clear an upcoming stage gate. The status of 
these actions was supposed to be put into a web-enabled review system, but this particular 
team did not seem entirely comfortable with the system. To put it briefly; they did not really 
know how they where expected to fill out the report. In an attempt to deal with their 
uncertainty of how to use the system, they had invited a person who was a very experienced 
user of the review software. 

Throughout the review, the ‘expert user’ described his interpretation of how the report 
should be filled out. It quickly became obvious that a single, ‘correct’ way to fill it out did 
not exist. He continuously pointed out that the most important thing to remember was to 
explain why a certain choice had been made. If a particular action was not applicable, they 
should basically choose the option ‘N/A’ and then write a comment or upload a file with 
‘evidence’. In response to the above questions from a team member, the expert responded 
that he, personally, would say that the particular action was ‘green complete’ (i.e. completely 
finished). He pointed out to the group that they, themselves, knew the most about their own 
work, and that it was actually a rather straightforward process to use the system; it was really 
just a way for the team to describe the rationale behind their decisions and their expectations 
of future results. 

This example shows how the team constructs the status of ‘green complete’. There simply is 
no ‘right’ way to fill out the report; what counts is how the team agrees to view and report 
their progress. This is in line with Bucciarelli [28, p.163], who observes that “the definition of 
a problem is a social choice”, that “there is no way to establish the solution’s validity for all possible 
conditions of testing or use”, and that “what matters is that participants gain and remain in control of 
what they construe as the problem, working both across and within their respective object worlds.” In 
turn, this also means that to be able to really understand what this particular group means 
with ‘yellow status’, you need to know more about the rationale behind their decision and at 
least some knowledge about the people whose expertise have influenced that decision.

4.5.3 Trust-in-Expertise

Apart from having knowledge-of-practices and knowledge-of-expertise, as described above, 
engineers must also be able to trust the information they receive. This trust fundamentally 
boils down to a trust in capacities and abilities, and they need to make continuous 
assessments about whether or not they can trust on recommendations, advice etcetera that 
they get from their colleagues. It should be noted that just because an engineer knows of the 
practices and expertise of colleagues, this does not automatically mean that this knowledge is 
applicable and useful in every given situation. As mentioned earlier, people can be trusted in 
some situations but not in others. 

Trust-in-expertise is a highly social phenomenon, and it thus has to be established in the 
social interactions between people. So, just because an engineer is considered competent it 
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does not mean that this person’s advice or recommendations will be followed in each and 
every situation. The excerpts below are intended to show that even though you have 
‘located’ expertise (i.e. found a competent person to ask); you still have to make up your 
mind as to whether or not to trust this particular person in this particular situation. For every 
bias, there is also a bias discount [157]. 

Trust-in-Expertise – Excerpt #1:
“This guy is amazing. He’s not supposed to be on these meetings…I guess he does it because it 
doesn’t work. It’s his job to make sure that we are green everywhere. He’s responsible at the 
gate if we’re red somewhere…and he often knows the details better than anyone…” 

In this situation, the conversation is with an informant after a distributed review meeting in 
which a project manager was very active and basically ‘driving’ the meeting. As the excerpt 
tells, he is normally not supposed to be in these meetings since he is situated higher up in the 
project hierarchy. However, since it is his responsibility to ensure that deadlines and 
requirements are met, he needed to take on a more active role in this particular project. My 
informant told me that it is uncommon for managers at that level to participate in this kind of 
meetings, but he also expressed great appreciation for this particular manager because he 
“knows what he’s talking about”. In many other meetings of this kind that I attended, it seemed 
like participants quite easily found ways to convince the project leaders that they were on a 
‘promising path’ or that they ‘soon’ would have solved their problems. In this meeting, 
however, it was rather obvious that the project manager possessed the level of expertise that 
was required in order for the other participants to understand that he would not be easily 
misled by vague information. The team members knew that the manager was very 
experienced, and they took that into consideration when they tried to give answers to his 
many questions. 

The excerpt draws attention to how much trust-in-expertise depends on how much you 
know about a person’s background and experience. In Virtual Enterprise collaboration, this 
raises the question of how to find out enough about your collaborators to decide if they are 
competent and how to find out to what extent they and the information they provide can be 
trusted.

Trust-in-Expertise – Excerpt #2:
“What’s behind the green numbers?” 

This excerpt is taken from another of the meetings in which the above manager took part. 
Once again, the meeting concerned a review of the status of problems that needed to be 
solved in order to pass the stage gate. The engineers presented the progress since their last 
meeting, and they marked the status with numbers and figures of different colour (red, 
yellow, green) to symbolise how far from completion a certain action was. In this meeting, 
and others, it seemed like the co-located and the distributed group had a completely different 
perception of what those different status descriptions actually meant. One of my informants 
told me that “they always come up green, and we are red everywhere”, while also noting that “the
differences are not really that big, but we are probably more likely to ask for help when we have 
problems.” He said that it was a difference in ‘culture’ between them and the remote team in 
that the other team’s concept of ‘green status’ includes a description of the current problem 
and then a ‘roadmap’ that describes how to address the problem. His team reported red or 
yellow status in such situations, and waited with reporting green status until the problem had 
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actually been solved. As a consequence, he said, “management sees it as they present solutions, 
while we present problems.”

In this situation, however, the manager did not see it that way. While my informant’s team 
‘got away’ with several red status flags, the remote team got a lot of questions regarding their 
reasons for reporting green status. In short, even though the team formally reported that they 
had finished the tasks, the manager did not trust their evidence and documentation enough 
to take that information at ‘face value’.

Trust-in-Expertise – Excerpt #3:
“If we do this I know that we’re going to succeed…it will work without a hitch…if we don’t do 
this I can’t guarantee anything…what I’m saying to you right now is what I know will 
work…it might work in other ways if people bend backwards, but…” 

This excerpt comes from a meeting in which a review was made concerning the need for test 
objects (components and tools). Teams that are in need of test objects have to provide a brief 
description of what type of components or tools they need and why they need them, but 
they also have to provide a good motivation for the number of objects that they request and 
an assessment of the consequences of not being allowed to order these objects. 
Fundamentally, they have to provide the rationale for their decisions; the underlying needs 
that well describe why the test objects needs are what they are. It is a way of visualising the 
process, so that teams cannot just order objects without good reasons. In this particular 
situation, an engineer had not provided very much information in the documentation so the 
persons leading the review asked him to verbally describe the needs that apparently were 
missing in the documents. They gave him a chance to attach credibility to the needs briefly 
described in the written test object request, and by providing the above motivation he tried 
to argue for why they should ‘trust’ him with the requested test objects. 

In the end, trust-in-expertise also comes down to how much you actually know about 
people and their way of working. In teams with low social connectedness, it is not likely that 
such knowledge and trust will develop. 

The analysis of the fieldwork material highlighted what seemed to be two particularly 
important aspects of social capital relating to design collaboration in global settings. First, 
‘knowing who knows’ is central to any engineer regardless of location since many design 
problems and activities require contributions from someone with previous experience, or 
sometimes feedback from a person who was, for example, actually in charge of the latest 
update to a particular component or document. Second, ‘knowing who to trust’ is of great 
importance given the often unclear and vague nature of design problems, forcing designers to 
put great trust in a colleague’s opinion rather than provable facts. The ambiguity in 
requirements means that engineers need to trace what something means, and understanding 
what somebody means essentially involves asking people what they mean. 

The empirical material indicates that social capital (i.e. Know-Who) is an essential 
complement to intellectual capital (i.e. Know-How), in the sense that design is carried out in 
a social context where each individual designer needs to strive for a shared understanding 
with their colleagues to produce a successful design. 

The findings from the study clearly point to the potential for companies engaging in global 
collaboration to leverage from a collective social capital, which appears very difficult to build 
and maintain in the current mode of global collaboration. To globally sustain social capital, 
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relationships between collaborating designers must transcend the traditional location-based 
approach where local knowledge (e.g. traction problems on icy Swedish roads), at best, can 
be shared between co-located team members. In many situations today, local knowledge 
stays local, while much social capital potential is lost. Considering all the different car parts, 
components, and assemblies that need to meet functional specifications with respect to cost, 
time, and quality, it is easy to see that even a ‘lone genius’, should one exist in the company, 
would be hard-pressed considering all relevant aspects of the design without access to the 
opinions and experiences of colleagues. The concept of collective social capital as a resource 
for innovation seems like an appealing idea to any company that wants to excel in global 
collaboration by globalising local knowledge. 

Having identified the importance of social capital in global engineering design teams, it is 
also crucial to recognize the potential for improvement. Bearing in mind that most current 
technologies for distributed collaboration do not allow engineers to neither build nor use 
social capital as effortlessly as in co-located settings, it is absolutely critical to further explore 
research directions that will propose and evaluate technologies and workspaces that are better 
tuned to the concept of social capital in global teams. 

4.6 Social Spaces 

As the notion of the Virtual Enterprise is becoming a reality, the ways in which individuals 
and teams are working together in such organizations are quickly changing, as well as the 
needs for the spaces where they work. Different organisations have different facility strategies, 
with new strategies continuously evolving together with the development and deployment of 
new collaborative methods and technologies. Some design teams work in assigned project 
spaces, while others work in individual workspaces closely connected to team spaces. Some 
spaces are dedicated to certain activities, such as videoconferencing or large group meetings, 
while other spaces are open and flexible to support on-the-spot collaboration in just about 
any context. Some spaces have to be pre-booked, while others are used on a drop-in basis. 
Regardless of specific strategies, people generally adapt to the available setting and tools, 
therefore it is crucial to recognise that the design of collaborative workspaces can create 
barriers to true collaboration as well as promote and support collaborative behaviours and 
relationships.

Future workplaces, workspaces and work environments have been the subject of 
considerable interest in recent years. There has been a general move towards projects that do 
not merely attend to individual tools or technologies, but rather take a more inclusive view 
of collaborative workspaces. Such comprehensive initiatives include the Fraunhofer IPSI’s 
Roomware [162], Stanford University’s iRoom [163] and UNC-Chapel Hill’s Office of the 
Future [164]. At Luleå University of Technology, we are in the process of building a flexible 
studio space, suitable for research, design and education activities. 

The European IST programme in the 5th and 6th frameworks has contributed to a much 
wider conceptualisation of workspaces for collaboration. EU ‘roadmap’ projects, such as 
Future Workspaces [165], have been conducted to guide the future directions of the overall 
European research programme with respect to where and how work is carried out. The 
wider conceptualisation introduced within such roadmaps starts with a conceptual move 
from workspaces as merely the physical space where a person works to “…new forms of 
workspaces which support tighter integration with geographically dispersed business partners and virtual 
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interfaces, which allow efficient collaborative working and promote social interaction between remote team 
members.” [165] 

In keeping with this vision, it should be noted that while a three-dimensional space with a 
variety of spatial features will be designed, it will first and foremost be designed for the ‘life 
and work’ that will go on in the space. Hence, we agree with Harrison and Dourish’s [166]
distinction of space and place, where the former is a non-changing physical area, the latter a 
continuously changing environment based on how it is used. For example, a certain space 
can be used for many types of activities without any changes to its external structure.  

“An office might act, at different times, as a place for contemplation, meetings, intimate 
conversation and sleep. So a place may be more specific than a space. A space is always what it 
is, but a place is how it's used.” [166]

The word space has been chosen rather than place in this context, primarily because of our 
focus on designing a physical environment that promotes ‘place making’ and collaboration in 
both a physical (co-located) and virtual (distributed) setting. Thus, it is not merely a place 
being designed; it is the design of opportunities for people to make places within that 
physical environment [166]. This is also in line with Alexander’s [167] notion of a pattern 
language, which focuses on the pattern of events people experience in a certain environment. 
For example, the pattern ‘Flexible Office Space (#146)’ describes how to design a space that 
is “specifically tuned to the needs of people working, and yet capable of an infinite number of various 
arrangements and combinations within it.” [167, p.690] Rather than prescribing a specific layout, 
Alexander gives general design suggestions to help the designer understand the on-going 
activities in a particular space, and the tradeoffs the designer may have to consider.

Similarly, the transformation into workspaces of the future involves a greater understanding 
of how work is carried out in an increasingly globalised business environment and involves a 
greater attention to design as a highly social and collaborative practice [27].

The tighter integration envisioned within Future Workspaces and Office of the Future 
implies a closer connection between the physical and the virtual, the social and the technical, 
and the local and the remote. Bridging all these factors is a massive challenge that is driving 
the design of the new collaborative studio at Luleå University of Technology as well as our 
group’s overall research agenda to support collaborative work in global virtual enterprises.  

Figure 13 shows design sketches of some of the concepts that we intend to explore in our 
new studio. 
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Figure 13: Concept Design Sketches, Courtesy of Hans Walloschke, Arkitekthuset Monarken.

4.6.1 Social Connectedness 

Cohen and Prusak [73] recognise the need for “places to gather, to meet, to talk, to see and be 
seen” and further suggest that organisations would be wise to invest in both social space and 
social time if they want to build social capital. 

“Social capital consists of the stock of active connections among people: the trust, mutual 
understanding, and shared values and behaviors that bind the members of human networks and
communities and make cooperative action possible.” [73, p.4] 

Social interaction is critical in creating a shared understanding and a willingness and 
motivation to share information, knowledge, and expertise. However, distributed 
engineering design teams face a serious problem of ‘disconnectedness’, since their access to 
knowledge and expertise is highly impeded by the social, geographical and temporal
distribution of these resources [155].

The studio needs to promote interpersonal and social contact, in varying degrees of formality 
and spontaneity, as well as address the above challenge of achieving social connectedness 
across distance.

Below are a few examples of social interaction that needs to be supported. 

Opportunistic communication – Conversations anticipated by one party, but occurring by 
chance [127]. 

62
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Spontaneous communication – Conversations unanticipated by either party [127]. 

Presence and awareness – What is experienced through the informal, everyday 
interactions between people who work in the same physical space – a general sense of 
who is around and what they are doing [111]. 

Communal eating – Eating together is a way of deepening social bonds, with communal 
eating being one of Alexander’s living patterns [167, p.696]. As Nardi and Whittaker 
[168] note, “Eating and drinking together perhaps comprise the most fundamental way in 
which people come to feel connected.”

For a socialising purpose, we have created a Green Room (i.e. a theatre term for an off-stage 
area where actors ‘hang out’). With three permanent walls, this space (see Figure 13, number 
1) is less flexible than the team spaces, though the wall between the Green Room and the 
team spaces is modular to accommodate different types of technologies, such as back screen 
projection units. This space offers a cosy living-room feel with comfortable sofas and chairs 
and has a bar area equipped with distance-spanning technologies to enable communal eating 
and drinking with remote partners. Technology is hidden as much as possible to achieve a 
‘calm’ ambience, and display screens double as fish tanks, fireplaces or windows-to-the-world 
when not used for other purposes. One example of such technology is the electro-chromic 
glass (see Figure 13, number 5) used to achieve the ‘smart windows’ in the Green Room. By 
flicking a switch we can vary the transparency of the windows, allowing us to use the 
windows as large projection surface if the need should arise. 

4.6.2 Individual vs. Group Work 

In future workspaces, the problems of moving efficiently between individual and group work 
need to be addressed. We need to find ways to seamlessly and quickly transition from, for 
example, privately writing on a report for a management meeting to publicly annotating a 
presentation slide in collaboration with co-located or remote colleagues. Designers and 
learners need to sometimes break out as individuals or sub-groups, while still being aware of 
the happenings in a larger group context. Their active participation in a group session is 
sometimes needed, though still being able to attend to various individual work issues. Below 
are two examples of features that we would like to support in this regard. 

Privacy – Fundamentally, people should not have to leave the studio to receive some 
privacy. People must be provided with the appropriate level of privacy to work 
effectively and productively while not being isolated from the group, which involves 
dealing with acoustical, visual, territorial and informational privacy. 

Side conversations in distributed design – The opportunity to partake in private 
conversations within a public discussion is reserved only for people in the same 
physical location. Side conversations provide opportunities to explore vague ideas and 
alternative paths in a quick, informal and iterative manner [169]. The possibility to 
engage in group communication over long distances using simultaneous 
conversational floors is an interesting research challenge. 

A private communication area will enable side conversations in distributed collaboration (see 
Figure 13, number 9). Participants wanting to engage in a side conversation simply move to 
the side conversation area where they communicate without interrupting the others, while 
still overhearing the large meeting. To facilitate effortless moves between individual and 
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collaborative work, users will have the ability to create semi-private spaces via the use of 
storable, retractable privacy screens. Retractable room dividers able to be reconfigured into 
various convex and concave shapes to encourage different types of work offer another 
interesting concept. For example, the convex side would promote individual work by 
pushing people apart, while the concave side would promote collaborative work by bringing 
people together. 

4.6.3 Identity, Culture and Symbolism

It must be stated that this is not just another collaborative workspace; it is a physical 
manifestation of the culture of innovation that we promote. We believe in investing in 
productive workspaces that ‘celebrate’ teamwork. The identity is more than just a name and 
a logotype, which is why we have not yet decided on these details, but the identity the 
physical space reveals is more important, both in terms of what is visible at first sight and in 
terms of what users will experience on site. We want the space to communicate our view of 
collaboration as a central concept, and leave an immediate impression as a highly 
reconfigurable, renewable, changeable and flexible space that will allow its users (researchers, 
design teams, teachers and learners) to easily adapt it to their needs. Taking the notion of a 
space for social connectedness as an example, it is not about allocating social interaction to 
one single space – rather it is a way of making a statement, a way of signalling that social 
connectedness is so vital to successful collaboration, we have even created a symbolic space 
where new concepts of socialisation can be explored. 

“…companies that want to break away from the pack can take a big step toward doing so by 
thinking of their physical environment as not only a place where works get done, but also a place 
that sends a message.” [170]

The design process has largely been inspired by the guiding design principle – “build the best 
socket we can afford” [171] – offered by Professor Larry Leifer for the development of the 
Wallenberg Hall at Stanford University. He responded to the need of developing an 
infrastructure capable of supporting whatever technology develops over the lifetime of the 
building, i.e. we have never intended to create a ‘final’ solution to the features and modes 
described in previous sections.  

In a distributed meeting, culture and identity are even more central; therefore, clearly 
visualising the identity of a remote space can further enhance the collaborative feeling of 
being a distributed team. A backdrop of a local landmark enhances the feeling of 
collaborating with people in one specific place and not just with people in an anonymous 
studio located in the next building. By changing the identity in both remote collaborative 
spaces to the same theme, an extended room can be created where the local space ‘reaches 
out’ into the remote studio and promotes a feeling of working together as one team in the 
same room. The aim has also been to reflect elements of the culture of northern Sweden 
(northern lights, midsummer night sun, ice, snow etc.), while the environment associates 
visitors and users to the future of work instead of how they work today or have worked in 
the past. The studio will be physical proof of our research group’s intention to continually 
improve the opportunities for successful collaboration in global design teams. It is also 
evidence of our outlook on collaborative design as a highly complex process, including a 
multitude of social, technical, and cultural activities that we as researchers need to closely 
observe for a better understanding. Further, the studio embodies our belief that students must 
experience distributed collaboration first-hand to excel at it, with versatility being a key 
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aspect of such modern design collaboration. Industry team workspaces are used by many 
different groups of users, with different demands and work methods; hence, the ability to 
quickly adapt a workspace to the situation is critical to the performance of the team. Rapid 
transitions between co-located and distributed work, individual and group work, and 
listening and acting require that the supporting tools and technologies as well as the 
surrounding physical environment offer the capability to support creative teamwork without 
disruption. Our intention has been to create a rapid-response environment, where we can 
evaluate the significance of issues raised through ethnographic observations of engineering 
work and then offer solutions to these relevant issues. The new studio can thus be seen as a 
reification of our iterative research approach, where the basic methodological argument is as 
follows:

1. Scoping ethnography [20] is carried out to identify issues that appear to be relevant to 
the design of collaborative environments, methods and technologies. 

2. The actual significance of these issues is evaluated in the studio, which acts as a test-
bed for both ‘real-world’ development projects and Scenario-Based Design [172]
activities.

3. Proposed solutions to significant issues are rapidly implemented, after which the 
research cycle is iterated in a continuous process of scoping, evaluation and 
implementation.

4.7 Chapter Summary 

Although it can indeed be of a very technical nature, work can also be socially mediated 
through a direct or indirect relation to other people in the design process, whose work you 
depend on, or who may, in turn, depend on your work. The ambiguity in requirements and 
‘wickedness’ of many design problems means that engineers often need to trace what 
something means, and understanding what somebody means essentially involves asking 
people what they mean. ‘Knowing how’ to do something and ‘knowing who knows’ 
depends heavily on social interaction between people, which in the era of Virtual Enterprises 
poses a serious challenge since the ease of connecting to and asking other people depends on 
the social, geographical and temporal distribution of knowledge. Remote members seem to 
have a lot more trouble engaging in everyday informal communication with their dispersed 
colleagues, and there is a clear need for effortless and elegant communication, where people 
can interact with each other quickly and easily, without a lot of formal or technical setup. 
Social connectedness in global design teams is essentially about Know-Who Engineering – 
enabling designers to ‘know who knows’, ‘know who to ask’, and ‘know who to trust’, 
regardless of where in the world their colleagues may be located. Further, the findings 
suggest that the essence of true collaboration is that team members are actually engaging in 
social sensemaking (i.e. ‘thinking together’) rather than only exchanging information, 
opinions and ‘hard facts’. The design of collaborative workspaces can create barriers to true 
collaboration as well as promote and support collaborative behaviours and relationships. 
Organisations need invest in both social space and social time if they want to build social 
connectedness and know-who, and our new team space at Luleå University of Technology is 
built to communicate our view of teamwork as a central aspect of product development, and 
it should send the message that social connectedness is so vital to successful collaboration that 
we have even created a symbolic space where new concepts of ‘virtual socialising’ can be 
explored.
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5 Summary of Papers 

5.1 Paper A 

This paper presents a method, or tool, that enables distribution of multibody dynamic 
analysis models. The aim was to improve product development by introducing multibody 
dynamic simulation earlier and in more phases of the development process. In order to build 
a tool that supports engineering analysis, design decisions need to be anchored in an 
understanding of the work activities of the users. The paper builds on a study of mechanical 
engineers working with dynamic analysis, and the findings suggest that performing dynamic 
analysis is not solely a technical exchange of information between human and computer. 
Dynamic analysis is largely about creating meaning; going from internal and external models 
to a virtual representation of the product being developed. In a distributed system, the user’s 
ability to create meaning is dependent on the ability to make use of the knowledge and 
expertise that the simulation expert possesses. For this purpose, the concept of design 
rationale was applied. The proposed web based simulation environment, applied to vehicle 
system dynamics, consists of the simulation packages ADAMS and MATLAB, and also 
incorporates database technology. The possibility to distribute simulation models and results, 
from analysis engineers to design engineers (i.e. simulation-driven design by designers), was 
created.

The primary reason for including the paper in this thesis is that the research project gave me 
my first experience of the socio-technical gap in the context of engineering design - 
something which sparked the interest in collaborative design that I enjoy today. The paper 
points to aspects of socially mediated engineering, meaning that a design engineer’s work is 
highly dependent on the work of the analysis engineer. Finding the person ‘behind’ a model, 
getting to know more about this person’s rationale, and being able to ask for advice when 
needed are just the kind of Know-Who properties that could support simulation-driven 
design by designers, particularly in geographically distributed teams.  

5.2 Paper B 

The work in this paper addresses the importance of informal communication, such as 
opportunistic and spontaneous interaction, within the Distributed Team Innovation project, 
a joint product development effort between Luleå University of Technology, Stanford 
University and Volvo Car Corporation. The paper presents how informal communication 
was supported through a web-based Contact Portal. The findings from the study show that 
the Contact Portal was a useful resource in the project, primarily because it combined several 
information channels; e-mail archives, awareness cameras, diaries, instant messaging, and 
SMS etcetera in one place. The Contact Portal was a natural starting point for initiating and 
maintaining contact with remote team members. Since the nine-hour time difference made 
formal meetings (telephone- and videoconference) difficult to maintain, the opportunistic 
interactions have proved crucial to the information sharing and building of a shared 
understanding. 

In relation to the thesis, this paper indicates that engaging in informal communication is far 
more difficult in distributed teams than in co-located teams. Since such informal 
communication is crucial for creating and maintaining social connectedness between team 
members, there is a clear need for effortless, seamless, and ‘lightweight’ interaction between 
remote team members.
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5.3 Paper C 
This paper concerns interpersonal communication within the Distributed Team Innovation 
project. In this paper, we describe the way in which one-on-one conversations, held in 
parallel to a main discussion, were common in co-located teamwork and that they seem to 
be a natural and important part of creative teamwork. The conversations were used to clarify 
things and to discuss vague ideas or personal disagreements. Also, they were often used 
instead of, or as a precursor to, bringing up a topic with the whole group. In distributed 
meetings, however, side conversations were often discouraged and current systems for 
distributed collaboration could not properly support these subtle interactions.  

With respect to its inclusion in this thesis, the paper offers a more detailed view on informal 
communication, compared to paper B, and it shows that cross-site conversations are not 
socially natural in most cases and that this could be one of the reasons that distributed team 
communication often is characterised by formality and rigidity. When thinking about 
creating cohesive and socially connected virtual teams out of distributed sub-teams it is 
crucial to better support fluent one-to-one communication in the context of group 
communication.

5.4 Paper D 

Also based on the study of the Distributed Team Innovation project, this paper confirms 
previous findings that highlight the importance of viewing design as a social activity. The 
paper indicates that ‘hi-fidelity’ audio and video across continents is not enough to support 
the multitude of social interactions that global engineering design teams need to engage in. 
When trying to make sense of ‘Virtual Pedals’ in co-located sessions, the team members 
made use of just about anything that could help them to communicate their ideas. If verbal 
language was not enough, they used body language, chairs, sketches, and other physical props 
to visualise and describe what they wanted to ‘say’. In this negotiation of meaning, they also 
told stories and used context-bound (i.e. indexical) representations to ‘think together’. 

The paper is specifically related to the thesis in that it highlights the interactional and 
collaborative character of sense making – meaning that shared understanding is created 
through the moment-by-moment interactions between team members. In essence, the 
observations of co-located work are pointing to activities where the team is truly ‘thinking 
together’ rather than just exchanging or integrating information and opinions. Doing the 
same thing on distance would require that distributed teams are given better opportunities for 
multi-modal and informal communication. 

5.5 Paper E 

This paper presents the Distributed Team Innovation framework, which has the overall aim 
to decrease the negative impact of geographic distance on product development efforts and 
to further enhance current advantages of worldwide, multidisciplinary collaboration. The 
DTI framework uses a three-layered approach, with product development, education and 
research in dynamic and synergetic interaction. In order to forcefully deal with any issue of 
globalisation in product development, we first have to increase our understanding of what 
global product development really is about – global product development calls for global 
paradigm in research and education. If we, as design researchers, want to learn more about 
global product development, we need to closely study global development projects. If we, as 
educators, want our students to gain experience of global design collaboration, we must give 
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them the possibility to work extensively in such projects. The issues of global product 
development were investigated using the context of a real-world product development 
project with Volvo Car Corporation and Volvo Aero Corporation as sponsors. As objects for 
the research were two teams of students; one team of four students from the ME310 course 
at Stanford, and one team of four students from the Sirius course at Luleå. Using the latest 
technology and methods for communication over large distances, participating teams 
experienced global design collaboration, supported by professional coaches, corporate liaisons 
and faculty advisors. 

In relation to the thesis, this paper underlines that there are a lot more barriers to successful 
global product development than just physical distance, and that global educational projects 
with corporate partners offers a suitable way to rapidly try out new research findings in (close 
to) real-world settings. The findings suggest that there is a need for distributed social activities 
that can replace the need for travel. Thus, such projects could be used as a research platform 
to challenge the current wisdom that ‘trust needs touch’.  

5.6 Paper F 

A total of four weeks of ethnomethodologically informed ethnography was carried out at 
two different engineering departments of a major Swedish automotive company. Using 
traditional ethnographic methods, such as observation, contextual inquiry, and videotaping, 
the study revealed how engineers mobilize their social capital in a wide range of collaborative 
work activities, more or less formal, while away from their desk. Both co-located and 
distributed activities were observed, ranging from brief hall-way encounters to multi-site 
conference calls in large meeting rooms equipped with projectors, whiteboards, and 
computers. The analysis of the fieldwork material highlighted what seemed to be two 
particularly important aspects of social capital relating to design collaboration in global 
settings. First, ‘knowing who knows’ is central to any engineer regardless of location since 
many design problems and activities require contributions from someone with previous 
experience, or sometimes feedback from a person who was, for example, actually in charge 
of the latest update to a particular component or document. Second, ‘knowing who to trust’ 
is of great importance given the often unclear and vague nature of design problems, forcing 
designers to put great trust in a colleague’s opinion rather than provable facts. The ambiguity 
in requirements means that engineers need to trace what something means, and 
understanding what somebody means essentially involves asking people what they mean. 

The paper is in many ways what finally led me to the theme of this PhD thesis. The 
empirical material indicates that social capital (i.e. Know-Who) is an essential complement to 
intellectual capital (i.e. Know-How), in the sense that design is carried out in a social context 
where each individual designer needs to strive for a shared understanding with their 
colleagues to produce a successful design. After doing the analysis and write-up for this paper, 
the concepts of Know-Who and social connectedness stood out as suitable ‘illuminating 
concepts’ to frame the overall research contribution. 

5.7 Paper G 

This paper describes the rationale behind the design of the newest addition to a range of 
collaborative studios at the Polhem Laboratory, Luleå University of Technology. The new, 
yet to be named, collaborative studio is envisioned as a space flexible enough to 
accommodate a wide range of co-located and distributed collaborative scenarios, while being 
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rigid enough to also allow for realistic, everyday design-in-action and effortless research 
observation of those activities. As such, the new studio will be mainly created to meet three 
central challenges in the further advancement of collaborative engineering design.

The problem of design researchers to study design collaboration in realistic settings 
and situations. 

The practical difficulty of letting design students experience distributed collaboration. 

The challenge of rapidly implementing and evaluating new technologies, tools, and 
workspace concepts. 

The collaborative workspace described in this paper responds to the increasing demands 
globalisation has placed on design teams working in industry by offering an environment for 
research, education, and practice. Here, design activities can be monitored and observed by 
researchers, and the technological and physical setup of the studio can be rapidly re-arranged 
to fit the needs of the workspace users. The studio provides an opportunity to observe both 
co-located and distributed design teams in action, and to automatically collect data on the use 
of the workspaces. The possibility to simulate geographic distribution in an ‘extended room’ 
fashion is likely to greatly impact engineering education, since it allows for design students to 
experience at least some of the opportunities and challenges of working in a distributed team. 
The versatility of the studio allows for endless possibilities to rapidly implement and evaluate 
emerging technologies, tools, and workspace concepts. 

This paper has been included in the thesis to show that my research has not been all about 
observing design team activity and pointing out current limitations of distance-spanning 
technology. It shows that the research that I have performed during these years has also 
contributed to the design of a workspace in which social connectedness and Know-Who are 
central aspects.   

5.8 Division of Work between Authors 
In reality, this piece of work is evidence that, like design, writing a PhD thesis is a highly 
social process. When looking at the list of appended and related papers, I have worked 
together with no less than thirteen co-authors during these years, and those names only 
include people that have made a direct contribution in the form of writing or supervision. 
However, in addition to my personal contributions as described in previous chapters, I 
would also like to briefly point out my direct contribution to the appended papers. 

Paper A:
Starting from Tobias Larsson’s idea, I performed the fieldwork and analysis that informed 
the design of the web-based simulation tool. I was also responsible for the parts of the web 
implementation that did not concern dynamic analysis software. The paper was jointly 
written with Tobias Larsson, with editorial guidance from Lennart Karlsson. 

Paper B: 
The idea for this paper continuously grew out of the fieldwork jointly performed and 
analysed by myself and Peter Törlind. I am responsible for implementing the majority of 
these ideas into the web-based Contact Portal. We wrote the paper in close collaboration. 
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Paper C: 
I am responsible for the paper idea, and I also performed a major part of the analysis. I 
wrote a significant part of the paper together with Peter Törlind, with valuable input and 
‘sanity checks’ provided by Ade Mabogunje and Andrew Milne. 

Paper D: 
The fieldwork for this paper was carried out in close collaboration with Peter Törlind. 
However, I did the detailed analysis of the fieldwork material and the write-up on my 
own.

Paper E: 
All co-authors have contributed with ideas to form the general framework for Distributed 
Team Innovation, but I am responsible for most of the write-up.

Paper F: 
I performed the fieldwork, came up with the idea for the paper, and wrote the paper on 
my own. However, Dave Randall (Manchester Metropolitan University) and Liz Carver 
(BAE Systems) have contributed to the analysis. 

Paper G: 
The preliminary design concepts described in the paper, and the general idea of a versatile 
workspace, should be credited to all co-authors. I wrote most of the paper, with 
substantial input from Peter Törlind. 
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6 Conclusions and Future Work 

This thesis addresses the need for product development organisations to become more 
effective in globally distributed collaboration. Agile product development, exemplified with 
Virtual Enterprises and Functional Products, requires resources that are not easily found 
within a single company, so sharing resources, technologies and risks among companies is 
necessary to a larger extent than before. While this organisational flexibility allows an 
enterprise to quickly establish those relationships that are needed to address customer needs, 
it also increases the organisational complexity and the demands on cross-functional, cross-
business, cross-cultural and cross-continental (i.e. cross-X) collaboration. 

Crossing these ‘barriers’ involves much more than distance-spanning communication; it also 
involves the larger social and cultural contexts of work. In the context of engineering, this 
problem is particularly acute. One of the major benefits of concurrency ought to be 
considerable time, and therefore cost, saving. Nevertheless, the results contained in this thesis 
suggest that these benefits are not so easily achieved.

If the benefits of co-location are to be successfully combined with the benefits of 
globalisation, we need to admit that replicating face-to-face communication by means of 
videoconferencing and other ‘media-rich’ applications is not a universal remedy. The context 
of work and the work itself is by no means limited to the time spent in meetings, yet there 
still exists an over-reliance on the effectiveness of meetings – i.e. how well teams make use of 
the scheduled time slots in which they meet, exchange information, and make decisions. I 
have been to many effective meetings, and I have been to far more ineffective ones, so I 
welcome research in the domain of meeting effectiveness. However, in light of global 
product development teams, much of the work that happens in between meetings and the 
work that is carried out through informal channels remains out of reach for remote team 
members.

This thesis is based on the following assumptions: 

1. Problems of distributed collaborative engineering will not be solved simply by 
providing distance technologies to replace face-to-face meetings. 

2. Engineering work, like all work, is a serious matter. Engineers have a job to do, and 
are expected to do it effectively. The task is not to describe engineering to engineers 
(for they already know how to do their work), but to people who might want to 
support their work. 

3. Concepts such as Community of Practice, Social Capital, and Social Networks, while they 
may be rather abstract categories, serve to orient designers (who may not be familiar 
with broadly sociological matters) to a more specific set of issues, which can be 
thought of in that way. In engineering, these issues have to do with ‘ready-to-hand 
expertise’, available in timely, as needed, ways. There is no assumption here, that face-
to-face interaction in engineering work is necessarily effective. The assumption, 
rather, is that where its effectiveness can be demonstrated, we can identify how and 
why that is. 
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4. This ‘ready-to-handness’ depends on a variety of social and cultural matters, such as 
who do you know?, what do they know?, and so on. Eventually, I have come to 
conceptualise these issues in the following categories:  

a. Knowledge-of-Practices 

b. Knowledge-of-Expertise 

c. Trust-in-Expertise

Observations have shown that engineers very often turn to a person for information rather 
than to a database or a file cabinet, and people seem to rely heavily on colleagues that they 
know and trust. The following quote highlights the importance of locating, and being able to 
trust, people that have the needed information.

“The goal is not only to provide access to information, but to provide access to people who have the 
information …. I don’t want raw data, I don’t even want information, I want the judgments of 
people I trust.” [173]

The increasing globalisation and the arrival of Virtual Enterprise and Functional Product 
approaches leaves engineers in a situation where they are working with more people and in 
more constellations than ever before, but with very limited knowledge of who they are 
actually working with, what their collaborators know, and to what extent they can be trusted.
Currently, engineers often have a flawed perception of their distant partners and the work 
they do, which could be a consequence of having a too strong focus on the process, the 
project, and the product, while forgetting that they are supposed to negotiate a shared 
understanding of these concepts with other people. I do not suggest focusing only on people, 
but I do suggest that it is crucial to assign a higher priority to issues of social connectedness in 
globally distributed teams.  

This thesis builds on a view of engineering design as a social activity and the research has been 
aimed at better understanding, through ethnographic studies of co-located and distributed 
design teams, how collaborative engineering design plays out in practice. The work includes 
the expectation that a deeper understanding of design collaboration will contribute to the 
design of new collaborative technologies and environments that are better suited to the needs 
of global design teams. 

The findings from the fieldwork indicate that design is very much influenced by the casual 
interactions and discussions that occur throughout everyday work, and that even ‘technical’ 
work is socially mediated through a direct or indirect relation to other people in the design 
process; people whose work you depend on, or who may, in turn, depend on your work. 
Furthermore, the ambiguity in requirements and the inherent ‘wickedness’ of many design 
problems means that engineers often need to trace what something means, which in turn 
essentially involves asking people what they mean.  

When I have talked to engineers in industry, many of them have said that they often feel like 
they are not ‘following procedure’ and that they probably ‘should’ do things some other way 
to do it ‘correctly’. From my perspective, it seems like there is a prevailing image of what 
engineering work is and what it is not. When talking about ideal and manifest behaviour [22] 
in engineering, the former seems to take no or little notice of the social aspects of work, 
while the latter (as observed in my fieldwork) is heavily dependent on the social relationships 
between engineers. My firm opinion is that both these perspectives are needed. Information, 
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‘hard facts’, plans and procedures are essential elements of engineering practice, but they 
could be further enriched and increasingly powerful if organisations gave more attention to 
the social relations that help engineers create a shared understanding of such, essentially 
context-free, information. 

Social connectedness is thus not about ‘having fun’, ‘hanging out’ or ‘making friends’; it is 
essentially about getting to know each other for the purpose of doing engineering work better. You 
basically learn about people and the work that they do, which sets a context for your own 
work. Engineering Know-Who enables designers to ‘know who knows’, ‘know who to ask’, 
and ‘know who to trust’, regardless of where in the world their colleagues may be located. 

However, the ease of connecting to and asking other people depends on the social, 
geographical and temporal distribution of knowledge, and remote members currently have a 
lot more trouble engaging in everyday informal communication with their dispersed 
colleagues. The informality of the local workplace has simply not yet made its way into the 
distributed workplace of global engineering design teams, and there is a clear need for 
effortless communication, meaning that people can interact with each other quickly and 
easily, without a lot of formal or technical setup. Today, groupware and workspaces for 
collaborative work might be functional from a technical viewpoint, but is mostly far from 
being seamless. Some at least of the problems we have discussed have to do with the 
imposition of an overhead on already demanding work.   

The design of collaborative workspaces (both physical and virtual) can create barriers to true 
collaboration as well as promote and support collaborative behaviours and relationships. To 
reach the goal of virtual co-location, I believe that it is crucial that organisations invest in 
both social space and social time to foster social connectedness and the development of 
know-who. 

From an academic perspective, the key contribution of this thesis is the identification of Know-
Who as an analytic concept, which is relevant to engineering practice, and which offers an 
increased understanding of a severely under-researched area of engineering design activity. 
The fieldwork material presented in this thesis underscores the importance of social 
interaction in design teams, and it indicates that the development of ‘socially natural’ and 
‘effortless’ groupware and workspaces is particularly relevant in an engineering context – 
considering the wicked nature of design problems and the escalating globalisation of product 
development activities. To refer again to Checkland’s [91] work, socio-technical, or ‘soft’, 
systems thinking requires us to escape from the engineering paradigm. Checkland describes 
this as having to do with a ‘problem-solution’ mentality. He argues, instead, that 
understanding the problem is a vital precursor to providing solutions. I have substantially taken 
this view.

From an industrial perspective, the key contribution of this thesis is an increased understanding 
of the value of social connectedness in global design teams. By expanding on a relatively small body 
of research on engineering design teams, this thesis provides useful insights into some of the 
social processes that, in essence, ‘make teams work’. As such, the research findings feed into 
product development organisations that want their teams to perform better across distance, as 
well as into organisations that develop methods and technologies for the support of global 
engineering design teams. 
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6.1 Topics for Future Research 

This thesis has focused on observations of social processes in engineering design, and the 
fieldwork material with accompanying discussions have already highlighted several ‘socio-
technical gaps’ that would be worthwhile addressing in future research projects. None of 
these research problems are trivial, however, and I would argue that most of these problems 
are still too poorly understood. Although the body of research on social aspects of 
engineering design collaboration is slowly growing, there is still an immense amount of 
research to be done in order to better understand how socially natural technology should be 
designed. The area of CSCW addresses this challenge, but to make this research more 
relevant in an engineering context, I believe that it is critical to more closely connect CSCW 
with ‘Engineering Design’ and ‘Design Research’ communities. 

Below I have listed five topics for future research that I believe have great potential to 
positively influence the ways in which global design teams collaborate. In what is a very vast 
research domain, I have chosen to focus on potential research issues that are of particular 
relevance to aspects of social connectedness and know-who.  

6.1.1 Effortless Communication 

Enabling people to quickly and easily make contact and interact with each other is a key 
challenge that, in a way, summarises what socially natural technology is about. Although we 
learn more about how people communicate, and how the communication needs change 
with globalisation, it is not simply a matter of deploying available technology and hoping for 
social connectedness to appear. Usability and interaction design issues are often neglected (or 
at least down-prioritised), and there is a tendency to see usability tests mainly as downstream 
activities. A more holistic perspective would be appreciated, and I believe that the new 
‘Collaborative Working Environments’ initiative at Luleå University of Technology provide 
research possibilities for creating cross-disciplinary projects that approach collaborative 
environments from human, social, cultural and technical viewpoints.

6.1.2 Virtual Team Facilitation and Strategy 

While my own research project has centred mainly on the self-organised activities of teams, I 
am continuously intrigued by new methods concerning facilitation and moderation to help 
virtual teams perform better. Even if we do, in fact, come up with something that resembles 
socially natural collaborative environments, it does not automatically mean that effective 
collaboration will occur. Just as communication in co-located teams often will break down, 
so will communication in virtual teams – regardless of available technology. With product 
development teams becoming increasingly cross-functional and cross-cultural, it is interesting 
to deeply consider the ways in which both technology and people can serve facilitating or 
moderating roles. This view includes how to promote people to become knowledge brokers 
and connectors, thus providing the ‘social lubrication’ needed to work effectively in global 
teams. Together with Stanford University, the Royal Institute of Technology, and Chalmers 
University of Technology, we are currently exploring the role of ‘culture coaches’ that can 
provide cultural guidance and expertise to help global design teams bond effectively, 
especially early in the project. Related to this is also the issue of strategies for virtual teams, 
particularly what types of communication medium that is best suited for particular 
collaborative activities – something which has been initially explored by RAND Corporation 
[174].
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6.1.3 Virtual Socialising 

I consider socialising to be a key element of successful design teams in which team members 
trust each other and feel a certain bond between each other. Incidentally, I do not see 
socialising as an off-work activity; I see it as a central activity which is continually occurring 
throughout the workday. How can we get teams to care about and take interest in the work 
of their distance partners and to trust in what they have to contribute? Trust in distributed 
teams is very much based on the knowledge that persons have of each other, the work they 
do, and the work they have done in the past, so achieving a greater sense of social 
connectedness is crucial to the establishment. Work in this area has just recently been 
initiated together with Stanford University, the Royal Institute of Technology and Chalmers 
University of Technology. Experiments on the value of communal eating and ‘virtual 
socialising with a purpose’ have also started together with Liz Carver at BAE Systems. The 
new studio space at Luleå University of Technology offers excellent opportunities to explore 
this area further. 

6.1.4 Social Context of Information 

If we see knowledge as a ‘process’ rather than simply formalised ‘content’, it is important to 
attach social context to information – thus enabling people to make sense of that information 
and, essentially, make use of the codified knowledge. Storing and codifying knowledge is 
difficult, but if it is possible to put information in a context that fits your own work it seems 
plausible that knowledge (or at least parts of it) can be accessed by people from all over the 
world, with or without a personal relationship with the person who provided the 
information in the first place. Fundamentally, it is worthwhile to further research the 
common problem of knowledge leaving a company when employees leave. Furthermore, 
socially contextual information could be useful considering that different people in a project 
might view and use the same information in different ways depending on their respective 
needs and knowledge.

6.1.5 Scenario-Based Design of Team Spaces 

While ethnography can be used to identify issues that appear to be relevant to the design of 
collaborative environments, methods and technologies, there is a need to evaluate the actual 
significance of these issues. Our new studio space at Luleå University of Technology will 
allow us to perform evaluations of collaborative scenarios, propose solutions – all this in a 
rapid-response environment. Future work includes providing workspace designers, architects 
and space planners in academic and commercial settings with tools and methods that will 
allow them to rapidly evaluate the impact of new investments, and to evaluate how well 
particular spaces fit with particular collaborative work activities. Work in this area has 
recently begun in collaboration with Stanford University, Stockholm Institute of Education 
and the Royal Institute of Technology. 
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7 Reflections on the Research Process 

The following interview was carried out by me, with myself, on Friday the 13th of May 
2005.

Why did you embark on this project? 

I was in Luleå presenting my Master Thesis in June 2000, and in the discussions that 
followed, Professor Karlsson indicated that my background and interests might fit well with 
their developing research area in Distributed Engineering. I didn’t know much about what it 
meant being a PhD student at that time, but I had always said that I didn’t want to become 
one. However, when faced with the opportunity, I decided to go for it. After all, my 
university education was all about preparing me to work in cross-disciplinary teams, filling a 
mediating role between end-users and software developers. Basically, this project was spot-
on.

Was there a specific reason for focusing on social aspects? 

We initially called it socio-technical aspects, because it was broadly addressing Ackerman’s 
socio-technical gap. I have been dubbed the ‘socio guy’ ever since, and I think the word 
social is maybe a too value-laden word, at least in a community of engineers. The purpose 
has always been to support engineering design teams in doing their work better, and I think 
that I have not always communicated that clearly enough. It’s not like I see a really big 
separation between social and technical aspects, it’s more a way of making a statement that I 
am more concerned with the interaction between humans, using technology support, than 
with the interaction between technical systems. In a sense, I have represented the top layer in 
a three-layered cake, where the other two layers are dealing with sharing of data between 
technical systems, and the development of infrastructures for collaboration. With my 
background, it was only natural to approach issues that I’ve picked up from the domains of 
CSCW and HCI and to relate those to an engineering context. 

What are your comments on doing a cross-disciplinary project? 

Oh, I understand why some people hesitate to go into such projects. In the beginning I 
responded quite naively to comments on my work. From previous studies, I had come to a 
point where I believed that the user-centred way is the way, and that it was my job to make 
sure that my new colleagues understood this. I didn’t see the different layers that were 
needed to make this cake; I only saw the top layer, the frosting, what I thought was the good 
stuff. Luckily, my colleagues were very open-minded, and with time my own understanding 
of the complexity of engineering work has deepened. 

OK, you’ve observed some problems. The question is: so what? 

Ouch! I knew this question was going to come. This has been a constant source of 
frustration for me, much because I have been torn between two very different worlds, 
academia and industry, but also between fundamentally different disciplines, human work 
science and engineering design. I am confident that my work has expanded substantially on 
the understanding of the role of social activities in design team collaboration. This 
understanding is crucial if we ever want to develop useful technology support. However, at 
the same time as academia is screaming for more studies and observations, it seems like 
people out in industry are starving for new tools and methods. That’s where the so what
question is relevant. At this point, I can talk for hours about the value of creating and 
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maintaining know-who, but when it comes to bringing this out in industry, I can only 
contribute to the awareness of these issues. That is no small thing in itself, but it is essentially 
an intervention that relies too much on word-of-mouth. The new studio space that we’re 
building is going to be instrumental in our future work with more hands-on methods and 
technologies. But fundamentally: I did the research, I think it stands, and in the end it’s not 
up to me to decide if or how to implement solutions to these problems. This is beyond my 
control; I simply can’t make decisions on behalf of engineering organisations or engineers.

If given the chance to do it all over again, what would you do differently? 

Well, the whole beauty of the PhD project is that you have a couple of years to develop 
your thinking and your approaches. In hindsight, there are lots of things that I could have 
done differently. I did not necessarily do these things the wrong way; it was just that I was in 
that stage of the process, with that level of knowledge, which led me to believe that my 
choices were reasonable ones to make. It’s difficult to make decisions based on information 
that you don’t have, so I had to work with what I got. For me, the learning curve is most 
important. Of course, this document is the final written result of years of work, but it would 
be worth little without the process behind it. 

Finally, what are the weaknesses of your work that you don’t want anyone to 
notice?

Clever question. I would like to quote author Maya Angelou: “Uh, oh, they’re going to find out 
now. I’ve run a game on everybody and they’re going to find me out.” I think this is one of the 
major fears of working with cross-disciplinary research. Some days I fear that some sociology 
professor is going to hassle me about my seemingly limited understanding of social aspects, 
and other days I fear that design practitioners are going to harass me for my poor perception 
of what their technical work involves. Weakness or not, I do think that I lack some depth at 
both ends of the socio-technical spectrum.
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ABSTRACT
A method that supports distribution of multibody dynamic 

analysis is proposed and developed. Ethnographic methods are 

used as a means for gaining a deeper understanding of the 

engineering analysis work practice, and the findings form the 

base for a cooperative design of the system. The concept of 

design rationale is applied in order to deal with current 

problems of engineering analysis, such as irrelevant input and 

output, as well as satisfying the need for useful, real-time 

feedback. The web based simulation environment, applied to 

vehicle system dynamics, contains the simulation packages 

ADAMS and MATLAB and incorporates database technology. 

The possibility to distribute simulation models and results, 

from simulation experts to design experts and engineers, as 

well as subcontractors, is created. The proposed method 

requires changes in the existing multibody dynamic simulation 

methodology regarding aspects of incorporation in product 

development theories. 

INTRODUCTION
The challenge for industry today is to arrive at a product 

design that has been systematically optimised according to 

customer needs. Products must hit the market faster, more 

often, at lower development costs, while still meeting demands 

on quality and performance [1,2]. Consequently, specialised 

disciplines have to be integrated in a simultaneous, or 

concurrent, engineering process where all the relevant 

activities, such as design, analysis, testing, and manufacturing 

are involved and coupled at an early stage of the development 

process [3,4]. 

Simulation techniques of mechanical dynamic systems 

have a large potential in product development but are only 

partly used today [5]. This is due to problems like modelling 

complexity, software immaturity and user inexperience. Even 

though computer-based tools for modelling and simulation 

have rapidly changed the best practice of product development, 

simulation of multibody dynamics is far from a product 

development support used throughout the whole company 

today. In order to make it possible for a design engineer, and 

mailto:Larsson@cad.luth.se
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not only for a specialist in dynamics, to use simulation methods 

for development of dynamic systems, the complexity of the 

methodology for using them must be reduced.  

The last decade’s rapid development within Internet and 

network technology, where almost any computer can be linked 

to the Internet, has created new dimensions in terms of product 

development. Successful companies will get the right 

information and tools to the right person at the right time, 

regardless of where the person is located [6]. The idea of 

sharing computer-aided design services in a computer-network 

oriented design environment has been addressed by several 

researchers during the past couple of years [6-11].  

With its foundation in empirical findings, forming the 

problem definition, a method, or tool, that supports web based 

engineering analysis is proposed and developed in this work. 

The aim is to improve product development by using multibody 

dynamic simulation (MBS) earlier and in more phases of the 

product development process (PDP). An infrastructure is 

developed and a prototype system within vehicle system 

dynamics is implemented to illustrate a framework that 

provides dynamic analysis services over the Internet. 

DESIGNING FOR USABILITY 
In order to build a tool that truly supports engineering 

analysis, i.e. designing for usability, design decisions need to 

be anchored in the real work activities of the users – not in 

rigid, written specifications based on preconceived notions 

about the actual work activity. System developers, in general, 

try to understand the work of users by applying their own 

concepts of efficiency, reliability, usability and so forth, to an 

imagined work practice, which they have little or no knowledge 

about [7]. Since users and developers do not share a common 

practice, or a common language, a communication breakdown 

is likely to occur somewhere along the line, usually ending up 

with the users having to adapt to the system instead of the other 

way around. 

Empirical work 

Qualitative research methods [8], such as participatory 

observation, written field notes and informal conversations 

have been used as a means for gaining a deeper understanding 

of the engineering analysis work practice that the tool is 

supposed to support. The subjects in our study are mechanical 

engineers with differing skills and experience within the field 

of dynamic analysis. The overall aim of the study was to find 

out how engineers really work with tools for dynamic analysis, 

and how the computer tools that they have chosen to use 

support their work activities. Engineers have a variety of 

software tools available for performing dynamic analysis. Since 

the ADAMS [9] software package is a widely known and used 

tool for dynamic analysis, we concentrated on studying 

ADAMS users. We defined these users as beginners,

intermediate users or experts, with respect to both their 

professional experience of using the tool, and to the different 

levels of software functionality that they have used. Three users 

from each category were involved in the study. 

The empirical study clearly shows that performing 

dynamic analysis is not solely about humans and computers 

exchanging unambiguous information through input and 

output. The interplay between human and computer is of great 

importance to the end result. Dynamic analysis involves 

creating a meaningful interaction where the computer is used to 

guide the engineer through a complex translation phase - going 

from internal and external models to a virtual representation of 

the product being developed. The level of meaningfulness 

depends largely upon the ability of both humans and computers 

to act and react in ways that are easily understandable by the 

other part. 

Work-of-the-work vs. Work-of-the-tool 

The activity of dynamic analysis also involves activities, 

which easily could be defined as bottlenecks in product 

development. The engineers are exposed to constant strain, 

which more often is related to tool-oriented problem solving, 

i.e. the software, than to work-oriented problem solving, i.e. 

engineering analysis. One of the experts on ADAMS said that 

he and his colleagues often talk about pushing through or 

sweating out an analysis, which clearly shows that performing 

advanced dynamic analysis is generally considered a very 

difficult and time-consuming process. In fact, all the engineers 

in the study agreed that there is no such thing as just working-
the-work [10] when doing dynamic analysis. To put it another 

way; tool-related problems are so common that it is hard to tell 
the difference between working-the-work and working-the-tool.  

Ethnographic findings 

There are a couple of main findings to consider in the 

design of a simulation supporting system. These findings are 

divided into three categories – input, output and feedback - in 

order to highlight the fact that engineers have to deal with 

bottleneck issues at several stages of the activity.

Input
- Information overload occurs when the user has to consider 

multiple options for input, some of which are completely 

irrelevant for the task at hand, and some of which the user has 

no knowledge about. 

- There is a lack of natural mapping between the way the user 

wants to do things, and the options and sequence of steps that 

the system suggests.

Output
- Information overload occurs when the user has to take 

multiple answers into account, some of which are completely 

irrelevant for the task at hand, and some of which the user has 

no knowledge about. 

- There is lack of natural mapping between the way the user 

wants to have the results, and the way that the system provides 

the result. 
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Feedback 
- The way that the studied system provides feedback is not 

efficient enough. Trial and error is still the best way to get 

useful feedback. There is a lack of both real-time feedback and 

feedback which provide not only warnings or errors, but also 

suggest ways to deal with these problems. 

The common denominator is that the system forces the 

users to let go of the main thread - stepping out of their 

engineering mindset - only to handle the tool, which actually 

was supposed to function as a support in their engineering 

work. They are continuously using parts of their intellectual 

capacity to think about and act according to events, which do 

not really add quality to the product they are developing.

It seems reasonable to assume that the activity of 

performing dynamic analysis will work better with a system 

that helps the users focusing on the relevant issues of their 

work, without having to put too much effort into activities 

which, honestly, should be automatic processes that occurs 

without conscious thinking. Thought and reflection seem to be 

more powerful when applied to problems that are relevant to 

the main activity, which, in this case, is performing dynamic 
analysis, not using tools for performing dynamic analysis. 

WEB BASED SIMULATION TOOL 
A distributed MBS analysis environment, eMBS, 

according to the basic client-server idea in Figure 1 has been 

developed, with its application within the area of vehicle 

system dynamics. 

Figure 1. The idea of distributed MBS analysis 

 The approach is based on the idea that the end user/client 

chooses a model and corresponding values for input parameters 

and what results are needed as output and then submits the 

analysis. The underlying server side simulation software 

performs all the numerical integration and generation of desired 

results. By using server side software and a web client, the 

need for client hardware and software resources are reduced, 

creating an easier way to access simulation capabilities. 

The MBS application 

A multibody system is a system that consists of solid 

bodies, or links, that are connected to each other by joints that 

restrict their relative motion. The study of multibody dynamics 

is the analysis of how mechanism systems move under the 

influence of forces. The MBS analysis methodology for 

performing analysis in the PDP is seen in Figure 2. Simulation 

processes are carried out at different stages of the development 

process and with different types of objectives and simulation 

models. The methodology for MBS simulation however is 

similar independent of the level of detail of the model. In the 

early stages fast modelling and comparative analyses are 

crucial in order to evaluate different concepts. The accessible 

information is often insufficient and the time frame for 

decisions limited. 

Figure 2. MBS analysis methodology in PD. 

At later stages the product is defined with higher level of 

detail, and accurate analyses are increasingly important. In 

these phases, better information is often available in form of 

experimental data from prototype testing. This makes it 

possible to verify the developed simulation models. After 

verification, the simulation model can be used to predict, if 

dealt with in a correct way, the behaviour in other situations 

than the experimentally tested ones. If simulation constraints 

are violated, according to design rationale, the results are no 

longer valid. 

The specific MBS analysis of a vehicle system is 

characterised by Haug [3]: 

- Modelling of a multibody system. 

- Generating the equations of motion. 

- Simulating the trajectories of the generalised 

coordinates. 

- Animating the vehicle system by moving pictures. 

- Evaluating the dynamical performance by adequate 

criteria.

The vehicle system application in this work is a front 

suspension to a car, a quarter model. The simulation model, 

built in ADAMS, is shown in Figure 3. 
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Figure 3. Quarter model of an automotive front 
suspension.

 The motive for analysis of this type of mechanical system is 

the prediction of ride comfort, handling, and stability [11]. The 

aim is to find an optimal parameter set for prescribed 

excitations, such as asymmetric or symmetric pothole, rough 

road, passing over a cleat, and J-turn manoeuvre. 

Simulation procedure in eMBS  

The simulation software expert is performing the whole 

MBS procedure, see Figure 2, hereby creating and validating 

the simulation models intended for use by others than 

simulation experts. The user, i.e. anyone granted access to the 

web page seen in Figure 4, choose a model to simulate or load 

a parameter set for an earlier performed simulation.  

Figure 4. Input interface, simulation model of front 
suspension.

The user then enters parameter data for the simulation to 

run, decides what results are needed and starts the analysis. 

When the simulation is complete, the results appear in a web 

page according to Figure 5. The domain experts can hereby 

carry out the simulations rather than having all analysis work 

performed by the experts with knowledge of the simulation 

tools. Ultimately, this is leading to that decisions can be made 

by those with actual domain knowledge and without the need 

for continuous discussions with the analysis department. 

Figure 5. Output interface, with VRML result 
displayed. 

Design Rationale 

The activity of distributed analysis has to be facilitated by 

helping the user understand the underlying reasons for design, 

i.e. assisting the user in understanding the functionality of the 

tool as well as how to use the simulation model. In this respect, 

we are also designing to facilitate learning. Since the user is not 

an expert in performing analysis, there are obvious advantages 

with an application that can mediate some of the knowledge 

and expertise that the simulation expert possesses. A distributed 

system for dynamic analysis is not just about distribution in 

time and space; it is also about distribution of knowledge. 

Design rationale [12] is a concept that on many accounts 

represents this view on knowledge distribution. It is an 

excellent way to give the users access to a richer view of the 

tool, and thereby also a richer view of how to use it. 

Even though design rationale traditionally is used as 

design documentation, to be used by other designers, a similar 

technique can be used when creating a meaningful interaction 

between the user and the analysis tool. Incorporating design 

rationale into the eMBS system will help the users to an 

increased understanding of the tool and its functionality, since 

the design intent of the simulation expert/model builder is 

communicated, including the underlying reasons for choosing 

certain parameters or ranges, and any kind of information that 

could assist the domain expert in performing the analysis. 

Graphical user interface 

Web interfaces can be rendered by a wide variety of web 

browsers, available on almost all types of available computer 

systems. The familiarity of presenting information in this way 

increases the spectra of the audience for using the tools behind 

the web interface. Web interfaces require much less bandwidth 

than other technologies for presenting graphical user interfaces 

(GUI) remotely, i.e. X window systems. As a consequence this 

enables the distributed use to include clients with low 



 5 Copyright © 2001 by ASME 

bandwidth, such as dial-up connections. It also provides the 

base for using the tool in the field on a laptop with cellular 

phone dial-up connection. 

Web browsers are relatively mature client applications and 

together with the use of technologies, such as Java, Active 

Server Pages (ASP), or Dynamic HTML (DHTML), interactive 

pages can be developed granting access to whatever application 

or resource needed for the logged on end user. 

The web interface for the eMBS system is developed in 

ASP and DHTML, giving interactivity to the interface, yet 

requiring not more than a version 4 browser.  

Input interface 
The input interface consists of drop-down lists for 

choosing simulation model and/or simulation set, parameters 

for the chosen model, settings for the simulation, such as time 

and simulation steps and result settings. A simulation model 

preview is also available to provide the user with a visual 

overview of the system. To each parameter in the model there 

are additional information available, implemented by the model 

creator; parameter information, design rationale and comments, 

represented by i, ? and ! in Figure 4. The number of parameters 

and results settings is depending on loaded model and hereby 

controlled by the model creator. 

Result format settings contain plots (JPG images), VRML 

models (interactive 3D animations), movies (AVI) and 

spreadsheet data for access to raw data. These result settings 

are model dependent and may contain more information if 

specified by the model creator. The results to be produced in 

the desired formatting are checked in the “Time histories” 

option. Here, all the results the model creator intend to share 

will appear when the model is loaded. After parameters and 

settings are chosen the model will be executed at the click of 

the submit button.

Output interface 
The output interface consists of results and analysis related 

information such as log files together with design rationale and 

comments, represented by i, ? and ! in Figure 5. Result plots 

and VRML/AVI animations are shown at the bottom of the 

page when requested. All results are stored at the server side 

until requested by the client, either by hyperlink or by request 

for e-mailed results. 

Software tool integration 

One important difference between a system supplied by an 

Application Service Provider and the eMBS system is the 

design rationale, i.e. the tailoring of an MBS tool to facilitate 

simulation in product development. An Application Service 

Provider system is basically a windowing system, and hereby it 

does not add or remove any functionality of the software in 

relation to if the software would have been installed and used 

locally. The eMBS system with the design rationale add value 

since it is adapted to the user needs and competence, see 

comparison in Figure 6 where the bottom right is the Figure 4 

input interface. 

Figure 6. Application Service Provider distribution 
(top) and design rationale eMBS system (bottom). 

The eMBS system is built of Active Server Pages (ASP), a 

database, the mechanical simulation package ADAMS, the 

scientific simulation package MATLAB [13] and a web server, 

according to Figure 7. 

Figure 7. Tool integration. 

Some additional Windows/UNIX scripts have also been 

developed to allow execution on both Windows and UNIX 

servers. The ADAMS software is mainly for mechanical 

simulation while the MATLAB software is for general 

computation efforts and for solutions of domains not 

implemented in ADAMS, such as control systems. The two 

packages are coupled to each other allowing co-simulation 

capabilities and hereby allowing multi domain simulation. 

The model creator populates the database with simulation 

models and corresponding model specifications. The simulation 

model is a text file containing the ADAMS simulation model, 

including any linking to MATLAB models. The model 
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specification file contains properties of interest for the ASP 

web pages, such as parameters, design rationale, parameter 

standard value and range, parameter information, result 

components etc. The DB keeps track of the simulation model 

and the corresponding properties file as well as any comments 

generated from the end user concerning the simulation model. 

The ASP web pages request information concerning 

available models from the DB. When a model is chosen, the 

DB responds with the corresponding information from the 

model properties file. When the analysis is executed the 

ADAMS/MATLAB environment is addressed from the ASP 

pages with simulation parameters and the DB releases the 

simulation model. Simulation results are tracked and organised 

by the database. Generation of plots, VRML animations, AVI 

animations, and spreadsheet data is performed by subroutines, 

native software commands and macros, in the 

ADAMS/MATLAB environment. 

When the analysis is complete, the output ASP page 

addresses the DB for information regarding the performed 

analysis. Links to the results are published on the web page and 

when the user requires result information it is passed on. 

The key to the successful system is in the mapping of web 

input parameters to the simulation model parameters. This is 

performed in the parameter mapping part of the model 

specification file. Another crucial task is the ASP web page 

addressing the simulation software and the execution of the 

software in a total batch mode. 

DISCUSSION
By designing tools that are rooted in the work practice of 

the users, and by actively involving these users in the 

cooperative design of such a system, a work situation where 

engineers can concentrate on their primary work activities is 

facilitated. Clearly, focus shifts from the system, work-of-the-

tool, to the engineering analysis, work-of-the-work. The 

fieldwork findings form a base for the web interface, in a what-

you-see-is-what-you-need fashion, controlling the underlying 

simulation software. The effort is not to enhance ASP coding or 

ADAMS/MATLAB programming individually, but rather to 

see the integrated tool as a product development support tool.  

Engineers that traditionally have had to rely on simulation 

experts are given the possibility of performing some parts of 

analysis themselves. Basically, they will be able to make 

relevant dynamic analysis earlier and more often in the process, 

which ultimately will leave them in the advantageous situation 

of increasing product quality at the same time as the time-to-

market is reduced.  

The system is hardware independent for the end user – 

only a web browser is needed - and the user can work 

anywhere in the world, at any hour in a thin client manner. The 

most evident advantage is the possibility of distributing models 

from simulation experts to design experts and engineers. 

Another advantage with the distributed system is that it allows 

companies to protect company specific knowledge by 

distributing parts of models or complete models in a black box 

fashion, were some parameters are available for modification, 

while the company sensitive parameters and structures are 

protected. The approach of the modelling is similar 

independent of studied problem, hereby allowing for simulation 

model reuse. 

Additionally, since companies are becoming actively 

involved in a larger part of their product development 

processes, their understanding of both the product and the 

process will increase. 

CONCLUSIONS AND FUTURE WORK 
A method that supports distribution of multibody dynamic 

analysis is proposed and developed. Ethnographic methods are 

used as a means for gaining a deeper understanding of the 

engineering analysis work practice, and the findings form the 

base for the cooperative design of the system. In order to deal 

with the problematic issues of engineering analysis that 

emerged during the empirical study - such as irrelevant input 

and output - as well as satisfying the need for useful, real-time 

feedback, the concept of design rationale is suggested and 

applied. The web based simulation environment, with its 

application within vehicle system dynamics, contains the 

simulation packages ADAMS and MATLAB together with a 

database and ASP web pages. The possibility to distribute 

simulation models, and results, from simulation experts to 

design experts and engineers, as well as within the extended 

enterprise, is created. The proposed method requires changes in 

the existing product development process since simulation 

support now can be added in more phases of the development 

process.

Future work includes more empirical work and testing, in 

order to establish a knowledge base for further integration into 

company development processes. Development of the 

prototype MBS system to facilitate the usage of simulation 

modules is also to prefer. This would enable the possibility of 

parallel simulation model development since a full simulation 

model could be combined by a number of smaller ones. A full 

simulation model can also be constructed by connecting 

modules that are distributed by subcontractors, without the 

subcontractors having to give away their specific product 

expertise. 
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Abstract 
Successful teamwork in geographically distributed teams is highly dependent on tools that support informal 
communication, such as opportunistic and spontaneous interaction. Such informal communication is 
responsible for much of the information flow in an organization. This paper presents how informal 
communication was supported in the Distributed Team Innovation project, a joint product development 
effort between Luleå University of Technology, Stanford University and Volvo Car Corporation. A web-
based Contact Portal was created in order to support informal communication and information sharing in a 
distributed engineering design team. The Contact Portal has been a valuable asset in the project, primarily 
because it combines several information channels; e-mail archives, awareness cameras, diaries, instant 
messaging, and SMS etcetera in one place. The Contact Portal was a natural starting point for initiating and 
maintaining contact with remote team members. The small window of opportunity made it difficult to 
continuously plan and hold formal meetings (videoconferences and telephone conferences), so the 
opportunistic interactions have been an important part of the information sharing in the project. 

Keywords:  Distributed engineering, Informal communication, Awareness 

1 INTRODUCTION 

Engineering design is fundamentally a socio-technical 
activity; not only because technical artefacts ultimately 
are designed for human needs and purposes, but 
primarily because design activities involve immense 
communication and interaction between individuals and 
groups in more or less complex social settings. Social 
activity can not be separated from the technical results - 
they are intertwined in the ‘…meetings that produce the 
specifications; the discussions around rough calculations 
and sketches that create understandings among the 
participants; the arguments about interpreting test results 
and prototype qualities that contribute to ‘feel’ and 
‘intuition’ about aspects of the design; and the debates 
about whether the design is ‘done’, if the specifications 
have been ‘met’, and if the result is ‘good’…’ [1]. 

Design usually proceeds by the production and use of 
formal structures, such as requirements documents, 
concept evaluation methods, and review meetings. 
These structures are by definition formal, but 
nevertheless socially constructed by creators and 
participants. However, there are also aspects of design 
that goes beyond the formality of prescribed product 
development processes. The highly informal, accidental, 
spontaneous communication that characterizes everyday 
work has an impact on design that sometimes is even 
greater than that of formal communication [2]. The ability 
to share information and resolve problems in a quick and 
unplanned way is considered a key aspect of successful 
communication within organizations [3,4,5]. 

As product development teams tend to become 
globalised, there is a growing interest in providing these 
distributed teams with a sense of proximity and 
‘togetherness’ that co-located teams are used to [6]. 
Different locations and time zones complicate 
communication and decrease the opportunities for 
informal encounters. While many systems for distributed 
collaborative work have focused on extended, formal 
meetings using videoconference technology [7], there is 
still an urgent need for technology that supports brief, 
informal, unplanned and lightweight interaction [8]. 

The object of the research is the Distributed Team 
Innovation (DTI) project, a joint product development 
effort between Luleå University of Technology, Stanford 
University and Volvo Car Corporation. The distributed 
design team consists of four students from the ME310 
course at Stanford and four students from the SIRIUS 
course at Luleå. The goal of the project is to design 
‘Virtual Pedals’, taking into account the fact that the need 
for mechanical connections between pedals and 
actuators has disappeared with the introduction of ‘drive-
by-wire’ technology. 

Previous research within Distributed Engineering at the 
Division of Computer Aided Design has focused on the 
synchronous collaboration with broadband 
videoconferencing and distributed Virtual Reality. [9] 

This paper aims to acknowledge the importance of 
informal communication in distributed engineering design 
collaboration. We describe the findings of the DTI project 
in relation to previous research and use this knowledge in 
the participatory design of a Contact Portal that supports 
the distributed teams in their search for common ground. 

2 RELATED WORK 

In order to set the stage for the research, it is important 
that we expand on the concepts of informal 
communication and awareness, their significance for 
successful group collaboration, and the numerous ways 
in which these concepts have guided the design of 
computer support for collaborative work (CSCW). 

2.1 Informal communication 

In everyday work, informal communication is 
omnipresent. It is easy to notice the spur-of-the-moment, 
unplanned interactions that occur in the midst of our daily 
work activities [3,4,5,10]. Informal communication is 
interactive in the sense that it relies on the highly 
unpredictable character of each situation. No matter how 
hard you try to stick to agendas or plans, these should 
merely be seen as resources for situated action [11], 
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since you always need to respond to the particulars of an 
event in order to ‘make things work’. 

The improvisational aspects of communication can be 
recognized in a myriad of interactions in the work 
environment. A colleague might ask you for a quick 
advice as you pour your coffee in the lunch room; you get 
an economical briefing while you wait for a printout; you 
decide a meeting time with your boss as he happens to 
walk by your door; you give your new phone number to a 
business associate as you bump into him in the hallway 
on your way to a meeting. This kind of casual, everyday 
interaction is vital to successful co-located collaboration, 
since you rapidly and continually can exchange 
information, monitor progress, and learn about what 
others are doing [10]. 

Kraut et al. [5] divided informal communication into four 
categories, based on the degree of preplanning: 

1. Scheduled: Conversations that are scheduled in 
advance by both parties. 

2. Intended: Conversations that are not planned in 
advance, but sought out by one party. 

3. Opportunistic: Conversations that are anticipated by 
one party, but occurring by chance. 

4. Spontaneous: Conversations that are unanticipated 
by either party. 

When working in a co-located organization, there are 
many possibilities for informal communication, and issues 
can be discussed and resolved spontaneously rather 
than waiting for a suitable, and scheduled, time to make 
a formal decision [12]. Also, co-located groups can 
communicate with each other more frequently and 
intermittently, which further decreases the formality of 
communication by minimizing the need for formal 
openings and closings [13]. 

Another feature of informal interactions is that they are 
brief. In a study of informal workplace communication, 
Whittaker et al. [14] found that 50% of opportunistic face-
to-face interactions lasted less than 38 seconds, and that 
they lasted only 1.89 minutes on average. The cycle of 
communication is fast; problems are dealt with as they 
come up, and information is exchanged as a natural, 
effortless and integral part of everyday work. 
Fundamentally, the iterative style of informal 
communication enables people to reach well-founded 
decisions and find common ground more rapidly than 
through conventional meeting structures. 

As industry is cutting lead times, a concurrent product 
development process is enabling companies to speed up 
time-to-market, while still increasing quality. They are 
able to reach the right decisions quickly, and more 
importantly, they are able to correct mistakes rapidly 
because of the iterative, nonsequential process that is 
similar to that of successful workplace communication. 
However, the informality of the local workplace has not 
yet made its way into the distributed workplace of global 
engineering design teams. 

The telephone is still the most commonly used tool for 
remote opportunistic interaction, much because its 
intuitiveness. However, since there is no way of knowing 
in advance if the recipient is available to accept the call, 
informal telephone communication is not as 
straightforward as face-to-face conversation. Research 
on business phone calls has shown that between 60% 
and 70% of the phone calls do not reach the intended 
recipient [4,6,14,15]. In order to make use of the powers 
of informal communication, it is critical that participants 
achieve a sense of co-presence so that they can become 
aware of one another and interact easily and effortlessly 
throughout the course of their work. [7] 

2.2 Presence and awareness 

Co-presence in the local workplace facilitates impromptu 
interactions between colleagues, and the concepts of 
presence and awareness relate to the ways in which we 
become aware of other’s whereabouts and activities as 
we walk around in the work environment, overhear 
conversations in the hallway, or glance into the room of a 
colleague [16]. Presence and awareness is experienced 
through the informal, everyday interactions between 
people that work in the same physical space – a general 
sense of who is around and what they are doing [17]. 
This understanding of other’s activities enables you to set 
the context for your own activities, goals and motivations 
[18,19].

A common problem with distributed teamwork is that 
team members have difficulties coordinating meetings. 
Knowing when to reach someone, an awareness of 
availability, is a crucial aspect of distributed collaboration. 
Another problem is that it is hard to know what others are 
doing in a project where the members are geographically 
separated. Extra effort is needed to keep each other 
updated and ‘on the same page’, and an awareness of 
activity, or work, must be continuously maintained. Also, 
since distributed team members often have different 
deadlines and requirements, it is very important that 
everyone has a good understanding of where in the 
project they are - awareness about process [20].  

Fundamentally, awareness of others facilitates 
communication and collaboration with others, and thus it 
is certainly a basis for engaging in social and 
collaborative activities [21].  However, achieving a sense 
of presence and awareness in distributed teams is not 
easy. Apart from the barriers of geographic distance, 
‘physical remoteness’, and different cultures, there are 
also differing travel schedules, holidays and work hours 
to think about. In addition to that, time zone differences 
make delays in communication, more or less, an inherent 
feature of global collaboration. [22] 

Informal communication in local workplace settings is 
often preceded by ‘sightings’ [4,5]; you see a colleague 
walk past your door, and you remember the budget 
proposal you wanted to discuss with him; you notice a co-
worker putting on her jacket, and you decide to take the 
opportunity to brief her about an important e-mail before 
she leaves for the day. Opportunistic communication is 
very much about finding a good time to interact, and as 
we continuously scan our environment, glance into 
other’s offices etcetera; we are able to establish these 
connections easily and rapidly. This is the essence of 
‘lightweight’ communication and it needs to be supported 
in the technology that is intended to facilitate distributed 
collaborative work. 

2.3 Enabling technology 

Traditional ‘heavyweight’ groupware with high quality 
audio and video is not ideal when it comes to enabling 
informal communication. Such systems require the user 
to start up specific software applications (which first of all 
have to be installed on the computer), and then go 
through a login procedure to connect to the remote site, 
etcetera. Hence, systems used for informal 
communication are mainly based on lightweight 
technologies, such as web cameras and instant 
messaging applications. 

Awareness  
Enabling technologies for group awareness can be based 
on iconic representation of people, digital images or live 
video. One of the benefits of using a video channel is to 
convey non-verbal cues from gestures and body 
language.
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‘Peepholes’ [23] is a low cost community technology, 
which uses iconic presence indicators to represent the 
activities of the users. Technologies that use video can 
be based on images that are grabbed from video 
cameras [23], or on live video feeds used to create a 
shared community with members located all over the 
world. Technologies such as CRUISER [18], Montage [6] 
and Piazza [24], contains a ‘glance’ feature, which 
resembles the ways in which co-located team members 
take a quick look into an office as they walk by. Vic [25] 
and mStar/Marratech [26,27,28] are functioning as 
electronic corridors where users easily can become 
aware of each other and initiate spontaneous 
communication.

The above projects are all proprietary software, based on 
several conferencing standards. Greenberg [29] 
proposed a lightweight solution with low-end web 
cameras with a web interface to create a similar solution. 
Another approach, WebSmile [30], tries to combine both 
high quality videoconferencing (with proprietary software) 
and a web-based interface. 

In this paper we present a web-based solution for 
informal communication, to be used as a complement to 
the high-end conferencing systems more suitable for 
formal communication.

Instant messaging (IM)
Instant Messaging (IM) technologies are used to notify 
users of the online presence of persons on their contact 
list. These systems enable users to, among other things; 
send instant messages, share files, and chat.  Well 
known IM technologies are ICQ [31], AOL IM (AIM) [32], 
and Yahoo! Messenger [33], which are used by millions 
of users today (ICQ currently claims to have 128 million 
users).

‘It is interesting that a lightweight technology consisting of 
no more than typing text into a window succeeds in 
providing enough context to make a variety of social 
exchanges vivid, pleasurable, capable of conveying 
humor and emotional nuance.’ [34]

Instant messaging encourages informal expression [34, 
35,36], since people tend to be less careful about their 
spelling and grammar, when compared to e-mail 
communication.  Normally, instant messages will not be 
printed, forwarded or cited. You are also free to 
exchange unfinished, ‘crazy’ ideas, similar to the way you 
discuss in a co–located brainstorm. IM is often used 
within a community (a small group of people that you 
know well or are planning to get to know well), so detailed 
explanations of background or formal presentations are 
unnecessary.  

Mobile solutions 
There are few true mobile solutions for global presence 
and awareness. Most of the systems support multiple 
fixed locations, and the mobile systems are mainly 
designed for local mobility, such as the Hummingbird [37] 
and the Proxy Lady [38] systems, which support 
peripheral and proximity awareness by scanning the 
surroundings (> 100 meters) for similar devices.  

The main problem with true mobility is that the 
awareness systems demand a constant network 
connection, such as GPRS or other wireless network 
solutions. Hubbub [39], a mobile instant messenger relies 
on the Ministrel modem, which is not commonly available 
in Europe.

3 METHOD 

The research described above influenced the initial 
design of the DTI project site, but since the distributed 
team consisted of relatively few members, there was also 

a great opportunity to further adapt these general 
research concepts in close collaboration with the users. 
Rather than seeing users as passive sources of 
information, techniques for Participatory Design [40] have 
been used to actively involve users in the system design. 
Ethnographic techniques [41], such as observations, 
video and tape recordings, informal interviews and field 
notes have also been used to gain a better 
understanding of the work activities that the system is 
supposed to support. The qualitative approach was 
combined with quantitative data derived from system log 
files. During the course of the project, the system was 
continuously improved in an iterative design process. 

4 DESIGN AND IMPLEMENTATION  

The distributed team of students were mainly working 
together from the Distributed Team Room (DTR) at Luleå 
and the Loft at Stanford. These collaborative 
environments are equipped with tools suitable for 
synchronous collaboration, including a conference 
telephone, the Smile! [42] broadband videoconferencing 
system, wireless headset microphones for high quality 
audio transmission, and the eBeam [43] electronic 
whiteboard system for creative brainstorming and joint 
activities involving drawings or notes. 

Although these technologies are very valuable and useful 
for different types of synchronous collaborative tasks, 
they are far from sufficient substitutes when it comes to 
supporting the informal aspects of face-to-face 
interactions. The time/location matrix (Figure 1) often 
used in the area of CSCW does not represent the ways 
in which people collaborate in practice. In reality, people 
do not keep to one type or style of collaboration. They 
continually and effortlessly move across time, place, and 
formality. However, many technologies for collaborative 
work are developed only to fit the situations and activities 
implied by a single cell in the time/location matrix. [16] 

 Same time Different times 

Same
place 

Face-to-face
(classrooms,

meeting rooms) 

Asynchronous 
(project scheduling, 
coordination tools) 

Different
places 

Distributed
synchronous 

(shared editors, 
video windows) 

Distributed
asynchronous 

(e-mail, bulletin 
boards)

Figure 1: Time/location matrix. 

In the context of informal communication, this calls for a 
heterogeneous approach to CSCW systems. It is 
becoming increasingly recognised that CSCW systems 
should be combinations of different systems rather than 
monolithic applications [44]. Hence, the system 
developed in the DTI project is designed in the form of a 
web-based portal, where information from several 
sources is combined and presented in one place to 
facilitate quick informal interaction between team 
members.

4.1 Contact Portal 

A web-based Contact Portal was implemented using 
Windows2000 Server, Active Server Pages (ASP), and 
Microsoft Access. The Contact Portal combines 
information from different sources, such as: awareness 
information from web cameras at Stanford and Luleå; 
presence and location awareness from ICQ; instant 
messaging functionality from ICQ; and a Short Message 
Service (SMS) for instant messaging to mobile phones. 
The Contact Portal also has links to a shared document 
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server, a shared multimedia archive, a diary archive, a to-
do list, and related e-mail archives. 

One of the major advantages of using a web-based 
approach is that people do not have to be present in the, 
usually few, rooms that are equipped with technology for 
videoconferencing and other synchronous interactions. 
All that is needed is a web browser and a connection to 
the Internet, and there is no need to download and install 
plug-ins or other software. The system can also be used 
in heterogeneous environments with different computer 
platforms, such as Unix workstations, Windows 
computers and Personal Digital Assistants (PDA). In the 
following sections, we briefly introduce the components of 
the web-based system for informal communication. 

Awareness cameras 
With the aim to enhance the sense of working in a shared 
physical environment, continuously open video links [45] 
were integrated into the Contact Portal. Above all, it was 
important that team members could become aware of the 
activities in the two project rooms, without having to use 
specific applications for videoconferencing. By 
incorporating visual awareness information in the web 
page, the teams only needed a quick glance to know if, 
or when, it was a suitable time to initiate interaction. 

Four standard USB cameras, two at Luleå and two at 
Stanford, were used (connected to Win2000 machines) 
together with one dedicated network camera (AXIS 2100) 
[46], which unlike the USB camera includes a built-in web 
server and connects directly to a network as a 
standalone unit. Also, a VIP (Virtually-In-Person) camera 
was used to monitor activities at Stanford. 

Instant Messaging (IM) 
The web-based version of ICQ, which contains an 
awareness representation feature (a green flower icon if 
the user is online and a red icon if the user is offline), was 
implemented on the web page. For example, a person 

working in the Loft could easily see if someone from the 
Luleå team was online in the Distributed Team Room, 
and an ICQ session could be quickly initiated by clicking 
on the icon. Also, since every team member had a 
separate ICQ identity, it was easy to find out if someone 
was online from home, or from any other space 
connected to the Internet.

Diaries
In order to further facilitate informal information sharing 
between team members, a diary feature was 
implemented, which lets the team members write more or 
less informal notes about their activities. The idea was to 
enable members to easily share information about their 
own work activities and track the progress of other’s 
work. After a form was filled out on the web page, the 
diary entry was added to the database and automatically 
logged with a timestamp. The students could then read 
the diaries on the website whenever it suited them, and 
by reading previous entries they could easily see the how 
the project has progressed over time. Another reason for 
using these informal diaries was, as noted earlier in this 
paper, that we wanted to provide team members with a 
feature that enabled informal expression, without putting 
too much effort into spelling, grammar, or formal 
introductions [34,35,36]. Also, the user did not need to 
care about document formatting, since the diaries were 
formatted dynamically when requested from the web 
server.

Short Message Service (SMS) 
Due to the availability and use of mobile phones in 
Sweden, such technology is becoming increasingly 
ubiquitous, meaning that it is a kind of ‘personal 
technology’ that people bring with them without 
considering it as an extra effort (compared to PDA’s and 
laptops that you usually do not take with you if you are 
going for a quick coffee break). 

Figure 2:  The Contact Portal with an enlargement of the awareness camera in Luleå. 
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As a complement to e-mail and IM, a Short Message 
Service (SMS) was used as a tool for meeting initiation 
and informal communication. A key reason for 
implementing the SMS feature was the immediacy of the 
message delivery. As with IM, SMS are sent without 
delay, and they also have the added benefit that people 
bring the terminal with them at all times. SMS can 
therefore be sent 24 hours a day, regardless of where the 
recipient is located. Messages can be sent without 
interrupting the recipient, and if a message arrives at an 
inconvenient time, recipients can ignore it until they are 
ready to converse. If the recipient is sleeping and has 
turned off the phone, the message will be delivered as 
soon as they wake up and turn on the phone.  

Furthermore, SMS enables users to leave stickup notes if 
synchronous communication is not possible at the 
moment, which is considered a useful feature in the 
event of a failed attempt to initiate communication [47]. 
The diary, ICQ, and SMS functions give you a possibility 
to leave a message in a way which resembles the ways 
in which you leave messages through a third person in 
face-to-face interaction [7]. Also, when people work in the 
same room, they can work asynchronously just by 
leaving things in a prominent place in a room [7,16].

4.2 Mobility 

The system supports multiple fixed locations (the 
students at home, in the lab or at the concept lab). 
However, since both the Luleå and the Stanford 
campuses have wireless network (IEEE 802.11b) 
infrastructures, a student could be available using a PDA 
or a laptop with a wireless connection. To achieve a true 
mobile solution, the use of SMS on the GSM mobile 
phone network was used.  

SMS services are also available via IM services such as 
ICQ, but due to the reliability of these services a 
commercial service was chosen. With this approach SMS 
could be sent to individuals or groups, and all messaged 
were also logged in an archive. 

By using the web-based approach, the same content 
could be presented in different ways depending on the 
user’s computer type and screen size. The original 
Contact Portal in Figure 2 corresponds to the Pocket PC 
version shown in Figure 3 and Figure 4. The portable 
devices used in Luleå were a laptop and a Compaq 
iPAQ, both equipped with WaveLAN.   

Figure 3: Pocket PC version of the Contact Portal.

Figure 4: Pocket PC version of the awareness camera.

5 RESULTS 

The collected data, qualitative as quantitative, was 
analysed in order to find out how the different 
communication channels have been used throughout the 
DTI project. Previous research created a frame of 
reference that was used when analysing the flow of 
informal communication. 

5.1 Awareness cameras 

Through participant observation and videotaping, the 
usage of the awareness cameras was studied in a 
qualitative way. The main advantage with the cameras 
was the possibility to glance into the remote project room. 
Is anyone there? Are they busy? Our findings show that 
the team members did not waste time on unnecessary 
phone calls, or instant messages, if they already were 
certain that no one was going to answer. 

Another interesting use of the awareness camera was 
when team members used them as a way to confirm that 
their remote colleagues correctly interpreted the meaning 
of their written messages and verbal utterances. 

One example is from a rather tense situation, where one 
team was not sure if the other team was dissatisfied or 
annoyed about something. The teams were 
communicating via instant messages, but they had 
difficulties ‘reading between the lines’. The team was in 
need of positive feedback on an intended joke, and they 
monitored the recipient through the awareness camera. 
When they noticed that their remote team member 
laughed at their joke, the ‘ice was broken’ and the 
following communication flowed more easily. By 
combining the written or spoken word with non-verbal 
cues from the awareness cameras, it was easier to reach 
a shared understanding without being too explicit and 
formal.

5.2 Instant Messaging (IM) 

All instant messages were logged, and categorized into 
five different types; project work, awareness, media 
switching and parallel conversation, meeting 
coordination, and other unspecified messages. The 
majority of the messaging sessions started with a 
negotiation of availability (e.g. ‘Are you free now?’) so 
those messages were incorporated into the awareness 
category. 
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The normal use for IM is to use an account per person, 
but in this project group identification was used because 
the students always worked on the same computers (e.g. 
‘Luleå–desktop’ and ‘Luleå–laptop’) in their respective 
project room. However, they used individual accounts 
when they where using the system from home. The 
messages to and from one account were logged. From 
October 2001, to March 2002, 1129 instant messages (in 
161 sessions) were sent to or from the Luleå-desktop 
account.

Instant Messages - Luleå-desktop
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Figure 5: Total number of IM sent and received on one 
account (the desktop computer in the Luleå team room). 

One notable moment is the use of IM between December 
5

th
 and December 6

th
 when 130 messages were 

exchanged. This was due to an important deadline where 
a lot of coordination needed to be done before the 
presentation. In this case, several communication 
channels were used in parallel, since a telephone 
conference or videoconference only could support one 
conversation at a time. Due to time constraints, team 
members needed to discuss multiple issues at the same 
time. Thus, side conversations between remote team 
members had to be done via some other media.

Between mid December and end of January very few 
messages were sent due to holidays and the Luleå 
team’s visit to Stanford in January.  

The IM was categorized and grouped into five different 
types of messages:  

1. Project work, 53%. 

2. Awareness (casual conversation and negotiation of 
availability), 20%. 

3. Media switching and parallel conversation in another 
media (e.g. videoconferencing and IM), 16%. 

4. Meeting coordination, 9%. 

5. Other unspecified communication (system 
messages, etc), 2%. 

Project work 
More than half of the instant messages concerned 
communication directly related to the joint project. This 
involves asking quick questions, giving short clarifications 
of previous work, and briefing other team members about 
recent project achievements. As in the example below, 
messages were kept short, without background 
information or formal introductions because all users 
already were aware of the context.  

From: Penn to Luleå-desktop   
Time: 2002-02-21 09:05 CET 
Message: We've got 4-6 prototypes that we're 
building quickly and testing tomorrow, then we're 
putting them on a matrix. 
---

From: Luleå-desktop to Penn      
Time: 2002-02-21 09:05 CET 
Message: it's the same here hopefully we will be 
able to start building it today

Awareness 
One fifth of the instant messages were used for 
maintaining awareness and a ‘sense of connection’ with 
remote team members. These messages often contained 
a greeting, or some other informal invitation to talk. 
Conversations were often initiated by such messages, 
but the recipient could easily decline with a quick 
comment, or by not replying at all. Such response was 
not considered impolite, but it was assumed that the 
recipient was busy or in other ways unavailable. 

From: DTI to Penn 
Time: 2002-02-28 18:46 CET (9:46 PST) 
Message: HI Penn how are you. Do you have time 
for a little chat before the chocolate drink for 
breakfast.

Media switching and parallel conversation 

16% of the instant messages were used to handle the 
issues involved with setting up technologies for formal 
meetings. Instead of ‘connecting’ directly with the remote 
site through videoconference or a telephone conference, 
it was common to initiate conversation with instant 
messages, and then switch to another media type as 
soon as the formal meeting was about to start. The 
instantaneity of the messages provided an easy way to 
troubleshoot the ‘formal’ conferencing technologies, if 
these did not work as expected. As noted earlier, instant 
messages were also used in combination with 
conferencing technologies, which enabled team 
members to have parallel discussions going at the same 
time.

Luleå: is it the same phone number we called you 
at the last time? 
Stanford: yes 
Luleå: allright, we’ll call in a couple of minutes 
Stanford: OK, everyone is ready here at 
Stanford…

Meeting coordination 
9% of the total amount of instant messages was used to 
coordinate or reschedule meetings. In the following 
example, a Stanford student was at home and noticed 
that someone was active on the Luleå computer. Since 
all team members could use the Contact Portal from 
home, they often confirmed meetings before going to the 
project room. For example, if one member is going to be 
10 minutes late, the awareness of this delay provides the 
possibility to reschedule the meeting on very short notice. 

From: Jonathan (from home) to Luleå-desktop 
Time: 2002-02-21 22:33 CET  
Message: …i'm heading over to the loft in 20 
minutes.  If anyone else is around, we'll give you a 
ring.
---
From: Luleå-desktop to Jonathan 
Time: 2001-11-27 22:34 CET 
Message: …we were actually leaving now but if 
we can talk in 20 min, we can wait.

5.3 Diaries 

When reading the IM log files, it can be very hard to 
follow a discussion, because the instant messages are 
loosely coupled, fragmented pieces of information that 
needs to be interpreted with knowledge of the situation in 
which they occurred. Therefore, instant messages are 
not suitable for information that may be of importance 
later on in the project, or information that must be 
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understood by all team members. ‘Why did we make that 
decision?’ ‘Who did he call to get that information?’ 
However, since formal documentation is cumbersome to 
produce and maintain, the web-based diaries provided 
an easy way to produce records of informal information.  

Written by: Holger
Time: 2001-11-26 23:51:04 CET 
Message: Today we bought a force feedback 
wheel and borrowed a webcam for our critical 
function prototype. After a couple of hours with 
some measuring and connecting problems we 
could run Monster Truck Madness with a power 
supply  as brake and throttle pedal. Next step is to 
control it with Lab-View.

5.4 Short Message Service (SMS) 

SMS can be seen as a mobile instant messaging 
technology, and it was primarily used for communication 
when team members could not become aware of each 
other through the use of the Contact Portal (awareness 
cameras, ICQ). By sending an SMS to all members in the 
group, you are sure that all members get notified 
immediately. The messages were grouped into three 
main categories: stickup notes, meeting coordination, 
and immediate contact initiation. 

Stickup notes 
This was a way of making sure that every team member 
pays attention to an important, but not urgent, issue. It 
was considered less cumbersome than calling each 
member.

From: Mats 
Time: 2002-03-07 11:12:35 CET 
Subject: Picture 
Message: Hi! Have you seen any picture from 
Stanford of their concept? It's Thursday now. I 
haven't received any e-mail.

Meeting coordination
Since e-mail and instant messaging require access to a 
computer, it is not certain that all team members are 
online and check their e-mail/ICQ on nights and 
weekends. Therefore, SMS was used to coordinate 
meetings during ‘offline’ times. 

From: Marre
Time: 2002-03-06 00:20:07 CET 
Subject: Meeting tomorrow  
Message: Hey guys! We'll have a short meeting 
tomorrow at 10:00. Holger: we know you have a 
lab, but it would be great if you could come for a 
while. 

Immediate contact initiation 
In very urgent situations, or when all other 
communication channels had failed, SMS enabled team 
members to initiate immediate contact. 

From: Jon
Time: 2001-12-06 12:06:00 PST 
Subject: Video
Message: Hey guys, where's the video?  I just 
tried calling you. Scott and me are going to lunch in 
5 min, so please send it.

5.5 Window of opportunity 

One of the major problems in the DTI project was the 
nine-hour time difference between Stanford and Luleå. 
The ‘window of opportunity’ was very small and made 
informal communication difficult. In an ordinary workday 
(08-18), the window of opportunity is only one hour 
(Figure 6). 

Figure 6: Window of opportunity based on work from 6-24 
(normal work hours 8-18). 

In order to make synchronous collaboration possible, the 
work hours were often extended so that team members 
more easily could find opportunities for interaction. 
However, since it was impossible to extend work hours 
every day, global communication was highly dependent 
on the ability to make use of the ‘windows of opportunity’ 
that came up on short notice. Therefore, instant 
messages and SMS were often used to check the 
availability of the ‘late night team’. 

From: Luleå-desktop to Jonathan (at home)
Time: 2001-12-06 10:47 CET (01.47 PST) 
Message: call us through NetMeeting
---
From: Jonathan to Luleå-desktop   
Time: 2001-12-06 10:47 CET (01.47 PST) 
Message: no, i'm going to be, and my girlfriends 
already asleep so that would wake her. i am just 
finishing up a long email to you all. just read that 
and we'll talk tomorrow.

6 DISCUSSION 

The findings in this project highlight the importance of 
informal communication in the creation of shared 
understanding in distributed collaborative engineering 
design. Although the possibilities of videoconferencing 
and similar technologies must not be underestimated, it is 
also very important to be aware of and acknowledge the 
subtle, opportunistic interactions that lay the foundation 
for successful collaboration. 

There is no doubt that a lot of research should be 
performed in order to improve the possibilities for 
scheduled, formal meetings, but the key to success might 
very well be the ability to adequately support the 
communication that happens in between these meetings. 

Throughout the project, team members have shown that 
continuous contact and communication is more important 
than the structure of such communication. Spoken 
language and written language have different form and 
function, and it is interesting to notice that the informal 
communication of the DTI project has so much in 
common with the informal interactions that are 
characteristic of the local workplace.    

Awareness cameras can be used to provide non-verbal 
cues to written language, and the risk of 
misunderstandings decrease since words can be 
combined with visual expressions of emotion. Also, 
instant messaging technologies provide possibilities for 
parallel communication that earlier was possible only in 
local teams. Most importantly, the technologies and 
approaches described above are well fitted when the goal 
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is to communicate across distance, time and formality. 
The combination of technologies allows distributed team 
members to become aware of opportunities for 
collaboration, and to initiate and maintain communication 
in a quick and easy way, using lightweight technology. 

7 CONCLUSION AND FUTURE WORK 

A web-based Contact Portal was created in order to 
support informal communication and information sharing 
in a distributed engineering design team. The Contact 
Portal has been a valuable asset in the project, primarily 
because it combines several information channels; e-mail 
archives, awareness cameras, diaries, instant 
messaging, and SMS etcetera in one place. 

When observing the system in use, we found that the 
Contact Portal was a natural starting point for initiating 
and maintaining contact with remote team members. The 
small window of opportunity made it difficult to 
continuously plan and hold formal meetings (video and 
telephone conferences), so the opportunistic interactions 
have been an important part of the information sharing in 
the project. The web cameras provided an awareness of 
other team members’ presence, and also gave visual 
augmentation to written communication. Instant 
messaging was widely used for opportunistic and 
spontaneous interaction, but also for meeting 
coordination and media switching. In urgent matters of 
intended communication, or when all team members 
must be notified at once, SMS was preferred. Diaries 
where used as an easy way to create and store records 
of informal information that might be of use in the future. 

Future work includes improved support for mobile 
opportunistic interaction, using technologies that allow 
you to be online all the time, such as GPRS (General 
Packet Radio Services). Another area of interest is 
mobile videoconferencing, using the scalable version of 
Smile! in combination with the Contact Portal on a PDA. 
Due to the high network requirements for mobile 
conferencing, a wireless broadband solution such as 
Telia Homerun [48] or UMTS (third generation mobile 
communications systems) [49] must be used. 
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Abstract
Engineering design is fundamentally social, requiring a lot of interaction and communication 

between the people involved. Additionally, good design often relies upon the ability of a 

cross-functional team to create a shared understanding of the task, the process and the 

respective roles of its members. The negotiation and bargaining for common ground are 

essential in the design process. It is important to provide tools and methods so that also 

geographically distributed design teams are given the opportunity to engage in such social 

interactions. This paper presents a study of interpersonal communication within the 

Distributed Team Innovation (DTI) framework; a joint product design project between Luleå 

University of Technology and Stanford University that investigates the future of collaborative 

product development. The common object of work is to design “Virtual Pedals” for Volvo 

Car Corporation. 

In the study, we noticed that one-on-one conversations, held in parallel to a main discussion, 

were common in co-located teamwork and that they are a natural part of creative teamwork. 

These conversations were mainly used to clarify things and to discuss vague ideas or personal 

disagreements. Additionally, they were often used instead of, or as a precursor to, bringing up 

a topic with the whole group.

In distributed meetings side conversations were discouraged and current systems for 

distributed collaboration could not provide sufficient support for these subtle interactions. 

This has important implications for supporting and improving the performance of global 

teams, and it suggests that the one-to-many channel of today's video conferencing technology 

is severely limiting. 

Keywords:  Side conversation, interpersonal communication, distributed collaborative design. 

Introduction 
Engineering design is not a purely technical activity; it is also a highly social process. 

Technical artefacts are ultimately designed for human needs and purposes, and the design 

activities involve intense communication and interaction between individuals and groups in 

complex social settings. Social activity can not be separated from technical results - they are 
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intertwined in the “…meetings that produce the specifications; the discussions around rough 
calculations and sketches that create understandings among the participants; the arguments 
about interpreting test results and prototype qualities that contribute to ‘feel’ and ‘intuition’ 
about aspects of the design; and the debates about whether the design is ‘done’, if the 
specifications have been ‘met’, and if the result is ‘good’…” (Minneman 1991: 63). 

Interpersonal communication is the basis for innovation, since these interactions provide for 

the creation of shared understanding – the starting point from which initial concepts can be 

further developed into well-designed artefacts. In face-to-face settings, interpersonal 

communication is a truly interactive process of making sense of each other and the world – a 

moment-to-moment search for common ground that has been hard to replicate in 

geographically distributed settings. However, in the light of increasing globalization, it is of 

great importance to be able to support geographically distributed teams by giving them the 

opportunity to uncover and utilize the collective knowledge, creativity and meaning that 

spring from the multifaceted, situated and social interactions that are characteristic of 

successful design. 

In order to make suggestions about the design of computer support for collaborative 

engineering work, it is critical to first examine the social and interactional dimensions of work. 

The understanding derived from observations of engineering work practice can then be used 

to inform the design of appropriate technology. 

The object of our research is a joint product development effort between Luleå University of 

Technology, Stanford University and Volvo Car Corporation. The distributed design team 

consists of four students from the ME310 course at Stanford and four students from the 

SIRIUS course at Luleå. The goal of the project is to design “Virtual Pedals”, taking into 

account the fact that the need for mechanical connections between pedals and actuators has 

disappeared with the introduction of “drive-by-wire” technology. 

Our study of co-located and distributed teamwork in this project showed that the design team 

lost a powerful aspect of co-located teamwork when moving into distributed collaboration. 

The more or less chaotic, but still effortless, ways in which they interacted locally were 

almost invisible in the distributed setting. The sense-making process, the collective search for 

shared understanding, and the subtle interactions that characterized their co-located efforts 

were in many regards reduced into a formal, rigid process where team members stopped 

“thinking together” and instead started “explaining to each other”. This paper aims to 

highlight the occurrence and importance of embedded one-on-one conversations in the 

context of one-to-many settings, and the implications this has for supporting and improving 

the performance of global teams. 

The social dimension of teamwork 

Informal communication 

In everyday work, informal communication surrounds us in the shape of unplanned, spur-of-

the-moment interactions (Root 1998; Fish, Kraut, Root and Rice 1992; Kraut, Fish, Root and 

Chalfonte 1993; Kraut, Egido and Galegher 1990). Informal communication is interactive in 

the sense that it depends on the highly unpredictable character of each situation. Agendas or 

plans are only to be seen as resources for situated action (Suchman 1987), since we always 

need to respond to the particulars of an event in order to “make things work”. The 



improvisational aspects of communication are easily recognized as natural parts of the 

everyday work environment. A colleague might ask for your opinion on a design change as 

you read the newspaper in the lunch room; you get an economical briefing while you wait for 

a printout; you decide a meeting time with your boss as he happens to walk by your door; you 

give your new phone number to a business associate as you bump into him in the hallway on 

your way to a meeting. This kind of casual, everyday interaction is vital to successful co-

located collaboration, since you rapidly and continually can seize opportunities to exchange 

information, monitor progress, and learn about what others are doing (Kraut et al. 1990).

Socially natural groupware 

Informal communication, as most social interaction, is ”unremarkable” by nature. We adapt to 

situations as we face them, and we do not become overly amazed or confused by the many 

different situations we end up in. In face-to-face settings we are very sensitive to the actions 

and interactions of others, and if anything, it is remarkable how radically things change when 

we move from the ordinary world into the digital world. Much of our knowledge about people, 

our sensitivity to their interactions, our ability to improvise in changing situations, is 

neglected. In the world of computer systems, we are “socially blind”. (Erickson and Kellogg 

2000)

Undoubtedly, technology is functional in the sense that we have access to text chat, digital 

voice and video, and shared applications when working in geographically distributed settings. 

However, in use these systems are far from natural tools that efficiently and smoothly 

facilitate our work. In this respect, groupware is not “socially natural”. (Greenberg and 

Gutwin 1998) It seems that many of the difficulties with today’s technology have more to do 

with the assumptions that inform system design, than the current limitations of technology. 

(Heath, Luff and Sellen 1995). A static and inflexible conception of collaborative activity has 

prevented the evolution of useful environments where people can work and socialize with 

each other in a socially natural way. (Heath et al. 1995) 

Method
The research upon which we base this paper was carried out during six months of the seven-

month DTI project. Our initial aim was to provide the distributed team with supporting 

technology that would enable team members to interact and communicate using different 

modalities. It is important to note that team members were not “forced” to use a particular 

technology for a particular purpose. Rather, we wanted to provide them with several 

alternatives, so that they themselves could choose the tools that they found suitable in every 

situation. Thus, the goal was to study communication as it was played out in a real-world 

product development activity. Drawing from the concept of ethnomethodology (Dourish and 

Button 1998), we felt it important to try to understand things in the context in which they 

occur, without making assumptions about what modes of communication could be useful for 

successful collaboration. The study was performed using ethnographic methods such as 

observations, field notes and videotaping. (Blomberg, Giacomi, Mosher and Swenton-Wall 

1993) Apart from our intentions to strive for an “inside perspective”, ethnographic methods 

were also suitable since the structure of groups and communication is continually changing. 

As Gale (1990) points out, “the effects of technology on a group may take weeks, months, or 
even years before becoming apparent. These sorts of effects cannot be fully explored in a one 
hour experiment”.



Several modes of communication were observed during the study, such as co-located 

teamwork, telephone conferences, and videoconferences of different quality. Observations of 

co-located teamwork were carried out during a total of three weeks, while the Stanford team 

and the Luleå team were meeting face-to-face (two weeks at Stanford and one week in Luleå). 

Both synchronous and asynchronous distributed collaboration was observed continually 

throughout the study, even though this paper is focused on side conversations occurring in 

synchronous collaboration. 

It is worth mentioning that the distributed team, during the course of our study, got the 

opportunity to meet using SMILE! (Johanson 2002), a high-quality videoconferencing system. 

Equipped with wireless microphones, team members were free to walk around in their team 

rooms while still communicating with very high audio and video quality. These meetings 

were mostly very informal, and local side conversations were accepted to a greater extent, 

compared to other videoconferences and telephone conferences. However, despite the high-

quality communication channel that the videoconferencing system provided; there are still 

issues that remain to be solved.

Embedded one-on-one conversations: a hidden potential 

for distributed design teams? 
As noted above, we had the possibility to observe the design team in many different types of 

synchronous collaboration. The goal is not to make an extensive comparison between these 

different modes of communication, but rather to share our understanding of the role of side 

conversations in co-located design, and to emphasize that the potential of such conversations 

remains unutilized when moving into distributed collaboration.

Parallel conversation

The first example of embedded one-on-one conversations in the context of a group discussion 

concerns the way in which team members in a co-located, face-to-face setting are able to 

attend to a main discussion, while occasionally entering into parallel, more or less private 

conversations with a fellow team member. In the fieldnote excerpt below, the Luleå team and 

the Stanford team are having a face-to-face discussion about virtual pedal concepts during the 

Luleå team’s visit to Stanford. 

Figure 1: Parallel conversation in a face-to-face setting. 

Fieldnote excerpt #1 – Parallel conversation in a face-to-face setting:

…MB (Luleå) is describing a pedal concept. He gestures to emphasize his point, but JW 



(Stanford) uses the video game pedals on the table to clarify that he has understood MB 
correctly. SS (Stanford) and BC (Stanford) join in on the conversation and ask MB questions 
about his concept idea. MP (Luleå) seems eager to speak on the subject and requests the 
word by standing up, raising his arm and snapping his fingers. He gets the word explicitly 
from JP (Stanford), and goes over to the notice board to elaborate. However, MB and JW 
continue their conversation even though MP is now officially “in charge” of the main 
discussion. The other members pay attention to MP’s discussion … As soon as MB and JW 
are ready with their side conversation they return to the main discussion...

This example points to an aspect of communication that is natural in co-located settings. 

During the course of our study, we observed that team members devote most of their attention 

to the main discussion, but that they also engage in occasional parallel conversations when 

they feel the need to discuss a matter with someone without interfering explicitly with the 

main discussion. In this situation, MB was actually hosting the main discussion from the 

beginning. However, as MP took over the initiative, MB and JW continued to have a 

conversation in parallel with the main discussion for several minutes.  

Although such extended parallel conversations often can be considered impolite and 

disturbing, that was not a problem in the co-located discussions of this project. On the 

contrary, parallel conversations of this type were sometimes transformed into a main 

discussion. The other team members overheard parts of the parallel conversations and found 

opportunities to take an active part in the discussion, thus gradually bringing it to a main 

discussion. Few parallel conversations did actually interfere with the agenda; rather they 

added a creative dimension to the inherent formality of the agenda. Undoubtedly, there are 

suitable and less suitable times for such parallel conversations, but in the face-to-face sessions 

that we have observed, team members have had no difficulties making smooth and non-

disturbing transitions between a main discussion and parallel conversations. 

When working together in a distributed setting, parallel conversations were not as naturally 

intertwined in the discussions. In telephone conferences, they were very disturbing and team 

members refrained from having side conversations since they almost always introduced a 

visible ”breakdown” in the communication. Even in high-quality videoconferencing, side 

conversations were sometimes problematic, as exemplified in the fieldnote excerpt below 

where attempts to have local side conversations at the Stanford site were considered 

disruptive.

Figure 2: Parallel conversation in a distributed setting. 



Fieldnote excerpt #2 – Parallel conversation in a distributed setting:

…JW (Stanford) is talking to NG, MP and MB (Luleå) over the videoconference. TP, JP, and 
SS (Stanford) start having a local side conversation. JW is disturbed by continues to talk for a 
while, before he decides to wait for TP, JP, SS to join the discussion. ”OK, I got to wait for 
these guys…” … BC (Stanford) leaves her chair and starts a local side conversation at 
Stanford. JW is disturbed and decides to wait for the others to finish. ”Hold on one second…” 
… “I’m sorry, we’re not trying to have separate conversations here…”Why don’t we all just 
focus on having one conversation here, OK?”…

The observations briefly described above point out that although current communication 

technologies provide improved possibilities for global collaboration, the nature of teamwork 

shifts with the introduction of such technologies. Change is not always bad, but in the light of 

creative teamwork, extra formality and rigidity should not be introduced without special 

consideration.

Instant feedback
In addition to extended parallel conversations in face-to-face settings, we have also observed 

brief side conversations that are even less intrusive, and which also seem to serve a valuable 

purpose in design collaboration by enabling instant feedback. Among other things, these brief 

interactions provide a channel for instant feedback and they thereby promote a quick and 

iterative process for negotiation of shared understanding. A brief side conversation can be all 

that is needed to make sure that shared understanding has been reached, as exemplified in the 

fieldnote excerpt below. 

Figure 3: Instant feedback in a face-to-face setting. 

Fieldnote excerpt #3 – Instant feedback in a face-to-face setting:

…JP and JL are talking about JL:s concept. MP and NG join the discussion. They take quick 
turns when talking. MB is working separately, putting up another concept sketch on the wall. 
MP elaborates on another concept together with JP. On her way back to her seat, JL is 
having a very brief side conversation with MB. They clarify that they agree on the 
understanding of the concept …

In this situation, there was a rather obvious informality about the collaboration. Basically, it 

was a very open discussion about the different concepts that team members come up with. 

The turn-taking flowed very smoothly, and in contrast to the parallel conversation in fieldnote 

excerpt #1, there was no one “in charge” of the discussion. The communication was very 

subtle and nuanced, in the sense that the situation lacked in formality. In a way, it was a 



chaotic conversation, with team members talking more or less at the same time, in an 

unplanned, spur-of-the-moment style. If something was unclear or confusing, it was possible 

to get instant feedback without waiting for “your turn”. It is an example of an iterative mode 

of communication, which enables team members to find common ground through a rapid 

exchange of perspectives, thoughts, and ideas. Also, such brief conversations let team 

members discuss vague or crazy ideas that they might not want to discuss with the whole 

group before consulting a colleague first. 

Another type of instant feedback conversation was based on the fact that the Swedish team 

members were not as fluent in the English language as their American colleagues. This often 

resulted in brief conversations between two of the Swedish members, trying to make sense of 

a particular detail of the discussion. “What did he mean by that?” “What is the meaning of 

that word?” Such brief interactions were undoubtedly crucial for a common understanding.  

In our study, this type of instant feedback has been almost non-existent in the distributed 

settings. Informal, brief conversations and quick-fire responses were replaced by rather 

formal and extensive turns of speech where team members ask each other questions, and 

mostly receive elaborate answers. Distributed collaboration was characterized by team 

members “explaining to each other”, but in a global, cross-cultural product development 

project, the real creative power might very well lie in the ability of distributed design teams to 

“think together”. 

Discussion
On a general note, the addition of video in distributed collaboration has provided visual cues 

that help us make valid interpretations of each other’s actions in distributed settings. For 

example, the visual channel has proven to be useful for interpreting the meaning of pauses in 

conversation, something that often must be explained in audio-only conversations. (Isaacs and 

Tang 1994) The visual monitoring of remote activities makes it easier to make sense of not 

only speech, but also of body language and facial expressions. It has been suggested that 

remote collaborators are likely to have fewer misunderstandings and more effective 

interactions if they have the ability to communicate richer information more easily. (Isaacs 

and Tang 1994) 

However, even today’s advanced videoconferencing systems have not yet been able to 

recreate the “information richness” that we are used to in face-to-face interactions. (Hollan 

and Stornetta 1992) The physical closeness of people at the same videoconference site tend to 

make them more aware of their physical neighbours than of their video neighbours, and it is 

common to address people in the same physical room rather than people at the remote site. 

(Mantei, Baecker, Sellen, Buxton, Milligan and Wellman 1991) Among other things, this 

means that current possibilities to engage in private conversations within a public discussion 

is reserved for people in the same physical location. 

It has been observed that such private conversations are difficult in videoconferencing, much 

because people cannot address particular participants and because everyone uses the same 

audio channel. (Isaacs and Tang 1994) In face-to-face interactions it is possible to “open” a 

second audio channel, and the visual cues enable the other participants to understand who is 

participating in which conversation when. (Isaacs and Tang 1994) In videoconferencing, 

private conversations are often discouraged, but if they do occur, the other participants tend to 

wait for the conversation to become more general. (Ruhleder and Jordan 2001) In contrast, 

Isaacs’ observations of a face-to-face meeting with five persons highlighted that the 



conversation occasionally broke into two parallel conversations and then seamlessly 

transitioned back to a single conversation. (Isaacs and Tang 1994). 

Parallel communication can promote broader input and reduce the risk of few people 

dominating a meeting (Nunamaker, Dennis, Valacich, Vogel and George 1991), but even in 

face-to-face settings, side conversations can be seen as disruptive. Even if participants step 

outside the meeting room, everyone knows who is involved and may even be able to make 

sense of what they are talking about. (Ruhleder and Jordan 2001) In face-to-face meetings, 

side conversations, note passing, and body language is visible to other participants, and 

although they are generally discouraged, they may also be integral, very important parts of the 

overall event. (Ruhleder and Jordan 2001) 

Our findings have shown that we need to be careful to dismiss side conversations as 

disruptive elements only. We imply that side conversations are of great importance for the 

creative stage in product development. Parallel conversations were very common in creative 

sessions, such as a brainstorm, but were less common in administrative meetings, such as a 

budget discussion. Maybe the potential of side conversations in distributed collaboration has 

been lost because the majority of such meetings are characterized by formality and rigidity? 

Side conversations are vital in creating a common understanding between team members, and 

they enable a “chaotic”, but efficient, way of working on several ideas at the same time 

without forcing all team members to work on the same task. Also, these side conversations 

provide opportunities to explore vague ideas and alternative paths in a quick, informal and 

iterative way. 

A fundamental aspect that must not be forgotten when it comes to distributed collaboration is 

that the different types of side conversations must be supported in a way that enables cross-

site interaction. Even though high-quality videoconferencing makes local side conversations 

visible and understandable, it is almost impossible to have such side conversations with a 

remote team member. Hence, it is also difficult to fully utilize the creative power of a global, 

culturally diverse, design team.  

In a co-located brainstorm people are "thinking together" by using fragments of other’s ideas, 

gestures and drawings to create new ideas. This way of working is difficult to achieve in a 

distributed setting, due to the fact that many of the subtle informal communication channels 

are lost, and because much of the time is concentrated on making rather formal explanations 

to each other. When comparing co-located and distributed teamwork activities, it was evident 

that issues that were considered trivial in a face-to-face setting could turn out to be a major 

challenge in a distributed setting. For example, one of the team members pointed out the 

striking fact that they had “spent two and a half hours in a videoconference, trying to explain 
to the other team what they had agreed on locally in about five minutes before the meeting 
started”.

Shared understanding can sometimes be hard to achieve, since it relies on many different 

elements of human communication. Fundamentally, our findings suggest that the ability to 

engage in cross-site side conversations could add an extra dimension to distributed 

collaboration.



Conclusion and Future Work 
By studying a design team working together over a period of six months, we had the 

possibility to see how team members communicated in both co-located and distributed 

settings, and especially how the tools they used for distributed collaboration influenced their 

teamwork. 

In the study, we noticed that one-on-one conversations, held in parallel to a main discussion, 

were common in co-located teamwork and that they served as a natural part of creative 

teamwork. These side conversations were usually “private” conversations between two 

members, in the context of a larger meeting, and they were often used to clarify things and to 

discuss vague ideas or personal disagreements. In addition they were used instead of, or as a 

precursor to, bringing up a topic with the whole group, and seem to be very useful to promote 

shared understanding without having to interfere explicitly with the main discussion.  

Future work includes an effort to bring the findings of this paper into the design of 

appropriate technology, which can better support cross-site side conversations. A starting 

point could be to introduce instant messaging functionality and parallel audio channels as a 

complement to the visual channel. 
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ABSTRACT 
Industry globalization brings with it inevitable changes to 
traditional organizational structures. The notion of global virtual 
teams, working together across geographical, cultural and 
functional borders, is becoming increasingly appealing. This 
paper presents observations of how a team of designers negotiate 
shared understanding in the collaborative design of Virtual Pedals
for Volvo Car Corporation. Although the team was globally 
distributed during most of the development process, examples are 
drawn from collocated design sessions, since this enables careful 
examination of the multifaceted ways in which collocated 
designers use a wide variety of artifacts and techniques to create 
common ground. The findings highlight the situational and 
interactional characteristics of design collaboration and suggest 
that the addition of shared ‘objects to think with’ in distributed 
design environments could greatly facilitate global design teams 
in their collaborative process of ‘thinking together apart’. 

Categories and Subject Descriptors
K.4.3 [Computers and Society]: Organizational Impacts – 
computer-supported cooperative work.

General Terms 
Management, Performance, Human Factors 

Keywords 
Global design teams, distributed product development, 
collaborative design, common ground, shared understanding.  

1. INTRODUCTION 
A key need of the globalizing industry is to become more effective 
in globally distributed product development [24], which means 
that cost and time should be cut, while still meeting quality 
demands on an increasingly competitive market. Companies need 
to increase their level of competition through the use of a wide 
array of resources, such as production plants, consultants and 
educators, made accessible from any part of the world. However, 
while globalization means that costs and risks can be decreased, 

or shared in the case of collaborative projects [1], it also implies 
that changes in traditional organizational structures are necessary. 
Presently, there is a growing interest in creating global virtual 
teams, in which collaboration proceeds across time zones as well 
as across geographical, cultural and functional borders [11, 15, 
20, 25]. 

Work in global virtual teams places demands on both physical and 
virtual environments that support these geographically dispersed 
groups with regard to collaboration, communication and 
coordination. With longer distances between people, many of 
them with different responsibilities and activities within an 
organization, the members of the organization need to 
communicate efficiently despite the challenges that come with 
collaborating in a geographically distributed work environment. 
The diversity of such global virtual teams presents a problematic 
situation where “different participants within different object 
worlds with different competencies, responsibilities and interests 
speak different languages” [7]. 

A crucial concern for distributed design teams is to successfully 
deal with the process of reaching a shared understanding of the 
domain, the requirements, the object of work, the design process 
itself and the roles and commitments of team members [41]. 
Design is, according to Bucciarelli [6, p.187], “as much a matter 
of getting different people to share a common perspective, to 
agree on the most significant issues, and to shape consensus on 
what must be done next, as it is a matter of concept formation, 
evaluation of alternatives, costing and sizing”.

This paper presents an observational study of a collaborative 
design project, where members of a global design team, 
representing different object worlds [7], were working together to 
design Virtual Pedals for Volvo Car Corporation, Sweden.  
Although the majority of work was carried out in geographical 
separation, this paper draws from examples of their collocated 
design sessions in order to show how the team was ‘thinking 
together’, as opposed to the passive transmission and reception of 
information that was characteristic of their distributed design 
sessions.  

The paper does not approach the concepts of shared 
understanding, common ground and consensus as products of 
collaboration; it deals, instead, with the multifaceted process of 
sense making that designers go through while negotiating shared 
understanding and the implications this could have for the design 
of virtual and physical environments that adequately support the 
process of ‘thinking together apart’. 
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2. MAKING SENSE OF COLLABORATION 
Design collaboration is framed by the social world, and it is 
therefore impossible to independently interpret the nature of 
design specifications and artifact descriptions without 
understanding the social situation in which they were created [5]. 
Since design involves communication and interaction between 
individuals and groups in complex social settings, the social 
character of design activity is not separated from the technical 
results. Rather, it is continuously present in the meetings, 
discussions, arguments, debates and interpretations that make up 
the intricate weave that is design. As Minneman puts it, design 
could be seen as a “social construction of a technical reality”
[27, p.63]. 

The process of collaborative sense making is critical to successful 
design, and it also points to the importance of preserving 
ambiguity, providing team members with “the freedom to 
manoeuvre independently within object worlds and providing 
room for the recasting of meaning in the negotiations with 
others” [8, p.178]. 

With reference to design as being a social activity, successful 
collaboration requires the establishment of a shared 
understanding, or common ground, between team members. Clark 
and Brennan [9] use the term grounding to describe the process of 
making sure that what is communicated is also correctly 
understood. They further state that “all collective actions are built 
on common ground and its accumulation” [9, p.222], which 
emphasizes that common ground is continually built and rebuilt 
through the moment-to-moment interactions of team members. 
Such interactions can be found in many different forms, and they 
all impact the collaborative design process in one way or another. 
For example, Short et al. [37] describe aspects of visual 
communication that influence social interaction: “In normal face-
to-face interaction, the participants exchange in addition to the 
verbal material, a range of non-verbal cues such as facial 
expression, direction of gaze, posture, dress and physical 
distance” [37, p.153]. 

Making sense of design collaboration means that common ground 
must be achieved with respect to the relevance and meaning of the 
information brought forward during collaborative design activities 
[19]. 

2.1 Vocabularies of Design 
In a study of industrial designers making concept design sketches, 
Pan et al. [31] found that the designers used verbal language to 
describe the form of design in very individual ways; language that 
was not clear, consistent or commonly understood by others. The 
authors state that designers have a “creative vocabulary, which 
has rich meanings in design communication” [31]. In the context 
of global collaboration between diverse work groups the notion of 
a common vocabulary of design is very appealing. According to 
Hill [19], the success of design teams relies heavily on the ability 
of participants to “negotiate different design perspectives and 
specialties”, and “similarities in voice” are of particular 
importance when team members come from different disciplines 
and backgrounds. 

However, the idea of defining a common vocabulary of design 
seems to be more or less Utopian. Bucciarelli [7] notes that even 
though participants in design may share a common language, such 

as English, this language can be used in such specific ways that, 
in reality, it seems like a participant is speaking a different 
language: “Not different in the sense that for you, as a foreigner, 
a translation would make meanings clear…but different in that 
the concepts and ideas and relationships among the things of an 
object world require new learning, like the learning of a foreign 
language”.

Essentially, this means that design teams, global ones in 
particular, not only face the challenge of negotiating shared 
understanding between, for example, people with varying 
language proficiency, but they also face the challenge of 
negotiating understanding between people coming from 
completely different object worlds – depending on, for example, 
cultural and educational backgrounds and professional disciplines. 

I find negotiation to be a rather suitable term to describe the 
communication between members of a design team, largely 
because it implies that participants are actively shaping the 
context and content of the situation rather than passively 
transmitting and receiving information with a well-defined 
meaning within a well-defined setting. Sense making is a 
collaborative process, and as Bucciarelli [7] observes there is an 
inherent ambiguity of translations between object worlds, giving 
designers the all but trivial task of “frequently bringing the results 
of their object world efforts, which no doubt will conflict, into 
coherence if design is to proceed – and they must do this without 
a shared proper language”.

2.1.1 Storytelling 
One of the ways in which designers negotiate understanding is by 
telling stories. Storytelling enables them to explain, more 
specifically than through more formal accounts of work, what they 
actually do, as opposed to what they should do if following 
normative models of design [26]. Even if the stories do not 
directly solve a problem, they can help in building a shared 
vocabulary for talking about the design, creating “a new language 
capable of describing aspects of the evolving design” [26]. 

In a way, stories can enable designers from different object worlds 
to reach shared understanding through a commonly agreed story, 
to which they can refer, whether they choose to agree or not on 
specific subject matters. Stories are concrete examples that people 
from very different backgrounds can relate to, and since the 
informality of stories prevents us from taking them too seriously, 
they serve as a commonly available resource of knowledge, open 
for interpretation and questioning by all participants [12]. As 
observed in Orr’s [30] study of service technicians, stories can 
serve the purpose of preserving and circulating experience within 
a community and such narratives can provide a common frame of 
reference in problem solving activities. 

Another important feature of stories is that they can become 
vehicles for thought in the sense that while using them we not 
only explain things to others, we also explain things to ourselves 
[28].

2.1.2 Indexical Expressions 
While stories can be useful when making sense of design 
collaboration, there are other ways in which designers make use of 
representations, which means that they are working with marks or 
symbols that represent something else and then do their reasoning 



through the use of those marks [28]. Similar to the concept of 
storytelling, such representations provide designers with concrete 
examples that better match their thinking about the design task at 
hand; basically, they are using the available tools that best support 
negotiation between team members at a particular moment. 

In relation to the idea of a common vocabulary of design, it is 
important to acknowledge that some parts of such a vocabulary 
cannot, under any circumstance, be strictly defined. Designers, as 
other human beings, often use indexical expressions when 
communicating and such utterances “cannot straightforwardly be 
repeated or reused outside the context in which they originated, 
without changing their meaning” [23]. For example, the meaning 
of words such as ‘here/there’, ‘this/that’, ‘him/her’ or ‘now/then’ 
cannot be adequately understood without knowledge about the 
circumstances of the particular situation in which these utterances 
were made. 

2.2 Objects of Design 
Harrison and Minneman [18] observed that objects are integral to 
design communications since they form part of the pool of 
representations that are available to designers. These objects can 
be practically anything; for example a pen, a chair, a sketch, or a 
simple sheet of paper. In concept design, such objects are 
essential to collaboration because there is no ‘shared’ object of 
design that early on in the product development process [42]. 
Thus, a shared object must be constructed through collaboration 
in order to enable discussions around design options and tentative 
ideas. 

An important attribute of such coordinative artifacts [35] is that 
they are publicly accessible, which means that they can be 
observed, inspected and made sense of by all participants of a 
team [35]. Thus, common ground can be negotiated through the 
use of a physical object that is equally accessible, rather than 
trying to find common ground through verbal communication 
alone. 

The actual properties of objects being used by design teams are 
not necessarily optimal or entirely suitable for supporting design 
thinking [3]. In her study of design students using physical objects 
to prototype designs, Brereton [3] found that it is probably not 
possible to specify in advance what kind of object that would be 
suitable or desirable in a particular design situation: “The 
hardware was simply conveniently available and had some 
attribute that meant students found it helpful to gesture and think 
with” [3]. 

Donald Schön’s observations of designers reveal that when they 
are drawing sketches they are actually engaging in a 
“conversation with the materials of the situation” [36, p.79], in 
the sense that they first draw something, then they interpret their 
sketch, and then they continue to draw. Similarly, Gedenryd [16] 
observes that the process of drawing makes the designer think and 
generate new ideas in “stepwise reasoning-by-drawing”. It is also 
interesting to note that ‘rough’ prototypes that are created quickly 
are often preferable to more accurate prototypes because they 
allow for a quick exploration of the design space [16]. In this 
sense, “prototypes do not have a productive, but an inquiring 
purpose” [16]. Thus, the way that we understand and use an 
object is not simply restricted to the object in itself, but it is also 
closely linked to the ways in which the object is presented. Such a 

presentation often includes, in addition to verbal descriptions, 
elements of pointing, showing, and highlighting [17]. Tang [39] 
further acknowledges the importance of non-verbal cues in design 
collaboration: “Gestures, the process of making drawings, 
concurrent access to the drawing space, fluent intermixing of 
drawing space actions, and the ability to associate the marks with 
who is making them, all contribute to maintaining effective 
communication and collaboration” [39, p.258]. 

2.2.1 Conversational Props 
The inquiring purpose of using objects to promote understanding 
essentially means that designers look for physical artifacts that can 
help them both in their own thought process and in the process of 
communicating ideas to other members of the design team. Such 
objects are sometimes referred to as conversational props [4] that 
add an element of realism to a conversation. 

2.2.2 Boundary Objects 
Artifacts can also serve as mediators between different individuals 
or groups in that they “become the terrain on which conflicts and 
collaboration occur” [32]. When team members are from 
different object worlds, with different interests and goals, design 
artifacts can be seen and used as boundary objects [38] that are 
useful representations for all members of a diverse group, but that 
still could have a more specialized meaning to each member. 
Boundary objects “have different meanings in different social 
worlds but their structure is common enough to more than one 
world to make them recognizable, a means of translation” [38, 
p.393].

According to Bucciarelli [7], boundary objects or shared artifacts 
are essential even in situations where participants are from the 
same object worlds, since the analytic nature of proper language 
“hardly allows for the kind of experimentation and innovative 
thinking that designing requires”.

2.3 Places of Design 
The context of work also includes the rooms and places that 
designers occupy while designing. For example, team rooms or 
conference rooms are most likely equipped with ‘standard’ 
conversational props, such as whiteboards, flip charts and 
overhead projectors [34]. In situations where design teams occupy 
a room over an extended period of time, the writings and sketches 
on whiteboards and flip charts can serve as visible permanent 
records [40] of group activity and decisions. Also, project plans, 
agendas and ‘to-do’ lists are often posted in ways that make them 
visible and easily accessible to anyone at a glance [40]. 

Places can be seen as a collection of conversational props, and the 
spatial arrangement of these props is often very important. For 
example, Olson [29] observed that artifacts were often put up in 
the order in which they were produced, which in turn meant that 
participants “knew where to look for something because they 
knew when it was produced” [29]. Similarly, Kirsh [22] noted 
that places offer a lot of mechanisms that help individuals and 
groups to coordinate work, distribute tasks and manage the flow 
of information so that they are able, for example, to “recall why 
they left papers out, why folders are open, why there are certain 
marks on the whiteboards” [22]. 



In the collaborative shaping of common ground, it is useful to be 
able to focus attention on a shared object, and point to various 
places on it [29], but rather than the mere characteristics of a 
particular object, it is often the whole context of a room that 
enables such collaboration. For example, people can draw in the 
air to explain an idea to others, and they can later on refer to ‘that 
idea’ by pointing to the spot in the air where the first person had 
‘drawn’ the idea [29]. One of the foundations of the ‘perfect 
brainstorm’, according to the award-winning design firm IDEO, is 
that ‘the space remembers’ [21, p.59]. Spatial memory is 
powerful, and when idea sketches are spread all over a room 
“spatial memory will help people recapture the mind-set they had 
when the idea first emerged” [21, p.59] as they return to the spot 
on the wall where that idea was captured. IDEO is also famous for 
letting team members shape their own creative office spaces that 
are evolving, elastic, inspiring and even amusing [21]. 

3. CASE STUDY 

3.1 Virtual Pedals 
The case study to which this paper refers was carried out within 
the Distributed Team Innovation (DTI) framework, a 
collaborative project between the Polhem Laboratory at Luleå 
University of Technology, Sweden, and the Center for Design 
Research at Stanford University, USA. The overall aim of the DTI 
framework is to decrease the negative impact of geographic 
distance on product development efforts and to further enhance 
current advantages of worldwide, multidisciplinary collaboration 
[24].  

As part of the DTI framework, a global product development 
project was carried out by a distributed design team consisting of 
four students from the ME310 course at Stanford and four 
students from the SIRIUS course at Luleå. The goal of the project 
was to design Virtual Pedals for Volvo Car Corporation, taking 
into account the fact that the need for mechanical connections 
between pedals and actuators has disappeared with the 
introduction of drive-by-wire (electronically controlled systems) 
technology in the automotive industry. Such a pedal system could 
help eliminate foot injuries caused by mechanical pedals in the 
majority of frontal collisions, but it could also allow for position 
and feel adjustability, cost reduction and safer driver positioning.  

The design space was very wide in this particular project, and the 
only initial limitation was that the accelerator and brake should be 
foot controlled due to the force of driving habit. The Virtual 
Pedals project started in October 2001 and concluded in June 
2002 with a fully working prototype of an innovative foot 
interface that was installed in a Volvo S80 car thus enabling 
actual test-driving. Another prototype, complete with 
adjustability, was installed in a test rig for future investigation. A 
patent is pending. 

The observations presented in this paper originate from a total of 
three weeks of collocated work (two weeks at Stanford in mid-
January 2002 and one week at Luleå in late-March 2002). On 
both occasions, the design team was working with concept design, 
although the scope differed somewhat on these occasions. The 
work in January involved a lot of brainstorming and idea 
generating (divergent thinking), while the focus of the March 
sessions was to reach consensus on the final concept (convergent
thinking).     

3.2 Methods 
The observations of both collocated and distributed collaboration 
were carried out during six months of the seven-month student 
project. The goal was to study communication and interaction as it 
played out in actual design activities, as opposed to studying 
designers carrying out specific design tasks in ‘controlled’ 
settings. Drawing from the concept of ethnomethodology [10], it 
seemed important to try to understand design collaboration in the 
context in which it occurs.  

The study was performed using ethnographic methods such as 
observations, field notes and videotaping. [2] Apart from the 
intentions to strive for an ‘inside perspective’, ethnographic 
methods were also suitable since the structure of groups and 
communication is continually changing. As Gale [14] notes, “the 
effects of technology on a group may take weeks, months, or even 
years before becoming apparent. These sorts of effects cannot be 
fully explored in a one-hour experiment”. This is also one of the 
reasons why the team should be studied during both the divergent 
and the convergent phase of concept design. 

4. FINDINGS 
This section presents four fieldwork transcripts of design team 
collaboration within the Virtual Pedals project. These transcripts 
have been chosen as examples because they are representative of 
the activities that were observed during the course of the study. 
The main idea behind presenting and discussing these 
representations of collaboration is to point to how subtly, fluently 
and effortlessly designers negotiate common ground in collocated 
collaboration. In order to reach a shared understanding about 
concepts of ‘acceleration’, ‘braking’, ‘foot injuries’ and ‘gas 
travel’, they use a wide variety of tools for thought, including 
verbal language, physical prototypes, sketches, gestures and even 
their own bodies. 

4.1 Making Sense of ‘Acceleration’ 
The following transcript concerns a discussion that the design 
team had while the Luleå students visited Stanford in the 
beginning of January 2002. They are in the brainstorming phase 
of the concept design stage, and the team is trying to create 
consensus about how one of their concept ideas ‘really’ works in 
terms of acceleration. Figure 1 shows a snapshot taken as one of 
the students (SS) is describing the potential problem of 
accidentally accelerating and braking at the same time. 

Simplified transcript #1: ‘Acceleration’ 

SS: “It’s not with your heel off the ground [lifting 
right leg] though, he’s right [pointing at MP], 
it’s with your whole foot [lifting right leg again, 
holding it in the air]…even though you’re in this 
position, it’s your whole foot sitting there.” 

JW: “Your whole foot’s on the pad, right? [lifting 
right leg, pointing at the foot]” 

SS:  “Your whole foot’s on the pad…[nodding]” 

JW: “[pointing at his right foot, gesturing]…when 
you slide up, you’re still touching it but you 
don’t…you’re suspending your foot…except 



there’s a little friction [gesturing] keeping it 
there, but basically you’re just suspending your 
foot. 

SS: “I think that if you do that [right leg still in the 
air], and you have pushing [pushing motion with 
leg] for the brake also at the same time, that’s 
going to be difficult, because as you slide up 
[sliding motion with leg] you’re going to want to 
push in [pushing motion with leg] to hold it in 
place…” 

Figure 1. Making sense of ‘acceleration’. 

In this situation, SS is extensively using his right leg in order to 
imitate both the general driving position and the position of the 
foot in relation to the pedal. JW continues using the leg as an 
appropriate representation as he confirms that “the whole foot’s 
on the pad” by pointing to his own foot. Interestingly, what then 
follows is that JW is continuing his thought process while 
pointing to his own foot and making a gesture to imitate ‘friction’. 
This is similar to the “stepwise reasoning-by-drawing” observed 
by Gedenryd [16] in that JW actually seems to be making up his 
mind about the concept at the same time as he is in the process of 
visualizing this to the other team members. SS can then rather 
seamlessly connect to JW’s story and go further into the potential 
problems of simultaneous acceleration and braking. 

The excerpt highlights the interactional character of collaborative 
sense making since the participants are making use of gestures 
proposed by each other – thus negotiating a ‘language’ that makes 
sense to the members of the group in this particular context.  

Apart from serving the purpose of emphasizing and making sure 
that what is said is also being understood by all participants, the 
use of body language could also be a way for the designers to ‘get 
a feel’ for the use situation that they are designing for. In reality, 
driving a car involves many different parts of the body, and when 
discussing driving it is only natural to involve the human body as 
one of the many representations that could be used to enhance the 
understanding of what it is like to drive a car with Virtual Pedals. 

Note, too, that in Figure 1 the walls are covered with concept 
design sketches, the table is covered with prototypes and all kinds 
of ‘possibly useful’ objects, while prototypes of ‘paper bikes’ are 
hanging from the ceiling as a source of inspiration and innovation.      

4.2 Making Sense of ‘Braking’  
In the situation from which the following transcript is taken, the 
team is in the same brainstorming phase as above, but they are 
now trying to achieve a shared understanding of how the brake 
should be actuated in the concept idea that they are currently 
discussing. Figure 2 shows how one of the students (HA) is using 
a chair to convey his ideas to the other team members. 

Simplified transcript #2: ‘Braking’ 

HA: “...it must be possible to measure the force in this 
[pointing to the legs of a swivel chair]…and in 
an accident you can have this kind of…belt 
stretcher [gesturing to demonstrate a seat belt] 
attached to it so it…pulls it back [gesturing]…” 

MP: “Well, it does not have to move while you’re 
breaking [taking the swivel chair], ‘cause you 
know, you can be braking [pushing down on seat 
with right hand] by doing this…this could be 
actuating the brake [pushing with both 
hands]…” 

Figure 2. Making sense of ‘braking’. 

In this sequence a regular swivel chair has been adopted as an 
appropriate object to represent the car pedals. Looking only to 
what is being said, it seems rather strange to “measure the force” 
in the legs of a chair, but in the above context there is no question 
about what HA is referring to. HA is also performing a ‘seat-belt-
gesture’, maybe because he is not certain that he is using the right 
English term (since he is Swedish), or because he is unsure about 
whether the other participants will follow his train of thought 
(How does a ‘belt stretcher’ relate to car pedals?).  



MP is using another part of the chair to demonstrate how he 
thinks about the braking function. The flat and soft surface of the 
seat seems to match the properties that MP was searching for in 
order to make a suitable connection between the conversational 
prop and the concept of car pedals. 

The chair serves as a boundary object in the sense that it is used 
differently, for different purposes, by two members of the same 
design team. HA is using the legs of the chair to refer to the 
braking mechanism, while MP is using the seat of the chair 
because the properties, or affordances [28], of the seat suited his 
thinking about a ‘non-moving’ pedal.  

Basically, they used an object that was conveniently available and 
appropriate for the task. Common to both HA’s and MP’s 
behavior was that they ‘monitored’ the reactions of the other 
participants in order to make sure that their use of the 
conversational prop was understandable also to the others.  

4.3 Making Sense of ‘Foot Injuries’ 
The transcript below relates to a situation in the phase of concept 
design where the team was trying to converge into a final concept 
that would be installed in a vehicle. The session was held during 
the Stanford team’s visit to Luleå in late-March 2002, and 
although the team was in the latter stages of concept design, there 
were still important design choices to be made. In this situation 
the discussion concerned safety issues. In Figure 3, one of the 
students (JP) is using a notepad and his right hand to visualize a 
foot ‘slamming’ into the pedals in the event of a collision. 

Figure 3. Making sense of ‘foot injuries’. 

Simplified transcript #3: ‘Foot injuries’ 

SS: “…second topic is…you know…is the...having 
your foot flat [gesturing] on the pedal versus off 
[gesturing] of it…and having your heel on the 
ground…so there’s the potential of bending 
[gesturing]…and injuring yourself like that...” 

JW:  “…yeah, and I think, if your foot’s on 
[gesturing] the pedal…it’s just…I think that what 

we found is that if your foot is on [gesturing] the 
pedal it’s better for dynamic driving…and if 
your…you can have your heel off [gesturing] and 
stuck, it’s better for static.” 

JP:  “…is this the issue with having a flat surface that 
you…that you’re having your foot flat on the 
pedal [using notepad as pedal, right hand as 
foot], is it then…in an accident, if your foot’s a 
little bit away [puts hand away from notepad], 
it’s going to slam in [slamming hand into 
notepad]…whereas if you have an accident your 
foot’s already flush with the pedal [hand is kept 
flush with notepad]…it doesn’t go anywhere, it 
just presses in [pressing hand into the 
notepad]…is that, was that the issue we’re 
talking about?” 

SS:  “No, the issue we are talking about is [stepping 
up to the whiteboard, taking a whiteboard 
marker]…if your [drawing]… foot is … here 
[pointing/drawing] and here [pointing/drawing] 
…and like, let’s say the pedal’s over here 
[pointing/drawing]…and your toe’s here 
[pointing] and your heel’s here [pointing]…in 
an accident there’s a potential to flex [gesturing] 
like that…” 

The above transcript shows an example of a highly multimodal 
activity, where the designers make use of a wide variety of 
representations in order to negotiate shared understanding. Hand 
gestures are used to imitate ‘bending’ and ‘flexing’ of the foot, as 
well as comparing ‘dynamic’ versus ‘static’ driving. Also, JP is 
using a notepad that represents the pedal in his story, or scenario, 
of what happens in a collision.  

The story of ‘slamming the foot into the pedal’ was only one of 
the many stories related to injury mechanisms that the design team 
used during the course of the project. For example, there was also 
a ‘getting the foot trapped under the pedal’ story, as well as a 
‘contact with floor’ story. 

In the end of the transcript, SS is using the whiteboard to clarify 
what the ‘issue’ is, and it is interesting to imagine what it would 
be like to try to achieve shared understanding based only on his 
speech, without the ability to connect the indexical references 
(‘here’/’like that’) he is making to his sketches and gestures. 

4.4 Making Sense of ‘Gas Travel’ 
The last transcript is also from the sessions held in Luleå in late- 
March 2002. One of the students (HA) has brought forward a 
possible improvement of one of their earlier concepts, and he is 
trying to explain how the new design idea relates to the previous 
version with regard to the amount of ‘gas travel’ that is needed for 
the gas pedal. Figure 3 shows HA using a prototype as an aid to 
discussion, while SS is using the whiteboard to further clarify that 
they understand each other. 

Simplified transcript #4: ‘Gas travel’ 

JW: “So, in this [pointing at whiteboard] one you’re 
not actually moving your foot?” 



HA: “Yeah, you can make it move but using [pointing 
at whiteboard]…instead of this aluminium here 
[picking up prototype] you use some metal that 
[pointing at prototype] actually works as a 
spring, and you measure the…then you got the 
motion this [gesturing] way…” 

SS: “It’s equivalent to having like a compression 
spring underneath here [adding to a sketch on 
the whiteboard], right?” 

HA: “Yeah, but a compression spring is…you’ve got 
a lot of travel [estimating using thumb and index 
finger], you don’t need that much travel [once 
again using finger measure]...” 

JP: “We do need some travel…” 

HA: “Yeah … but you can use that for the [gesturing 
and pointing to prototype]…  I didn’t even want 
to take it up now…I have to test it…” 

JW: “I think we agreed like that … we definitely want 
like a couple of inches of travel for the gas, is 
that right?” 

SS: “Yeah, I think so…” 

HA: “I think just to control the gas you need maybe 
like this  [finger measure]…I think in a car it’s 
not much more than this [finger measure]…” 

SS: “That’s about an inch and a half…” 

Figure 4. Making sense of ‘gas travel’. 

In the situation above, the team is using a variety of objects to 
discuss around. The discussion starts from one of their earlier 
concepts, to which HA offers a possible improvement. Since 
common ground already has been reached about that particular 
concept, it is a suitable reference for further elaboration. JW starts 
by bringing up a fundamental difference between the two concepts 
– the amount of foot movement required to operate the gas pedal. 
HA points at the whiteboard to establish an explicit reference 

between the two different concepts, but in order to more clearly 
describe his thoughts about ‘gas travel’ he picks up one of the 
physical prototypes developed earlier in the project. He is using 
the prototype to illustrate both the actual position of the ‘spring 
material’ and the direction of motion when actuating the gas pedal 
with the foot. However, SS finds it more useful to add to an 
existing concept sketch on the whiteboard, possibly to point out 
that HA’s concept is not so much a completely original concept as 
it is a potential evolution of an existing concept.    

Ultimately, the discussion above is a way of getting a shared 
understanding of the amount of ‘gas travel’ needed rather than a 
rational process of selecting the actual machine part (spring/metal) 
that will deliver the expected behaviour. Even though the team 
benefited from the use of selection and rating methods, such as 
the Pugh concept selection method [33], there was much work 
involved in the building of a shared understanding about what 
‘ease of position adjustability’, ‘ease of control’ and ‘high level of 
comfort’ means in the context of this particular product 
development project.  

The different criteria that were weighted in the selection matrices 
have no distinct meaning that enables a ‘rational’ and ‘valid’ 
selection process regardless of context. The aspects of 
‘acceleration’, ‘braking’, ‘foot injuries’ and ‘gas travel’ described 
above are just some examples of how the design of an object is 
influenced by and through the multifaceted communication and 
collaborative sense making that take place between members of a 
design team. In this sense, the approximate finger measure 
provided by HA in the final transcript may very well be as 
important to the outcome as many of the parameters, forces and 
angles that have been carefully calculated and written down in 
specifications and other types of formal documentation.       

5. DISCUSSION AND CONCLUSIONS 
The findings from the observational study described in this paper 
serve two main purposes. First, they confirm previous findings 
that highlight the importance of viewing design as a social activity 
rather than as merely a systematic process of going from a set of 
initial requirements to an ‘optimal’ solution – using guidelines 
that are general to every type of design activity. Second, the 
findings imply the need to re-think the ways in which we support 
global design teams. Although advances in broadband 
videoconferencing systems show promising results of sending and 
receiving ‘hi-fidelity’ audio and video across continents, there is 
still an immense potential for improvement when it comes to 
designing virtual and physical places where global design teams 
can collaborate in more ‘natural’ ways than existing distributed 
environments allow. 

When making sense of Virtual Pedals, the members of the design 
team made use of just about anything that could help them 
communicate their ideas. Where verbal language was not enough, 
they used gestures, chairs, sketches, prototypes and all possible 
types of objects to visualize and describe what they wanted to 
‘say’. The negotiation of meaning also involved the telling of 
stories and an extensive use of indexical representations, which 
implied that knowledge of the context of work was extremely 
important for common ground to be achieved.  

The findings suggest that the essence of true collaboration is that 
team members are actually ‘thinking together’ rather than only 



exchanging information and opinions. Meaning is collaboratively 
constructed in the negotiations, discussions and arguments that 
designers continuously have in their everyday work, and the 
observations presented in this paper indicate that current technical 
systems for distributed design are still lacking support for many of 
the activities that ‘thinking together apart’ involves. 

Given that “physical objects live in one place” [13] it is 
appealing to be able to provide global design teams with 
collaborative environments that allow them, for example, to 
successfully negotiate shared understanding of how it ‘feels’ to 
drive with Virtual Pedals, or to shape consensus about concepts of 
‘comfort’ and ‘ease of use’, when only one of the sites has access 
to a physical prototype.  

While shared electronic media is useful and many times sufficient 
for distributed design, the addition of shared ‘objects to think 
with’ is an interesting approach to the further advancement of 
global design collaboration. 
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Abstract 

In response to the need for increased effectivity in global product development, the Polhem 
Laboratory at Luleå University of Technology, Sweden, and the Center for Design Research 
at Stanford University, USA, have created the concept of Distributed Team Innovation (DTI). 
The overall aim of the DTI framework is to decrease the negative impact of geographic 
distance on product development efforts and to further enhance current advantages of 
worldwide, multidisciplinary collaboration. The DTI framework uses a three-layered 
approach to the advancement of global collaboration; with product development, education, 
and research in dynamic and synergetic interaction. From our preliminary findings, we 
believe that the approach we have taken in the DTI initiative will make significant 
contributions to meet current challenges of distributed product development.

Keywords: Collaborative design tools, globalization, learning environments, distributed 
product development, work environment 

1. Introduction: distributed product development 

In order to cut cost and time, while still meeting demands on quality, many manufacturing 
companies need to raise their level of competition by making use of resources (production 
facilities, consultants, educators etc.) from all over the world. Global presence and activity is 
often considered a competitive advantage, and the diversity of cultures and competencies in 
such organizations are regarded as a big strength. In light of increasing globalization, a crucial 
challenge for distributed organizations is to make distance less of a concern. The challenge is 
even more crucial in the case of distributed product development because of the wide range of 
media and channels of communication such as sketches, notes, hardware, 3D CAD models, 
gestures, and voice that engineers use in order to bring ideas into concrete realization.  These 
media have been employed in activities such as brainstorming, simulation, computer aided 
design and hardware prototyping which traditionally took place in collocated settings and will 
now have to be distributed across time and space.  

Information technology and globalization will force far-reaching reforms in traditional 
production systems, in order to enable companies to cope with rapid changes while taking 
advantage of greater mobility and access to information. Companies’ expertise must be 
improved to help them deal with transitions to new products and new production technology, 
including sharply increased elements of IT, software and services. The emerging needs of the 
globalizing industry have been summarized by Bengt-Olof Elfström, Research Director at 
Volvo Aero Corporation, in the following question: “How will companies be more effective in 
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globally distributed development?” Further, Elfström presents five key areas, which give the 
requirements of global companies to increase the effectiveness in distributed collaboration; 

• Generating new concept solutions 

• Generating new knowledge 

• Implementing new methods and technologies in industry 

• Gaining access to educated persons with knowledge and experience of new methods 
and technologies 

• Recruiting of new engineers with knowledge and experience of new methods and 
technologies 

In this paper, we present the Distributed Team Innovation (DTI) framework, a joint initiative 
by Luleå University of Technology, Sweden, and Stanford University, USA, to investigate the 
future of global collaborative product development. 

1.1 Challenges of geographically distributed teams 

The geographical distribution of product development teams introduce a great variety of 
challenges, which fundamentally means that the goal of bridging distance has a lot more to it 
than “just” reducing physical distance. Challenges of geographically distributed teams 
include: 

• Time differences: Since team members may be located in different time zones, 
coordination of work is often difficult. Time differences can make it hard to schedule 
meetings or initiate contact, and the “window of opportunity” [1] for collaborative 
work can be very small due to a limited overlap in work hours. Thus, for many of the 
globally distributed teams, “time is distance” [2 pp.167-186]. 

• Cultural differences: Team members may come from different countries and cultures, 
and thus have different ways of talking, being and acting – they have different 
“cultural conditioning” [3] that influences how they perceive other cultures. 
Successful collaboration depends largely on team members’ ability to build trust, 
rapport, and respect to bridge the differences. The potential for conflict is great, 
especially if it is true that “trust needs touch” [4], and managing conflicts becomes a 
key factor for success [2 pp.213-233]. 

• Proximity: Even such a seemingly small physical distance as 30 meters greatly reduces 
daily contact and informal communication between collocated team members [2 
pp.57-80, 137-162]. Furthermore, as physical distance increases, the “information 
richness” [5] inherent in face-to-face communication decreases. Non-verbal 
information – such as facial signals, direction of eye-gaze, gestures, and posture – is 
more difficult to interpret accurately [6].  

• Awareness: Collocated team members often communicate very informally, which 
enables them to rapidly and continually exchange information, monitor progress, and 
learn about what others are doing [7]. They get a general sense of who is around 
(awareness about people) and what they are doing (awareness about process). 
Maintaining awareness across distance is crucial for successful collaboration.  

• Communication latency: A common problem of cross-site communication is the delay 
in the resolution of work issues [8]. Issues that would be resolved in minutes or hours 
in a collocated setting can take days or weeks in a distributed situation due to 
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difficulties to find the right person, initiate contact, and discuss possible solutions. The 
communication latency also makes the flow of ideas less fluid. 

• Mobility and heterogeneity: As people tend to become less bound to particular offices 
or desktop computers [9], there are difficulties not only to initiate contact with people, 
but also to communicate via a wide range of technical platforms (e.g. laptops, PDAs, 
mobile phones) and different operating systems and applications. 

1.2 Opportunities of geographically distributed teams 

Although making global collaboration work involves immense challenges, there are also 
significant opportunities that come with geographical distribution, some of which are: 

• Time differences: The use of a global work force allows for 24-hour design [10] and 
offers potential to accelerate development cycles by combining teams from different 
time zones, with different degrees of overlapping work hours. 

• Cultural differences: Differences in, for example, culture, education, organization, and 
work methods allow for multiple perspectives on ideas and offer potential for new 
ideas leading to innovation. When considering social processes as crucial for 
successful design, diversity in all forms will add to the creative power of the global 
team [2 pp.407-430, 11, 12]. 

• Market closeness: When product development is not restricted to one physical 
location, companies will be able to harness local markets while still making use of the 
required resources and expertise available world-wide. This allows for closer and 
stronger relationships with, for example, customers, distributors and retailers.  

• Proximity: As physical distance increases, tacit knowledge (e.g. intuition, individual 
perception, rules of thumb) is not as easily spread through informal communication 
channels, and must therefore be made more explicit in order to be used throughout the 
company. The extra effort of ”globalizing local knowledge” [13] could very well 
prove to be a competitive advantage for distributed companies. Further, geographical 
distribution could lead to a better mix of individual and collaborative work, since 
collocated work is often characterized by a lot of meetings and disruptions [2 pp.83-
110]. 

• Mobility and heterogeneity: Collaboration is no longer dependent on the availability of 
a single physical space, the co-presence of team members, or a specific technical 
platform. Product development not only becomes increasingly global, but also 
increasingly mobile. 

The potential for distributed product development is great, but to realize that potential we 
need to intensify our research efforts in order to turn challenges into opportunities, and to 
further advance the possibilities for successful global collaboration. 

2. Distributed Team Innovation 

In response to the need for increased effectivity in global product development, the Polhem 
Laboratory at Luleå University of Technology, Sweden, and the Center for Design Research 
at Stanford University, USA, have created the concept of Distributed Team Innovation (DTI). 
The overall aim of the DTI framework is to decrease the negative impact of geographic 
distance on product development efforts and to further enhance current advantages of 
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worldwide, multidisciplinary collaboration. There are many different ways of dealing with 
these issues. One way is to focus on the development of distance-spanning technologies that 
better fits the needs of geographically distributed teams. Another way is to focus on the 
development of design methods that are more appropriate for global settings. Undoubtedly, 
both these approaches are highly relevant when it comes to improving the possibilities for 
successful global collaboration. In order to forcefully deal with any issue of globalization in 
product development, we first have to increase our understanding of what global product 
development really is about - global product development calls for global paradigm in 
research and education. If we, as design researchers, want to learn more about global product 
development, we need to closely study global development projects. If we, as educators, want 
our students to gain experience of global design collaboration, we must give them the 
possibility to work extensively in such projects. Furthermore, to ensure the validity and 
usefulness of our research and education efforts, we need to make sure that these global 
projects are highly relevant from an industry perspective [14]. At the intersection of academia 
and industry, there is a seemingly endless debate about whether academic research has any 
industrial relevance, and whether there exists a fundamental mismatch between engineering 
education (as “taught” in academia) and engineering practice (as “performed” in industry) 
[15]. 

The issues of global product development were investigated using the context of a real-world 
product development project with Volvo Car Corporation and Volvo Aero Corporation as 
sponsors. As objects for the research were two teams of students; one team of four students 
from the ME310 course at Stanford, and one team of four students from the Sirius course at 
Luleå. Using the latest technology and methods for communication over large distances, 
participating teams experienced global design collaboration, supported by professional 
coaches, corporate liaisons and faculty advisors. Thus, the perspective of the DTI framework 
is multifaceted; with product development, education, and research as equal and mutually 
beneficial parts of a creative process. It is not only a case of students learning as they go about 
developing a product – it is also a case of developing methods and work practices for global 
collaboration, creating virtual and physical environments that support this way of working, 
and last but not least, building an educational framework that prepares the students for 
innovative teamwork on a global arena. 

2.1 Objectives and methods 

The Distributed Team Innovation framework uses a three-layered approach to the 
advancement of global collaboration; with product development, education, and research in 
dynamic and synergetic interaction. The following sections describe the objectives of each 
“layer”, and the methods used to pursue our goals. 

2.1.1 Product development 

The funding provided by Volvo Car Corporation and Volvo Aero Corporation is based on a 
partnership model between academia and industry that involves return on investment through 
innovative concept solutions, knowledge transfer, new methods and technologies for 
distributed product development. Also, the partnership gives them access to potential 
employees with unique competence of their organization, process and products as well as 
experience of global product development. 

• Volvo Car Corporation: Hans Folkesson, Senior Vice President of R&D, claims that 
their commitment to the Sirius/ME310 course is “an outstanding example of co-
operation between university and industry. We work with enthusiastic students who 
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solve problems from new angles whilst we contribute with our industrial expertise and 
experience. In this co-operative project, the students get to work in a real development 
process, work towards a given goal and develop an idea for a product, whilst at the 
same time being constrained by time, resource and cost limits. This is a valuable 
experience that the students take with them to industry.”

• Volvo Aero Corporation: Professor Bengt-Olof Elfström, Research Director, states 
that the Sirius/ME310 project ”is an important part of Volvo Aero Corporation’s 
technology and competence development as well as our recruitment strategy. In the 
future we expect to see even greater emphasis placed on early product development, 
creativity, and the use of virtual and distributed product development tools.”

2.1.2 Education 

Global product development requires engineers to collaborate in geographically distributed 
teams. Thus, higher education needs to prepare engineering students for work in such world-
wide projects by letting them experience global design collaboration, in the context of real 
industry problems. 

• ME310 is a three-quarter graduate sequence where student design teams work with 
corporate partners on design innovation projects. Teams gain hands-on experience 
working on industry sponsored projects, with significant budgets, to develop prototype 
products. The design environment of the course is purposefully modeled after 
situations faced by many engineers and designers in industry. The students learn to 
work in global, multi-disciplinary, and collaborative design teams.  Past sponsors of 
ME310 projects have included major automotive companies, such as Ford, Volvo and 
Toyota, consumer product companies, such as Schick and Siemens, small 
entrepreneurial startups, such as Immersion and Virtual Technologies Inc, and large 
non-commercial entities such as NASA. The approach to design in the course can be 
characterized as rapid prototyping with multiple iterations. It is based on the 
understanding that students come to the course with sufficient world experience to 
challenge the stated client requirements, build solutions to meet revised objectives 
using easy-to-prototype materials, and learn important and strategic lessons from the 
success or failure of these early attempts. Even though the final project report is not 
due for another seven months, the students are expected to write a preliminary final 
report after the first month. This report is expected to contain at an appropriate level of 
detail, information about the requirements, the design, the testing and the 
manufacturing. An updated version of this report is also expected after four months of 
work. Our research suggests that this rapid interplay of physical and abstract work is 
critical for creative work and for deeper understanding of the subject matter [16, 17].  

• The Sirius course at Luleå University of Technology is the final-year course in 
product development for engineering undergraduates studying towards a MSc. in 
Mechanical Engineering. Sirius involves teams of students carrying out a product 
development project in close co-operation with an industry partner. The modular 
nature of engineering degrees at Luleå University of Technology also makes it 
possible for students studying other, complementary disciplines to participate in 
Sirius. The varying background of the students provides a wide knowledge base in the 
project groups and an opportunity to gain understanding of the complementary 
relationship between different engineering disciplines. The product development 
process in Sirius is based on the systematic approach to engineering design [18, 19] 
and CAD-tools and simulations are an important part of the verification process. 
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2.1.3 Research 

The research part of the DTI project was performed as a case study of collaborative design in 
both collocated and distributed settings. The understandings derived from the fieldwork were 
used as a basis for an iterative design of supporting virtual and physical environments. 

• Case study: The goal of the case study was to investigate communication as it was 
played out in a real-world product development activity. Drawing from the concept of 
ethnomethodology [20], we felt it important to try to understand things in the context 
in which they occur, without making assumptions about what modes of 
communication could be useful for successful collaboration. The study was performed 
using ethnographic methods such as observations, field notes and videotaping [21 
pp.123-154]. Several modes of communication were observed during the study, such 
as collocated teamwork, telephone conferences, and videoconferences using tools of 
different quality. Both synchronous and asynchronous distributed collaboration was 
observed continually throughout the study. The qualitative approach was combined 
with quantitative data derived from system log files.  

• Participatory Design: Since the distributed team consisted of relatively few members, 
there was a great opportunity to further adapt the general research concepts derived 
from the case study in close collaboration with the users. Rather than seeing users as 
passive sources of information, techniques for Participatory Design [21] were used to 
actively involve the users in the system design. The virtual and physical environments 
designed and re-designed within the DTI project is further described in section 2.3. 

2.2 Distributed development of ”virtual pedals” 

A team of four students from the ME310 course at Stanford and a team of four students from 
the Sirius course at Luleå joined as a distributed team with the goal to design “virtual pedals”, 
taking into account that the need for mechanical connections between pedals and actuators has 
disappeared with the introduction of drive-by-wire technology in the automotive industry. A 
drive-by-wire system can eliminate the foot injuries that mechanical pedals cause in the 
majority of frontal collisions, but such a system can also allow for position and feel 
adjustability, cost reduction, and safer driver positioning. The design space for the project was 
very wide and the only limitations were that the accelerator and brake should be foot 
controlled, taking into account the power of habits. The project started in October 2001 and 
ended in June 2002, after seven months of global product development, education, and 
research.  

2.3 Technology support 

During the course of the project, the nature of collaboration changed depending on what tasks 
the distributed team needed to perform within the different project phases (benchmarking, 
concept design, detail design etcetera). Thus, the team needed to use different communication 
channels that were well suited for the task at hand. Many of the communication tools were 
web-based in order to support mobility without the need to install different applications at 
each place (home/project space/workshop).  

2.3.1 Formal communication 

For formal communication the team mainly used e-mail, telephone conferencing, and 
videoconferencing with different quality levels. For high-quality videoconferencing they used 
the Confero [22] system, which is IP-based and designed for broadband use. In the early 
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concept phase - when much information gathering was done regarding existing systems, 
patents, and research about foot injuries - DocuShare [23] from Xerox was used to store and 
categorize information. In the detail design stage, more of the information exchange 
concerned CAE models, animations, and video clips of hardware prototype testing. 

2.3.2 Informal communication 

A web-based collaboration tool called the Contact Portal [1] was developed in order to 
support informal communication and information sharing. The Contact Portal combines 
several information channels; awareness cameras, instant messaging, Short Message Service 
(SMS), and asynchronous tools such as diaries, e-mail archives and document servers in one 
place. 

2.3.3 Physical environments 

To enable collaborative work not only the tools and methods is needed, also the physical 
environments in which the users collaborate must be adapted to the users and their needs. The 
Stanford team members used the ME310 Loft as their primary project space. The design of 
the Loft allows for close interaction between different design teams, and is also equipped with 
workstations, printers, awareness cameras, as well as conferencing facilities. For prototyping 
and fabrication, the Product Realization Laboratory (PRL) was used. The Luleå team 
members used the Distributed Team Room (DTR) as their main project space, which evolved 
during the course of the project. The DTR is equipped with a high quality audio system and a 
plasma display for conferencing. All team members can move around freely with the use of 
wireless microphones – enabling them to go to the whiteboard and sketch during a 
videoconference, without degrading the audio quality. The wireless microphones also 
decrease the risk of getting audio feedback from the loudspeakers. The Sirius workshop was 
used for prototyping and manufacturing. 

3. Results 

The primary results of the DTI approach points to considerable contributions in all three focus 
areas; product development, education, and research. Innovative concept solutions are 
generated by tomorrow’s engineers, who gain invaluable experience and knowledge of global 
collaboration in the context of real-world product development projects. Also, the 
understanding of global teamwork is improved, and thus the possibilities for designing 
appropriate technology support. The following sections briefly describe the results in each 
area:  

3.1 Product development 

The final prototype, called the MonoPedal II, fully integrates a position adjustability system, a 
foot interface, sensing electronics, and software. Testing of the pedal in a simulator at 
Stanford revealed that the MonoPedal II is better than traditional pedals in certain areas such 
as reaction time and on par with traditional pedals in other areas such as comfort and control. 
The team completed the project by providing Volvo with two prototypes; one where the foot 
interface system was installed in a Volvo S80 car, allowing for actual test driving, another 
MonoPedal II system, complete with adjustability, was installed in a test rig for future 
exploration. Patent is currently pending.  



8

3.2 Education 

The student project received the top grades at both Stanford and Luleå, in competition with 
several fully collocated projects. The project also received the “Best of Program Award” in a 
national design competition arranged by the James F. Lincoln Arc Welding Foundation. 

3.3 Research 

The DTI framework has enabled us to approach many of the challenges of distributed teams, 
such as awareness, communication latency, and mobility, while taking advantage of the 
benefits of team diversity and distribution in time and space. The research findings derived 
from the ethnographic case study described in section 2.1.3 are discussed in detail in [1] and 
[24], where the main findings indicate that the informal information flow between remote 
team members was very low compared to the informal interactions between local team 
members. To address these issues, some tools were developed, such as the Contact Portal [1], 
acting as a natural starting point for initiating and maintaining contact with remote team 
members. The features of the Contact Portal also promoted awareness and shared 
understanding since team members were allowed to monitor progress at the remote site, while 
having the possibility to resolve issues in a rapid, opportunistic way. The high-quality 
videoconferencing capability enhanced the ability to understand body language and other 
non-verbal information, making physical proximity less of a concern compared to telephone 
conferencing and low-quality videoconferencing. In the study, we also noticed that one-on-
one conversations, held in parallel to a main discussion, were common in collocated 
teamwork, and that they served as a natural part of creative teamwork [24]. Current systems 
for distributed collaboration can not provide sufficient support for these subtle interactions, 
which has important implications for supporting and improving the performance of global 
teams by suggesting that the one-to-many channel of today’s videoconferencing is severely 
limiting, despite the current advantages of high-quality audio and video. 

4. Discussion and future work 

Given that the product development projects in ME310/Sirius typically last 9 months, 
research ideas can rapidly be tried out and integrated into the DTI framework.  These fast 
implementations and iterations are often difficult to do within industry due to, for example, 
company policies and regulations. The current wisdom is that teams need to meet with each 
other physically. Can this be avoided? One of our goals is to work on distributed social 
activities that can replace this need for travel. If we can do this, distributed product 
development can scale up significantly. Further, our findings suggest that we can also learn 
more about local collaboration by “breaking up” collocated teams. By assigning teams with 
distributed coaches, we will be able to investigate the role of coaches in distributed 
collaboration. Another important aspect is that of hardware; we can easily share the geometry 
of a pedal concept, but how do we share the “feeling” and “experience” of driving with these 
pedals without having physical prototypes at each site? A possible approach to investigate 
within the DTI framework is a distributed driving simulator with hardware-in-the-loop.

5. Conclusions 

The real user experience is undoubtedly the best way of learning distributed collaboration. To 
reach out to the industry with the research, a good way is to get the research tools and 
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methods into the engineering design education and the DTI project has been a good example 
of such knowledge transfer. The collaboration tools of today; broadband conferencing, shared 
applications and whiteboards can support formal meetings to a certain extent. Supporting 
informal meetings and distributed social activities is still an issue of great challenge. From our 
preliminary findings, we believe that the approach we have taken in the DTI initiative will 
make significant contributions to meet this challenge. From an industry standpoint, Professor 
Bengt-Olof Elfström from Volvo Aero Corporation concluded that the initial DTI project very 
well met with the five requirements stated in the introduction of this paper. 
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The idea of an engineering design team as a closely knit, physically co located
community is dissolving as companies become increasingly geographically dispersed.
Engineers work together with more people than ever before, but often with very
limited knowledge of who they are actually working with, what their collaborators
know, and to what extent they can be trusted. Engineering design is a domain where
good decision making is absolutely critical, and building social capital is particularly
significant since engineers deal with inherently ambiguous requirements and
problems. The fieldwork presented below suggests that ‘Know Who’ is a key
dimension of expertise sharing in distributed collaborative engineering.

Keywords: Collaborative design, globalization, teamwork, social capital, know who

his paper, motivated by the growing globalization of companies working with 
product development, addresses the pressing need for such companies to improve
how their engineering design teams communicate across locations, time zones, and 

corporate boundaries. In a highly competitive business environment, costs and lead times
are often reduced by extensive outsourcing, through which resources are dispersed cross-
continent for the company to obtain the best value for money. Business mergers and 
acquisitions are increasingly followed by geographical diversity, and when considering the 
benefits of sharing product and technology platforms with global partners, there are 
apparent incentives to facilitate and further advance the collaborative work activities of
global engineering design teams.

T

The paper aims to illustrate why the notion of social capital is particularly appealing to 
companies working with engineering design on a global scale.

“Social capital consists of the stock of active connections among people: the 
trust, mutual understanding, and shared values and behaviors that bind the 
members of human networks and communities and make cooperative action
possible.” (Cohen and Prusak, 2001, p. 4) 

Briefly stated, social capital is a side-effect of social interaction. It is a fundamental
resource for value-creation, since productive communication patterns and trust between 
team members is crucial for their ability to create a shared understanding and for their 
willingness and motivation to share information, knowledge, and expertise. In engineering,
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social capital is particularly important since engineers fundamentally deal with ambiguous
requirements and problems, which means that trust in people and expertise is essential to
successful decision-making. Viewing engineering design as a domain where good decision-
making is critical, this paper builds on the argument that rich social capital has a positive
influence on decision-making, while poor social capital has the opposite effect. By using 
examples from an ethnographic study of day-to-day collaboration in the automotive 
industry, this paper will report on how the engineers rely on social relationships to carry out
their work; to find out ‘who knows’, to figure out ‘who to trust’, to negotiate shared 
understandings, and to bridge gaps between different domains of expertise. The paper will 
show in detail that these engineering designers depend heavily on their social capital to 
perform their work well, and it will discuss why improving ‘social connectedness’ between 
members of a distributed design team could be a key to better design team performance.

1 Background: The Case for Social Capital 
The notion of social capital is probably most well-known in the form of Putnam’s (2000) 
historical analysis of America’s declining social capital, where he argues that the
considerable decline in civic engagement over the last decades is highly related to a 
simultaneous decline in social connectedness. Civic engagement can, for example, be 
measured in terms of voting turnout, trust in government and membership in voluntary 
organizations. Putnam, however, uses bowling as a primary example and observes that 
although the total number of bowlers in America actually increased by ten percent in a 
thirteen year period, the bowlers participating in leagues had declined by 40 percent in the 
same period. So, even though people were bowling more, Putnam noted that they were 
increasingly ‘bowling alone’. Despite being a concept primarily used within the disciplines
of economics, sociology and political science, social capital is now finding its way into
engineering design and product development. The main reason why product development
organizations would want to know more about what social capital is about and how to build 
it is that they are currently experiencing a trend that has interesting similarities to Putnam’s
analysis of bowling. Engineering designers, and others working with product development,
are continuously expanding the number of teams and projects they are participating in, and 
they are working in a global context to a far larger extent than only ten years back. 
Ultimately, engineers are faced with a situation where they are working together with more
people than ever before, but often with very limited knowledge of who they are actually
working with, what their collaborators know, and to what extent they can be trusted. The 
idea of an engineering design team as a closely knit, physically co-located community is 
rapidly dissolving as companies are realizing the Virtual Enterprise vision, where networks 
of independent companies, including suppliers, customers and even competitors are 
“…linked by information technology to share skills, costs, and access to one another’s
markets. It will have neither central office nor organization chart. It will have no hierarchy,
no vertical integration.” (Byrne, 1993) 

1.1 The Illusion of Communication 
Global engineering design teams are unmistakably communicating through technology, 
computers and an ever-increasing variety of information systems, but even though 
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communication happens, there are many doubts about whether or not they communicate the 
‘right’ information, to the ‘right’ person, at the ‘right’ time. Moreover, it is important to 
recognize that just because a message has been sent it does not automatically mean that it 
has been correctly understood at the receiving end (Clark and Brennan, 1991). This 
‘illusion of communication’ was commented upon by Alan Mulally, the director of
engineering for Boeing’s 777 project, who noted that we often make the mistake of 
assuming that others understand things as we understand them, and that just because 
something has been spoken, it has also been understood. Mulally stated that “…it’s the 
interaction that will allow everybody to come to a fundamental understanding.” (Sabbagh, 
1996) Similarly, research on software engineering teams (Blekinge Institute of Technology) 
has implied that, in some circumstances, you need to understand the persons ‘behind’ 
documents in order to really understand the meaning and importance of the documentation.

We should be clear that the point is not to assert that the technology-mediated information
exchange is a useless endeavor, for without information there would not be much to discuss 
in the first place. Rather, it is to suggest, along with Cohen and Prusak (2001) that effective 
information exchange in itself is not likely to solve the communication problems that global 
organizations face. We need complementary approaches, and we need to acknowledge that 
”…the problem is not just too much information, but information driving out social talk, or 
conversation.”  (Cohen and Prusak, 2001, p. 106) 

Based on his experience as a coach for global student projects between Stanford University 
and companies and universities across the US and Europe (including Luleå), Van der Loos 
(2005) recently commented on the currently flawed perception of distant partners and the 
work they do, which might be a consequence of a too strong focus on the process, the 
project, and the product while often forgetting that there are people who are supposed to 
negotiate a shared understanding of these concepts.

“Current distributed teams communicate by using what amounts to night-vision 
goggles into the worlds of the distance partner: total tunnel vision, fragmented
in time, highly focused on the design project, not the design partners.” (Van 
der Loos, 2005)

Attaching greater significance to the relations and interactions between people resonates 
well with the notion of Communities of Practice, which is defined by Wenger et al (2002) 
as “…groups of people who share a concern, a set of problems, or a passion about a topic, 
and who deepen their knowledge and expertise in this area by interacting on an ongoing 
basis.”
This definition leads us to draw a distinction between communication and community,
because even though distributed design teams essentially share a number of concerns or 
problems, they have for the most part not achieved enough shared understanding or trust to 
actually function as a true distributed community of practice when addressing these 
concerns. Fundamentally, there is not enough mutual awareness to support the articulation
work (Schmidt and Bannon, 1992) of distributed teams, which involves the ways in which 
team members continuously monitor each other’s activities to determine how they need to
adjust their own activities to mesh well with the unfolding work of their colleagues 
(Schmidt and Simone, 2000). 
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1.2 Social Connectedness: From Know-How to Know-Who 
There are numerous different typologies and classifications that are intended to shed some
light on what knowledge ‘is’ and how it can be created and shared. For example, Polanyi 
(1966) uses the concepts of explicit and tacit knowledge to make a distinction between 
knowledge that easily can be described in documents and knowledge that we cannot 
articulate or codify but still are able to express in action. Similarly, Ryle (1984) observes a 
distinction between know-what (i.e. facts) and know-how (i.e. skills), where the latter
concept can be seen as “…the particular ability to put know-what into practice.” (Brown 
and Duguid, 2000, p. 91) To more clearly frame the notion of social capital as a key to 
successful collaboration in globally distributed teams, I would also like to paraphrase the 
categorization of knowledge provided by Quinn et al (1996): 

Cognitive knowledge (Know-What): The basic mastery of a discipline that can be 
achieved through extensive training and certification. 

Advanced skills (Know-How): The ability to apply the rules of a discipline to 
complex real-world problems.

Systems understanding (Know-Why): The deep knowledge of the web of cause-and-
effect relationships underlying a discipline. 

Self-motivated creativity (Care-Why): The will, motivation, and adaptability for
success.

Although applicable in both a group and an organizational context, these four dimensions
are mostly associated with personal qualities. An underlying principle of social capital is 
that it does not deal with properties of individuals; it deals instead very closely with the 
connections among these individuals. As such, it takes interest in the mutuality of social 
interactions and it implies that although individuals might possess the personal qualities 
outlined above, this does not directly result in a rich social capital – much since these 
individuals may have very different possibilities to mobilize the appropriate social
networks (Putnam, 2001). Since it probably is acceptable to argue that nobody can know 
everything, it seems only reasonable that people rely on other people in order to gain the 
knowledge they are in need of. ‘Knowing how’ to do something and ‘knowing who knows’ 
thus depends heavily on social interaction between people, but in the era of Virtual 
Enterprises this poses a serious challenge since the ease of connecting to and asking other 
people depends on the social, geographical and temporal distribution of knowledge 
(Randall, O’Brien, Rouncefield and Hughes, 1996). 

In the words of Cohen & Prusak, the notion of social capital suggests “…appropriate
organizational investments – namely, giving people space and time to connect, 
demonstrating trust, effectively communicating aims and beliefs, and offering equitable 
opportunities and rewards that invite genuine participation, not mere presence.” (Cohen 
and Prusak, 2001, p. 4] 

Apart from ‘knowing who knows’ and knowing how to best access these resources there is 
also a matter of actually trusting the information that these people provide. This is closely
related to the ‘illusion of communication’ described earlier, in the sense that you need to 
know more about the people ‘behind’ the information in order to know that you have 
understood it correctly and that it satisfies your needs. Trust is essential to social capital and 
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the relationships and mutual commitment that underpins social capital would not exist 
without a reasonable level of trust. (Cohen and Prusak, 2001, p. 29) Anselm Strauss’s 
(1985) citation of an experienced oncologist well exemplifies the importance of knowing 
the source of information in order to decide the usefulness of the information:

“I think you just learn to know who you can trust. Who overreads, who 
underreads. I have got X rays all over town, so I’ve the chance to do it. I know 
that when Schmidt at Palm Hospital says, ‘There’s a suspicion of a tumor in 
this chest,’ it doesn’t mean much because she, like I, sees tumors everywhere. 
She looks under her bed at night to make sure there’s not some cancer there. 
When Jones at the same institution reads it and says, ‘There’s a suspicion of a 
tumor there,’ I take it damn seriously because if he thinks it’s there, by God it 
probably is. And you do this all over town. Who do you have confidence in and 
who none.”

This is an example of ‘bias discounting’ (Cyert and March, 1963), which basically means
that people assess the value of information based on the perceived credibility of the source. 
(Cicourel, 1990) Also, this points to the view of trust as a function of a relationship, rather 
than a fixed ‘quality’ that anyone can just discover. For instance, “…we can trust a person 
to do the job on time, but the same person might not be trusted when it comes to informing 
other members of the team.” (Cohen and Prusak, p. 31) Another concept that is very 
relevant to social capital is ‘knowledge brokering’ (Hargadon, 1998), which is the process 
of taking ideas and experiences from one context and adapting this knowledge to fit a new 
context, for example by realizing that research results in the area of composite materials
could be directly applied to the development of high performance sports equipment. In 
more general terms, knowledge brokers provide a link between those who are in need of 
information and those who have that information.

To conclude this section, I would like to introduce a fifth knowledge category that could be 
added to the four that Quinn et al (1996) provide. This category has emerged from the 
fieldwork that will be discussed in greater detail below, but I choose to present it in this 
context to make the link between my work and related research explicit. 

Know-Who: The interpersonal relationships that enable people to ‘know who 
knows’, to ‘know who to ask’ and to ‘know who to trust’. 

2 Methods
A total of four weeks of ethnomethodologically informed ethnography was carried out at 
two different engineering departments of a major Swedish automotive company. Using 
traditional ethnographic methods, such as observation, contextual inquiry, and videotaping,
the study revealed how engineers mobilize their social capital in a wide range of 
collaborative work activities, more or less formal, while away from their desk. Both co-
located and distributed activities were observed, ranging from brief hall-way encounters to 
multi-site conference calls in large meeting rooms equipped with projectors, whiteboards,
and computers. The primary reason for choosing an ethnographic approach is that people 
are not always aware of the knowledge they bring to a particular situation, and sometimes
they may not even have a vocabulary to talk about their own expertise (Blomberg, Giacomi,
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Mosher and Swenton-Wall, 1993). Ethnography is also a powerful approach when it comes
to dealing with the axiom of ideal and manifest behavior; what people say and what they do 
are not always the same. Ideal behavior is what every ‘good’ member of a community 
should do, while manifest behavior is what people actually do. (Blomberg, Giacomi,
Mosher and Swenton-Wall, 1993) When asked to describe their own behavior, people tend 
to give an account that is closer to the ideal than the manifest, which has much to do with 
people trying to live up to expectations and telling people what they want to hear. 
Consequently, the ability to observe and record activities as they occur in everyday work is
a critical factor of success in any study of human activity.

3 Main findings
When Bragd (2002) performed an ethnographic study of the Volvo XC90 development
from a management perspective, she realized that the decision-making process in this 
particular project was anything but explicit. In fact, she ended up with over 400 hours of 
recorded meetings – without a single (explicit) decision being made.

“In retrospect, it appeared that they more or less relied on ‘directions’ or
‘main leads’, ‘recommendations’, ‘streams’ or ‘tracks’ all of which were
concluded in discussions, which organised and structured these different 
relevant matters. The project team looped the issues within the company.”
(Bragd, 2002, p. 86] 

Such ‘looping’ of issues exemplifies a type of collaboration where decision-making is a 
highly exploratory activity, rather than a rational approach to choose between pre-defined 
alternatives of action. It is more a matter of continuous exploration and discovery, than a 
matter of selecting the optimal of a given set of alternatives. Many of the problems that 
engineering designers experience today are ultimately wicked problems (Rittel and Webber,
1973), meaning that there are no definitive solutions to such problems and that you cannot 
really understand the problem until you have developed a solution. The final, correct, or 
optimal solution never really emerges, but the problem solving process still has to stop 
because you are short of time, money or other resources. “Every car we build is basically a 
big compromise”, as one of my informants told me. The fieldwork presented below will 
draw particular attention to the value of social capital in global design teams, pointing out 
that wicked problems call for a social, collaborative sense-making process, including a 
great deal of ‘know-who’. Fundamentally, it will highlight the importance of social 
connectedness between distributed team members in order to collectively shape directions 
or solutions that are ‘sufficiently agreeable’ or ‘good enough’ – what Simon calls 
satisficing (Simon, 1969). 

The addition of a fifth knowledge category, know-who, does not imply that this new 
category is more important than the other four, it merely offers a complementary way of
thinking about aspects that influence successful teamwork and decision-making, and it 
raises the issue of how to adequately support the creation and application of know-who in 
global engineering design teams. Know-who principally consists of three dimensions:

Knowledge-of-Practices

Knowledge-of-Expertise
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Trust-in-Expertise
I will use these three dimensions to provide a selection of examples from the fieldwork 
material that intend to demonstrate some of the ways in which ‘know-who’ plays out in 
everyday engineering design collaboration. 

3.1 Knowledge-of-Practices 
This dimension relates to the observation that work practices may differ substantially
between different parts of an organization. There are no universal ways in which ‘things are 
done’, and this is, of course, even more evident in a Virtual Enterprise perspective, where
an organization could be widely dispersed across continents, time-zones, languages, 
cultures, professions etcetera. Borrowing Bucciarelli’s (1994) concept of object worlds, I 
argue that people product development organizations are continuously facing the challenge
of bridging the many different understandings that people may have of the same object or 
situation. For example, the same bill-of-materials can be used for different purposes by 
different groups depending on each group’s needs and objectives, such as dealing with a
complex parts structure, keeping track of costs, or planning the development of production 
tools.

People are often working in many different projects simultaneously, and it is becoming
increasingly difficult to keep track of the various ‘histories’ and ‘practices’ that correspond 
to each of these projects. In global product development, the ability to know about these 
diverse practices and the ability to understand how these practices affect your own work 
seems absolutely crucial to successful collaboration. I will use three excerpts from my 
empirical material to highlight the importance of gaining access to ‘histories’ of an 
organization, or at least locating and gaining access to people that can help overcome the 
lack of knowledge-of-practices inherent in temporal organizations of the Virtual Enterprise
kind.

Excerpt A: Knowledge-of-Practices #1

“The gears cannot be put in at random…they shall be put in when it says 
that they shall be put in…”

This excerpt is taken from a discussion about how to come up with a better risk analysis 
concerning fuel emissions from an engine. In laboratory testing, they had not been able to 
repeat a particular problem, and the group discussed the possibility that one of the reasons 
for this may be that different drivers are driving the cars in the different test situations. Of 
course, this statement should not be mistaken for the ‘truth’. It is simply one of many
examples that highlight how engineers are bringing knowledge-of-practices into their 
decision-making process. The engineer making the above statement was very experienced 
and he had been through enough engine tests to make the judgment that the problem was
related to the testing procedure rather than the product itself. This particular engineer 
basically located the person or persons ‘behind’ the risk analysis document, and it seems
highly unlikely that he would be able to make that judgment without a substantial 
knowledge of other people’s work practices. 

Excerpt B: Knowledge-of-Practices #2 
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“[They] have acted a bit more weakly than usual. They have some new 
people there and they trust simulations for verification. In previous
projects, they have made decisions based on their own knowledge. 
Simulations are good, but sometimes you need answers fast. It was
smoother before…” 

In this excerpt, my informant has just ended a telephone conference with a manufacturing
company. Among other things, they discussed which parts that could be considered as 
completed and ready for manufacturing. The manufacturing company representatives 
expressed a concern that they were still waiting for some manufacturing simulations, so 
they did not yet know if they would be able to go ahead with the production as planned. 
After the meeting, my informant told me that simulations should be a ‘receipt’ that verifies 
that it is actually possible to manufacture a certain part. He noted, however, that it should 
be possible to tell already from the digital design information if production is feasible or 
not. Based on his knowledge of how things have been done in the past, and based on his 
awareness of the ‘new people’ and his knowledge of changed simulation practices, he 
rather easily made sense of the situation. It should, however, be noted that these companies
have been working together for decades, so the mutual knowledge of each other’s work 
practices has been developed for many years. In Virtual Enterprise collaboration, this 
introduces the challenge of developing this kind of knowledge-of-practices more rapidly, 
since collaborative engineering will most likely become increasingly time and context 
restrained.

Excerpt C: Knowledge-of-Practices #3 

Person A [remote]: “Where is [the document], can I have a look at it?” 

Person B [remote]: “I have not received the updated version…” 

Person C [local]: ”We sent it to [person E], wanted him to distribute
it.”

Person B [remote]: ”It has not reached manufacturing for pre-check.” 

Person C [local]: “[Person B], you have the material there…can you 
please distribute it?” 

Person B [remote]: “Send it to me again, and we will see if we can solve it 
today…”

Meeting ends, local conversation starts

Person D [local]: “I think we have to start sending things to [person B]
instead…”

Person C [local]: “We’ll have to start bypassing all filters…” 

In closely knit teams, people tend to develop a reasonably good understanding of how other 
people work; what their priorities are, how well they plan their work, to what extent they 
can be trusted to pass information on etcetera. In the above situation, two persons in 
Sweden were discussing with a group of persons situated in Germany. The topic of this
meeting was suggested changes to be made before parts can be released to manufacturing.
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Apart from the apparent issue of document management, the excerpt points to issues related 
to knowledge-of-practices. My informants knew very well that this was not only a problem
of locating the document; it was also a problem of politics. First, they experienced the
problem of assuming that just because the material had been sent it had also been received 
and distributed according to their intention. Second, they realized that people may have all 
sorts of reasons not to follow a recommendation, or to do as they are asked. As a 
consequence of people coming from different object worlds, these people have different 
objectives and motivations. In this case, the informants knew ‘Person E’ very well, which 
enabled them to both make sense of ‘E’s actions (or non-actions) and to devise a plan that 
would help them work around this problem.

3.2 Knowledge-of-Expertise 
This dimension concerns the social distribution of expertise (Randall, O’Brien, Rouncefield 
and Hughes, 1996), basically meaning that although individual engineers are highly 
knowledgeable and possess various skills, they still need to rely on other people’s expertise
in order to really know how or why to do something. The complexity of Virtual Enterprises 
demands cross-functional collaboration, and global teamwork, in general, leads to a greater 
diversity in knowledge and skills. It thus becomes increasingly important to be able to 
locate people with credibility; basically ‘knowing who knows’ or ‘knowing who to ask’.

In co-located teams, knowledge-of-expertise is usually built up naturally and quickly.
Through their interactions with others, people gradually learn about the strengths and 
weaknesses of their colleagues, and when faced with a problem they often have a very good 
idea of whom to approach for help. Ackerman et al (2003) note that locating and sharing 
expertise is a key issue for organizations and that they could move beyond traditional
Knowledge Management by also taking interest in the self-organized (e.g. social) activities
of employees.

Having knowledge-of-expertise fundamentally means that individuals and groups are 
aware of the expertise available within their organization, although it may be socially 
distributed. In the case of HP, the problem of social distribution of expertise has been 
captured in the phrase “If only HP knew what HP knows” (Sieloff, 1999), which
symbolizes the challenge of supporting global sharing of local knowledge. The excerpts 
below are intended as examples of situations that points to the importance of knowledge-of-
expertise.

Excerpt D: Knowledge-of-Expertise #1 

“My role is to make sure that they have the resources they need…getting
people to talk to each other. If I don’t know, I’ll just ask someone, but 
many don’t work that way…they must dare to go out and ask…they have 
the competency, but they lack information…they often need information, so 
I book meetings for them.”

When discussing the issue of team leadership with one of my informants, he reported that 
one of his most important responsibilities was getting people to talk to each other. His 
opinion was that the projects were so complex that it was absolutely critical to seek 
additional resources for expertise. He also commented that there are so many e-mails and 
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documents going around so it was often much easier to ask people directly, rather than 
trying to make sense of written material. Furthermore, since some of his team members
were involved in up to twenty different projects simultaneously, he observed that they have 
difficulties managing information since it was posted in so many different information
systems.

My observations of this person clearly confirm his role as a ‘knowledge broker’ (Hargadon, 
1998), who took every chance to point his colleagues in the direction of someone who he 
felt could help them in their work. His social network seemed far greater than that of most
of his colleagues, and he was very skilled in making connections between individuals and 
groups that previously seemed to be very remotely associated.

Excerpt E: Knowledge-of-Expertise #2

“I’m not really that worried…he’s always very skeptical…it sounds much 
worse than it is. It’s just a way of saying that he doesn’t like it, but he 
always meets the requirements.”

In this situation, I was talking to one of my informants directly after a meeting in which he 
and a colleague had performed a review of the current cost situation (i.e cost-walk) for a 
certain part of the car structure. The colleague had not been very pleased by getting the 
directive to reduce the cost for a particular component, and he expressed his concerns about
the anticipated difficulties of achieving the required functionality with less money. 
However, my informant did not at all seem worried about this. He knew from experience 
that his colleague often protested rather loudly if demands changed, but since he also knew 
that the end result was constantly of a very high standard, he expected a similar result this 
time around too. 

The ability to tell what people typically do in various situations is useful because it means
that you do not have to accept every piece of information at ‘face value’. Recognizing
patterns of behavior in the workplace enables people to make more informed decisions 
about the usefulness of information. The above example basically shows the concept of 
‘bias discount’ (Cyert and March, 1963) in action since my informant values the statement
from his colleague based on his experiences from similar situations in previous 
collaboration. In essence, he knew the person ‘behind’ the information.

Excerpt F: Knowledge-of-Expertise #3 

“What kind of evidence do we need to put here? If we have three to five
percent that is not ready, is that yellow?...would this be green complete? 

This excerpt is taken from a co-located review meeting concerning the status of a number
of actions that the team needed to finish in order to clear an upcoming stage gate. The status 
of these actions was supposed to be put into a web-enabled review system, but this 
particular team did not seem entirely comfortable with the system. To put it briefly; they 
did not really know how they where expected to fill out the report. In an attempt to deal 
with their uncertainty of how to use the system, they had invited a person who was a very 
experienced user of the review software. 
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Throughout the review, the ‘expert user’ described his interpretation of how the report 
should be filled out. It quickly became obvious that a single, ‘correct’ way to fill it out did 
not exist. He continuously pointed out that the most important thing to remember was to 
explain why a certain choice had been made. If a particular action was not applicable, they 
should basically choose the option ‘N/A’ and then write a comment or upload a file with 
‘evidence’. In response to the above questions from a team member, the expert responded 
that he, personally, would say that the particular action was ‘green complete’ (i.e. 
completely finished). He pointed out to the group that they, themselves, knew the most
about their own work, and that it was actually a rather straightforward process to use the 
system; it was really just a way for the team to describe the rationale behind their decisions 
and their expectations of future results.

This example shows how the team constructs the status of ‘green complete’. There simply
is no ‘right’ way to fill out the report; what counts is how the team agrees to view and 
report their progress. This is in line with Bucciarelli (1994, p. 163), who observes that “the
definition of a problem is a social choice”, that “there is no way to establish the solution’s
validity for all possible conditions of testing or use”, and that “what matters is that 
participants gain and remain in control of what they construe as the problem, working both 
across and within their respective object worlds.” In turn, this also means that to be able to
really understand what this particular group means with ‘yellow status’, you need to know 
more about the rationale behind their decision and at least some knowledge about the 
people whose expertise have influenced that decision.

3.3 Trust-in-Expertise
Apart from having knowledge-of-practices and knowledge-of-expertise, as described 
above, engineers must also be able to trust the information they receive. This trust
fundamentally boils down to a trust in capacities and abilities, and they need to make
continuous assessments about whether or not they can trust on recommendations, advice 
etcetera that they get from their colleagues. It should be noted that just because an engineer
knows of the practices and expertise of colleagues, this does not automatically mean that 
this knowledge is applicable and useful in every given situation. As mentioned earlier, 
people can be trusted in some situations but not in others. 

Trust-in-expertise is a highly social phenomenon, and it thus has to be established in the
social interactions between people. So, just because an engineer is considered competent it 
does not mean that this person’s advice or recommendations will be followed in each and 
every situation. The excerpts below are intended to show that even though you have 
‘located’ expertise (i.e. found a competent person to ask); you still have to make up your
mind as to whether or not to trust this particular person in this particular situation. For 
every bias, there is also a bias discount (Cyert and March, 1963). 
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Excerpt G: Trust-in-Expertise #1

“This guy is amazing. He’s not supposed to be on these meetings…I guess 
he does it because it doesn’t work. It’s his job to make sure that we are 
green everywhere. He’s responsible at the gate if we’re red 
somewhere…and he often knows the details better than anyone…” 

In this situation, the conversation is with an informant after a distributed review meeting in 
which a project manager was very active and basically ‘driving’ the meeting. As the 
excerpt tells, he is normally not supposed to be in these meetings since he is situated higher 
up in the project hierarchy. However, since it is his responsibility to ensure that deadlines 
and requirements are met, he needed to take on a more active role in this particular project.
My informant told me that it is uncommon for managers at that level to participate in this
kind of meetings, but he also expressed great appreciation for this particular manager
because he “knows what he’s talking about”. In many other meetings of this kind that I 
attended, it seemed like participants quite easily found ways to convince the project leaders 
that they were on a ‘promising path’ or that they ‘soon’ would have solved their problems.
In this meeting, however, it was rather obvious that the project manager possessed the level 
of expertise that was required in order for the other participants to understand that he would 
not be easily misled by vague information. The team members knew that the manager was 
very experienced, and they took that into consideration when they tried to give answers to 
his many questions. 

The excerpt draws attention to how much trust-in-expertise depends on how much you 
know about a person’s background and experience. In Virtual Enterprise collaboration, this 
raises the question of how to find out enough about your collaborators to decide if they are 
competent and how to find out to what extent they and the information they provide can be 
trusted.

Excerpt H: Trust-in-Expertise #2

“What’s behind the green numbers?” 

This excerpt is taken from another of the meetings in which the above manager took part. 
Once again, the meeting concerned a review of the status of problems that needed to be 
solved in order to pass the stage gate. The engineers presented the progress since their last 
meeting, and they marked the status with numbers and figures of different color (red, 
yellow, green) to symbolize how far from completion a certain action was. In this meeting,
and others, it seemed like the co-located and the distributed group had a completely 
different perception of what those different status descriptions actually meant. One of my 
informants told me that “they always come up green, and we are red everywhere”, while
also noting that “the differences are not really that big, but we are probably more likely to 
ask for help when we have problems.”  He said that it was a difference in ‘culture’ between
them and the remote team in that the other team’s concept of ‘green status’ includes a 
description of the current problem and then a ‘roadmap’ that describes how to address the 
problem. His team reported red or yellow status in such situations, and waited with 
reporting green status until the problem had actually been solved. As a consequence, he
said, “management sees it as they present solutions, while we present problems.”
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In this situation, however, the manager did not see it that way. While my informant’s team 
‘got away’ with several red status flags, the remote team got a lot of questions regarding 
their reasons for reporting green status. In short, even though the team formally reported
that they had finished the tasks, the manager did not trust their evidence and documentation
enough to take that information at ‘face value’.

Excerpt I: Trust-in-Expertise #3

“If we do this I know that we’re going to succeed…it will work without a
hitch…if we don’t do this I can’t guarantee anything…what I’m saying to 
you right now is what I know will work…it might work in other ways if 
people bend backwards, but…” 

This excerpt comes from a meeting in which a review was made concerning the need for 
test objects (components and tools). Teams that are in need of test objects have to provide a 
brief description of what type of components or tools they need and why they need them,
but they also have to provide a good motivation for the number of objects that they request 
and an assessment of the consequences of not being allowed to order these objects. 
Fundamentally, they have to provide the rationale for their decisions; the underlying needs 
that well describe why the test objects needs are what they are. It is a way of visualizing the 
process, so that teams cannot just order objects without good reasons. In this particular 
situation, an engineer had not provided very much information in the documentation so the 
persons leading the review asked him to verbally describe the needs that apparently were
missing in the documents. They gave him a chance to attach credibility to the needs briefly
described in the written test object request, and by providing the above motivation he tried 
to argue for why they should ‘trust’ him with the requested test objects.

In the end, trust-in-expertise also comes down to how much you actually know about 
people and their way of working. In teams with low social connectedness, it is not likely 
that such knowledge and trust will develop. 

4 Conclusion
The analysis of the fieldwork material highlighted what seemed to be two particularly 
important aspects of social capital relating to design collaboration in global settings. First, 
‘knowing who knows’ is central to any engineer regardless of location since many design 
problems and activities require contributions from someone with previous experience, or 
sometimes feedback from a person who was, for example, actually in charge of the latest
update to a particular component or document. Second, ‘knowing who to trust’ is of great 
importance given the often unclear and vague nature of design problems, forcing designers 
to put great trust in a colleague’s opinion rather than provable facts. The ambiguity in
requirements means that engineers need to trace what something means, and understanding
what somebody means essentially involves asking people what they mean.

The empirical material indicates that social capital (i.e. Know-Who) is an essential
complement to intellectual capital (i.e. Know-How), in the sense that design is carried out 
in a social context where each individual designer needs to strive for a shared 
understanding with their colleagues to produce a successful design.

13



Submitted for Journal Publication
(Acceptance pending: do not cite)

The findings from the study clearly point to the potential for companies engaging in global
collaboration to leverage from a collective social capital, which appears very difficult to
build and maintain in the current mode of global collaboration. To globally sustain social 
capital, relationships between collaborating designers must transcend the traditional
location-based approach where local knowledge (e.g. traction problems on icy Swedish
roads), at best, can be shared between co-located team members. In many situations today, 
local knowledge stays local, while much social capital potential is lost. Considering all the 
different car parts, components, and assemblies that need to meet functional specifications 
with respect to cost, time, and quality, it is easy to see that even a ‘lone genius’, should one 
exist in the company, would be hard-pressed considering all relevant aspects of the design 
without access to the opinions and experiences of colleagues. The concept of collective 
social capital as a resource for innovation seems like an appealing idea to any company that 
wants to excel in global collaboration by globalizing local knowledge. 

Having identified the importance of social capital in global engineering design teams, it is 
also crucial to recognize the potential for improvement. Bearing in mind that most current 
technologies for distributed collaboration do not allow engineers to neither build nor use 
social capital as effortlessly as in co-located settings, it is absolutely critical to further
explore research directions that will propose and evaluate technologies and workspaces that
are better tuned to the concept of social capital in global teams.
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Abstract
In a fiercely competitive business climate, which is increasingly characterized by global 
alliances, partnerships and outsourcing agreements, companies struggle to decrease the
negative impact of geographic distance on development efforts. The role of workspaces for
collaborative design is gaining considerable attention, and there is currently an increasing 
interest in moving from individual tools or technologies to a more inclusive view of 
collaborative workspaces. This paper reports on the underlying motivation and justification 
for a new collaborative design studio at Luleå University of Technology, Sweden. The studio 
provides a rapid-response environment, in which the significance of issues raised through 
ethnographic observations of engineering work can be evaluated and solutions offered.

Keywords: Collaborative design, distributed engineering, team workspaces, design studies 

1. Introduction
This paper describes the rationale behind the design of the newest addition to a range of
collaborative studios at the Polhem Laboratory, Luleå University of Technology, Sweden. 
The idea of investing in a new collaborative environment stems from the experiences and
observations derived from several collaborative product development research and 
educational projects performed within the Polhem Laboratory over the last five years [1, 2, 3,
4]. Recent interdisciplinary work within our research center has inspired us to further explore
the relationship between the social and technical aspects of collaborative work, which is under 
continuous investigation in the area of Computer Supported Cooperative Work (CSCW). By 
applying concepts from the ethnographic tradition to the context of our research center’s 
profound understanding of engineering practices, it is believed that the potential to create 
collaborative environments and technologies better suited to the needs of both co-located and
distributed engineering communities has increased.

The year 2000 was our first attempt at designing a research facility for collaborative work in 
Luleå, with a 7x2 m projection surface, high-end conferencing capabilities and a capacity of 
up to 50 people. It was concluded after intensive usage that the existing space is mainly
suitable for large meetings and design reviews, though too rigid and inflexible for everyday 
design collaboration in smaller design teams.

The new, yet to be named, collaborative studio is envisioned as a space flexible enough to
accommodate a wide range of co-located and distributed collaborative scenarios, while being
rigid enough to also allow for realistic, everyday design-in-action and effortless research 
observation of those activities. As such, the new studio will be mainly created to meet three 
central challenges in the further advancement of collaborative engineering design.
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The problem of design researchers to study design collaboration in realistic settings 
and situations. 

The practical difficulty of letting design students experience distributed collaboration. 

The challenge of rapidly implementing and evaluating new technologies, tools, and 
workspace concepts. 

The underlying motives for the layout and functionalities of the studio will be discussed in 
detail – what the key features are and how they are put into practice. In addition, the authors 
will present a selection of first generation design concepts of the tools and technologies that 
will be available in the studio space. Possible future directions of collaborative environments
will also be proposed based on the findings from previous collaborative design case studies
conducted with Polhem Laboratory industry partners. 

2. Background: Workspaces in Transformation 
Companies working with product development are continuously faced with the dilemma of 
not being able to do everything in-house, forcing them to form alliances, partnerships and
outsourcing agreements. They struggle to decrease the negative impact of geographic distance 
on development efforts and further enhance current advantages of worldwide, 
multidisciplinary collaboration [1]. In addition, they are beginning to understand that the 
vision formed more than ten years ago of the Virtual Corporation, or the Virtual Enterprise,
is rapidly becoming a reality as more and more companies move from traditional alliances
and outsourcing partnerships to a “…temporary network of independent companies – 
suppliers, customers, even erstwhile rivals – linked by information technology to share skills, 
costs, and access to one another's markets. It will have neither central office nor organization
chart. It will have no hierarchy, no vertical integration.” [5] Unsurprisingly, the ways in 
which individuals and teams are working together in such organizations are quickly changing, 
as well as the needs for the spaces where they work. 

Different organizations have different facility strategies, with new strategies continuously
evolving together with the development and deployment of new collaborative methods and 
technologies. Some design teams work in assigned project spaces, while others work in
individual workspaces closely connected to team spaces. Some spaces are dedicated to certain
activities, such as videoconferencing or large group meetings, while other spaces are open and
flexible to support on-the-spot collaboration in just about any context. Some spaces have to be 
pre-booked, while others are used on a drop-in basis. Regardless of specific strategies, people 
generally adapt to the available setting and tools, therefore it is crucial to recognize that the
design of collaborative workspaces can create barriers to true collaboration as well as promote
and support collaborative behaviors and relationships. 

Future workplaces, workspaces and work environments have been the subject of considerable
interest in recent years. There has been a general move towards projects that do not merely
attend to individual tools or technologies, but rather take a more inclusive view of 
collaborative workspaces. Such comprehensive initiatives include the Fraunhofer IPSI’s 
Roomware [6], Stanford University’s iRoom [7] and UNC-Chapel Hill’s Office of the Future
[8].

In particular, the European IST programme in the 5th and 6th frameworks has contributed to a 
much wider conceptualization of workspaces for collaboration. EU ‘roadmap’ projects, such
as Future Workspaces [9], have been conducted to guide the future directions of the overall 
European research programme with respect to where and how work is carried out. The wider
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conceptualization introduced within such roadmaps starts with a conceptual move from
workspaces as merely the physical space where a person works to “…new forms of 
workspaces which support tighter integration with geographically dispersed business 
partners and virtual interfaces, which allow efficient collaborative working and promote 
social interaction between remote team members.” [9] 

In keeping with this vision, it should be noted that while a three-dimensional space with a 
variety of spatial features will be designed, it will first and foremost be designed for the ‘life
and work’ that will go on in the space. Hence, we agree with Harrison & Dourish’s [10]
distinction of space and place, where the former is a non-changing physical area, the latter a 
continuously changing environment based on how it is used. For example, a certain space can
be used for many types of activities without any changes to its external structure.

“An office might act, at different times, as a place for contemplation, meetings, 
intimate conversation and sleep. So a place may be more specific than a space. A 
space is always what it is, but a place is how it's used.” [10]

The word space has been chosen rather than place throughout this paper, primarily because of 
our focus on designing a physical environment that promotes ‘place making’ and
collaboration in both a physical (co-located) and virtual (distributed) setting. Thus, it is not
merely a place being designed; it is the design of opportunities for people to make places 
within that physical environment [10]. This is also in line with Alexander’s [11] notion of a 
pattern language, which focuses on the pattern of events people experience in a certain 
environment. For example, the pattern ‘Flexible Office Space (#146)’ describes how to design
a space that is “specifically tuned to the needs of people working, and yet capable of an 
infinite number of various arrangements and combinations within it.” [11, p.690] Rather than 
prescribing a specific layout, Alexander gives general design suggestions to help the designer 
understand the on-going activities in a particular space, and the tradeoffs the designer may
have to consider.

Similarly, the transformation into workspaces of the future involves a greater understanding
of how work is carried out in an increasingly globalized business environment and involves a 
greater attention to design as a highly social and collaborative practice [12].

Fundamentally, the tighter integration envisioned within Future Workspaces and Office of the
Future implies a closer connection between the physical and the virtual, the social and the 
technical, and the local and the remote. Bridging all these factors is a massive challenge that
is driving the design of the new collaborative studio as well as our overall research agenda to 
support collaborative work in global virtual enterprises. 

The following two sections will describe some of the significant aspects related to workspace
design and use that our research group is interested in, primarily with workspaces in two 
contexts: collaborative design-in-action (how design teams work) and research on 
collaborative design (how researchers study design teams). Both contexts are viewed with 
respect to co-located and distributed settings to underline the increasingly global outlook on 
collaborative work in virtual enterprises. 

2.1 Workspaces for Collaborative Design-in-Action 
When designers collaborate, many different resources are used to negotiate common ground. 
Larsson [2] highlights three of these resources as particularly important to a design team’s
sense making process, all of which can be enhanced or hampered by the workspace design:

Vocabularies of design – Design teams, global in particular, need to negotiate a 
shared understanding despite varying language proficiencies, as well as to negotiate 
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an understanding between people from different cultural, educational and professional 
backgrounds. The designers use verbal language to actively shape the context and 
content of the situation rather than passively transmitting and receiving information
with a well-defined meaning within a well-defined setting. Sense making is 
essentially a collaborative process, where the designers collaboratively build a shared
vocabulary by talking about the design, thus creating “a new language capable of 
describing aspects of the evolving design” [13].

Objects of design – Rather than trying to find common ground through verbal 
communication alone, this can also be negotiated through the use of equally 
accessible physical objects to all participants. Harrison & Minneman [14] observed 
the importance of objects in design communication, since they form part of an 
available pool of representations to the design team. A pen, a chair, a sketch, or a 
simple sheet of paper can act as shared objects constructed through collaboration to 
promote discussions about thoughts, ideas and alternatives. 

Places of design – Depending on their primary purpose, team spaces are equipped
with different equipment, such as whiteboards, flip charts and overhead projectors 
[15]. When design teams occupy a space over an extended period of time, the 
writings and sketches on whiteboards and flip charts make up visible permanent 
records [16] of the design team’s activities and decisions. Project plans, agendas and 
‘to-do’ lists are often posted in ways that make them visible and easily accessible to
anyone at a glance. Kirsh [17] noted that places offer a lot of mechanisms to help
individuals and groups coordinate work, distribute tasks and manage the flow of 
information to, for example, “recall why they left papers out, why folders are open, 
why there are certain marks on the whiteboards” . 

Design is fundamentally a social process [12, 18] when teams negotiate meaning with the help 
of just about anything that might help them communicate their thoughts and ideas. When
verbal language is not enough, gestures, sketches, prototypes and all possible types of 
physical objects are used to visualize and describe what they want to ‘say’ and what they 
‘mean’. The spaces they use set both a context and a stage for action, and provide them with a
collection of conversational props [19] for them to collaboratively create common ground. 
The challenge of designing workspaces successfully incorporating various resources that
design teams use is even more demanding when some of these resources are tied to a single 
physical location. Creating shared objects to think with [2] and increasing the extent to which 
two distributed workspaces feel like one and the same is an appealing vision given that 
“physical objects live in one place” [20].

2.2 Workspaces for Research on Collaborative Design 
Milne & Leifer [21] suggest the occurrence of a design activity within an ecosystem, where 
physical and virtual environments are subsets of an overall design environment that is 
currently an under-examined part of the design innovation ecosystem. In a recent paper, by 
Milne & Winograd [22], interactive workspaces are too often proof-of-concept workspaces
that are neither robust nor extensible enough for real users who can be studied in realistic 
working conditions. There exists a fundamental need to support interesting research 
explorations, while allowing interventions (new methods and tools) in the context of ongoing 
design activities. This need has spurred an increasing interest in how to instrument design 
team activity so that researchers can automatically collect data on design teams making use of 
tools in a design environment.
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To study design activity in realistic situations, researchers must develop suitable collection 
methods, thereby ensuring the recording of the appropriate types and quantities of data and 
other materials without interfering with ongoing engineering work. Milne [23], who 
elaborated on this further, identifies three relevant challenges for design research:

Data collection approaches – In terms of time and effort, data collection and analysis
are very costly. A more efficient data collection and analysis would allow for a more
thorough analysis of real design activity and also increase the sample sizes for 
experimental research.

Fieldwork vs. experimental design studies – While controlled experiments provide a
greater opportunity to validate specific results, simulated design tasks need to reflect 
realistic design conditions as accurately as possible. 

Contemplating distributed design – Geographical distribution of a design team 
increases the number of individuals and observation sites to be considered by the 
researcher.

Creating future workspaces for collaborative design involves envisioning these workspaces 
and creating new concepts, methods and tools. However, to successfully inform the design of 
such new spaces, improving how we observe and analyze design team activities in both co-
located and distributed settings is also needed. 

3. Methods 
To aggressively address the challenges above, a multidisciplinary design team consisting of 
members with backgrounds ranging from mechanical engineering and computer science to 
human work science and architecture was assembled. Lighting, sound, and interior designers 
have occasionally been summoned to the team to further ensure as many relevant aspects as 
possible are adequately taken care of. Many of these workshops were videotaped, all sketches 
were scanned and the results from meetings and brainstorming sessions were continuously 
stored in a designer’s logbook to help us keep track of our rationale throughout the project. 

The project has been greatly influenced by previous research from both co-located and 
distributed design teams, carried out within the Polhem Laboratory research program.
Collaboration with researchers from Stanford University’s Center for Design Research has
been invaluable in giving us access to a vast resource of experiences from research on design
teams to working closely with them in the context of global, industry-near student projects [1, 
2, 3, 4]. Other projects providing useful input to the design of the new studio space include a 
distributed development project between Hägglunds Drives AB and Conex AB, who are 400 
kilometers apart [24], and numerous distributed work sessions within DITRA, an inter-
provincial project intended to bring the latest distance-spanning technologies and methods to 
companies in northern Sweden. Several collaboration studios have been developed within the 
DITRA framework, involving members of our design team whose experiences have been fed
into our design process. Inspirational visits have also been made to, for example, the 
Wallenberg Hall and the iRoom at Stanford University, Fraunhofer IPSI, the iLounge at the
Royal Institute of Technology, and IDEO in Palo Alto. In our own immediate surroundings, 
we have taken inspiration from the brand-new studio at SVT (the Swedish public service TV
broadcaster) in Luleå, and the facilities at the School of Music in Piteå.

The design team has paid meticulous attention to future users of the studio, i.e. design 
researchers, design students and industrial designers. We have employed techniques from the
Participatory Design [25] tradition, e.g. ‘Future Workshops’ and ‘Cooperative Prototyping’, 
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to promote active user involvement and mediate the different views and interests of the highly 
multidisciplinary development team. It has been particularly interesting to engage in 
Scenario-Based Design [26], considered to be a powerful framework in our continuous work 
to reshape collaborative workspaces to better accommodate user needs. 

4. Design Rationale: Modes of Use 
This section describes the underlying reasons for the different ‘modes of use’ that the new 
collaborative environment primarily should allow for. The intention is not to separate these 
modes in time, frequency or importance – these modes are often concurrent – it is to show
design as not only incorporating a space for design teams, but also incorporating a research
space, a learning space and a marketing space. The rationale is described in terms of which
modes the studio shall principally allow for, not how this functionality could be achieved in 
practice. Further, the descriptions are not meant to serve as complete guidelines, but merely
intended as brief mission statements to keep our studio design team focused on the key 
priorities and objectives throughout the design process.

4.1 Design-in-Action 
The studio allows for ’real’ design to happen, in a realistic setting, with student or industrial 
teams. Users are able to move effortlessly between individual and group work and easily find 
privacy when needed. Adapting the environment as the needs of the group change is easy, 
since users can quickly re-arrange the setup of chairs, tables, writing surfaces, storage space,
etc. The available technologies are easy to find, user friendly, and allow users to focus on the 
work activity rather than the tool. The studio is compatible for both co-located and
distributed design, and is suitable for a wide range of collaborative sessions, including 
creative brainstorming and more structured design reviews. The studio promotes social 
connectedness between co-located and distributed teams.

4.2 Research on Designing 
The studio allows researchers to observe design-in-action, as it unfolds, without any 
interruptions or disturbances. It is easy for researchers to carry out ethnographic work in the 
studio, which allows for different degrees of participation depending on the design activity. 
The studio is instrumented to allow effortless and comprehensive monitoring and recording 
of activities. The collected material is easily accessible from inside the studio, but can also be
accessed from anywhere in the world where researchers might be located. Design teams
wanting to experience distributed design can simulate geographic distance, while researchers 
can easily observe both spaces simultaneously. The flexible setup of the studio allows
researchers to rapidly and seamlessly integrate the new tools and technologies created in the 
course of their research. 

4.3 Learning 
The studio allows students and faculty to work collaboratively and individually, depending 
on the needs of each course. Dividing into smaller groups to use the appropriate tools and
technologies is simple, as is adapting the space to facilitate larger groups possibly requiring 
different arrangements of chairs, tables, presentation technologies, writing surfaces, etc. The 
space easily configures to accommodate various degrees of formality, and inviting and 
connecting to lecturers, coaches or fellow students who might be participating from another 
site using technologies for distributed collaboration is unproblematic. In activities within our
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research center, the studio enables us to ‘live as we preach’, allowing our partner companies
the possibility to continuously experience new research findings in a very tangible form.

4.4 Marketing 
The studio allows us to market our research results, research center and university with the
aim to generate more funding and potential research partners on a local, regional, national 
and international arena. Visitors receive a unique experience, suited to their different 
preferences, without the need for extensive preparation of presentation material or space 
reconfiguration. For demonstration purposes, we can easily switch between presentations of 
the studio as a space for (1) design-in-action, (2) research on designing and (3) learning.

5. Design Rationale: Key Features
With the above modes of use as a guiding framework, several key features have been defined 
and will be described below. Some of these features map directly to particular modes of use, 
while others are more general affordances to be incorporated into the studio. According to 
Norman [27], the term affordance refers to the “perceived and actual properties of the thing, 
primarily those fundamental properties that determine just how the thing could possibly be 
used. A chair affords ("is for") support, and, therefore, affords sitting.” [27, p.9] In the 
context of the ‘flexibility’ feature below, for example, affordance could mean both how a 
flexible environment actually enables quick and easy reconfiguration (i.e. it is quick and easy 
in practice) and how it perceptually guides quick and easy reconfiguration (i.e. it looks like it 
will be quick and easy).

5.1 Flexibility 
“Looking at work environments, work is increasingly characterized by a high 
degree of dynamics, flexibility, and mobility. Initial examples include such new
work practices as on-demand and ad hoc formation of teams. Contents and 
participants as well as contexts, tasks, processes, and structures of collaboration 
will change frequently to cope with the increasing rate of innovation.” [6, p.37]

There is a great need for flexibility in terms of reconfiguring the workspace size and general 
arrangement of walls, tables, chairs, etc., to better suit rapid alterations between smaller and
larger groups. The space should also be flexible enough to support the temporal range of 
design activities, e.g. when people work at intervals or when the team moves from one design 
activity to another, and then iterates it again. Flexibility is basically viewed as the user’s 
capability to adapt the surrounding environment to new, different or changing needs, but since 
the user can be a designer, a researcher or a learner, the notion of flexibility spans several 
modes of use, in both co-located and distributed settings. Below are a few of the modes that
require flexibility. 

Co-located design-in-action

Distributed design-in-action

Co-located research on designing

Distributed research on designing

Co-located learning

Distributed learning
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5.2 Social Connectedness
Cohen & Prusak [28] recognizes the need for “places to gather, to meet, to talk, to see and be 
seen” and further suggest that organizations would be wise to invest in both social space and
social time if they want to build social capital. 

“Social capital consists of the stock of active connections among people: the 
trust, mutual understanding, and shared values and behaviors that bind the 
members of human networks and communities and make cooperative action 
possible.” [28, p.4] 

Social interaction is critical in creating a shared understanding and a willingness and
motivation to share information, knowledge, and expertise. However, distributed engineering 
design teams face a serious problem of ‘disconnectedness’, since their access to knowledge
and expertise is highly impeded by the social, geographical and temporal distribution of these 
resources [29]. The studio needs to promote interpersonal and social contact, in varying 
degrees of formality and spontaneity, as well as address the above challenge of achieving 
social connectedness across distance.

Below are a few examples of social interaction that needs to be supported. 

Opportunistic communication – Conversations anticipated by one party, but occurring 
by chance [30].

Spontaneous communication – Conversations unanticipated by either party [30]. 

Presence & awareness – What is experienced through the informal, everyday 
interactions between people who work in the same physical space – a general sense of
who is around and what they are doing [31].

Communal eating – Eating together is a way of deepening social bonds, with 
communal eating being one of Alexander’s living patterns [11, p.696]. Nardi and 
Whittaker [32] note, “Eating and drinking together perhaps comprise the most 
fundamental way in which people come to feel connected.”

5.3 Simulating Geographic Distance 
From an educational perspective, we want our students to gain experience from working in 
distributed design teams. From a research perspective, being able to simulate a distributed
design setting within the new environment is very appealing. This enables us to replicate and
observe a ‘remote’ team, while retaining the capability to observe the ‘local’ team, something
that is not possible to do without traveling to the remote site. Altogether, it is crucial to find 
low-cost, low-effort alternatives to set ‘real’ distributed design projects that can be
experienced by students and observed by researchers. This allows us to rapidly implement and 
evaluate new methods and technologies to be deployed in real-world global collaboration 
settings with partners from academia and industry.

5.4 Individual vs. Group Work 
In future workspaces, the problems of moving efficiently between individual and group work 
need to be addressed. We need to find ways to seamlessly and quickly transition from, for
example, privately writing on a report for a management meeting to publicly annotating a 
presentation slide in collaboration with co-located or remote colleagues. Designers and 
learners need to sometimes break out as individuals or sub-groups, while still being aware of 
the happenings in a larger group context. Their active participation in a group session is 
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sometimes needed, though still being able to attend to various individual work issues. Below 
are two examples of features that we would like to support in this regard. 

Privacy – Fundamentally, people should not have to leave the studio to receive some
privacy. People must be provided with the appropriate level of privacy to work 
effectively and productively while not being isolated from the group, which involves
dealing with acoustical, visual, territorial and informational privacy. 

Side conversations in distributed design – The opportunity to partake in private
conversations within a public discussion is reserved only for people in the same
physical location. Side conversations provide opportunities to explore vague ideas and 
alternative paths in a quick, informal and iterative manner [4]. The possibility to 
engage in group communication over long distances using simultaneous
conversational floors is an interesting research challenge. 

5.5 Unremarkable Technology 
Weiser’s [33] vision of ubiquitous computing included hiding the ‘dramatic’ features of 
technology to become an embedded and natural part of, in our case, the studio design. 
Fundamentally, technology and information should be present in the periphery until needed, 
and should simply fade into the background again when not in use. Tandler et al [6] 
distinguish between physical disappearance, mainly due to the miniaturization of computer
parts and their integration in other artifacts, and the mental disappearance, achieved when 
computers become ‘invisible’ to the user’s mental eye and thus to human perception. We aim
to extend the possibilities to achieve ‘invisibility in use’ so that the technology is altogether 
unremarkable and natural, while it might in fact be perceptually visible.

5.6 Memory Space 
It is important to address issues of space ownership and the possibility for teams to leave
work-in-progress in a space they might be sharing with other teams. People working at 
intervals need to be certain of the persistence of their work, meaning that the objects 
(whiteboard sketches, post-it notes, mock-ups, etc.) left in the space remain for an appropriate 
amount of time. This challenge of providing suitable memory space includes the persistence
of both physical and digital objects produced during a project. 

“Whether they store information on a low-tech whiteboard or a high-tech flat 
screen, continuous access to the visual display of information helps everyone get 
back up to speed quickly when the group reconvenes. Supporting visual memory
with information persistence augments communication, learning, decision making 
and problem solving.” [34]

5.7 Identity, Culture and Symbolism
It must be stated that this is not just another collaborative workspace; it is a physical
manifestation of the culture of innovation that we promote. We believe in investing in 
productive workspaces that ‘celebrate’ teamwork. The identity is more than just a name and a
logotype, which is why we have not yet decided on these details, but the identity the physical 
space reveals is more important, both in terms of what is visible at first sight and in terms of 
what users will experience on site. We want the space to communicate our view of 
collaboration as a central concept, and leave an immediate impression as a highly
reconfigurable, renewable, changeable and flexible space that will allow its users (researchers,
design teams, teachers and learners) to easily adapt it to their needs. Taking the notion of a 
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space for social connectedness as an example, it is not about allocating social interaction to
one single space – rather it is a way of making a statement, a way of signaling that social 
connectedness is so vital to successful collaboration, we have even created a symbolic space 
where new concepts of socialization can be explored. 

“…companies that want to break away from the pack can take a big step toward 
doing so by thinking of their physical environment as not only a place where 
works get done, but also a place that sends a message.” [35]

6. Design Concepts: 1st Generation
The design process has largely been inspired by the guiding design principle – “build the
best socket we can afford” [36] – offered by Professor Larry Leifer for the development of 
the Wallenberg Hall at Stanford University. He responded to the need of developing an 
infrastructure capable of supporting whatever technology develops over the lifetime of the
building, i.e. we have never intended to create a ‘final’ solution to the features and modes
described in previous sections. The design rationale described in section 5 attempts to scope,
or frame, the fundamental aspects we believe influence the development of highly versatile 
collaborative environments. The rationale presents numerous significant research challenges, 
none of which are considered trivial to address. In fact, the entire motivation for creating this 
studio has been to create a space where these challenges can be adequately addressed. In the 
next section, a selection of first generation design concepts is highlighted, attending to the 
key features presented in section 5. It is not intended as a complete list of detailed designs, 
but rather as an initial set of design proposals or ‘directions’ to help us put the desired 
features into practice. These and forthcoming concepts, will be subject to continuous
improvement. Figure 1 shows design sketches of some of the concepts. 

Figure 1. Concept Design Sketches, courtesy of Hans Walloschke, Arkitekthuset Monarken.
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User flexibility – Part of the flexibility in the two design spaces (see Figure 1, numbers 2 and
4), is created by using chairs and tables on wheels, making them easy to move around for
different types of individual or group settings. By using folding tables and nesting chairs, we 
enable users to quickly free more space if and when they need it. Lightweight boards are fitted
with different surfaces on each side to achieve reversible, multi-purpose whiteboards and
bulletin boards. These boards can be set up virtually anywhere in the studio thanks to a 
concealed hanging system. Power and data distribution hubs are placed under the raised floor, 
with quick and easy access. A wireless network covering the complete studio environment
ensures users can stay connected at all times, from anywhere within the studio. User 
flexibility also includes effortless modifications to the lighting and sound environment,
achieved from both portable interaction devices and any computer connected to the network.

Researcher flexibility – Researchers need flexibility in terms of setting up the environment
to fit a specific scenario or evaluating different types of environments, methods or 
technologies. Here, the researcher’s role is similar to that of a director; he/she sets up the
stage and decides what the environment should look like to fit the scenario or the ‘real-world’
design activity in question. Depending on the required setup in each scenario, this type of 
flexibility will require more time than in the case of the users. The two design spaces (see
Figure 1, numbers 2 and 4) are actually part of one large room divisible into two separate
spaces with a moveable sound-proof wall. Inside these spaces the ‘design office’ is 
constructed in the form of stage sets - modular walls that can be connected to create one 
consistent environment. By using interchangeable stage sets or modules equipped with
different types of projection devices, interaction devices and lighting, a specific environment
can be rapidly designed. Equipped with lighting trusses, these two spaces accommodate a 
flexible lighting design.  A raised floor is used to encase all wiring, including the power and 
data distribution hubs users need to access. 

Social connectedness – Keeping with the theatre analogy, we have created a Green Room
(i.e. an off-stage area where actors ‘hang out’). With three permanent walls, this space (see 
Figure 1, number 1) is less flexible than team spaces, though the wall between the Green 
Room and the team spaces is modular to accommodate different types of technologies, such
as back screen projection units. This space offers a cozy living-room feel with comfortable
sofas and chairs and has a bar area equipped with distance-spanning technologies to enable
communal eating and drinking with remote partners. Technology is hidden as much as
possible to achieve a ‘calm’ ambience, and display screens double as fish tanks, fireplaces or 
windows-to-the-world when not used for other purposes. One example of such technology is 
the electro-chromic glass (see Figure 1, number 5) used to achieve the ‘smart windows’ in the
Green Room. By flicking a switch we can vary the transparency of the windows, allowing us 
to use the windows as large projection surface if the need should arise. 

Simulating Geographic Distance – By using a movable and sound-proof wall to divide the 
large team space (see Figure 1, number 3), two smaller studios can be created to simulate 
geographic distance, enabling the researcher to simultaneously visually observe the two 
groups from the elevated ‘observation bridge’ while staying in complete control over the 
technical environment at both sides. 

Individual vs. Group Work – A private communication area will enable side conversations
in distributed collaboration (see Figure 1, number 9). Participants wanting to engage in a side
conversation simply move to the side conversation area where they communicate without 
interrupting the others, while still overhearing the large meeting. To facilitate effortless moves
between individual and collaborative work, users will have the ability to create semi-private
spaces via the use of storable, retractable privacy screens. Retractable room dividers able to 
be reconfigured into various convex and concave shapes to encourage different types of work 
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offer another interesting concept. For example, the convex side would promote individual 
work by pushing people apart, while the concave side would promote collaborative work by 
bringing people together. 

Unremarkable Technology – In the design of the new studio much effort has gone into 
integrating technology into the architecture (i.e. displays and interaction devices are integrated 
into the walls). One example of unremarkable technology is an interactive window, i.e. 
plasma screens fitted with window framing and integrated into the modular walls (see Figure 
1, number 8). Displaying a nice picture or view from a remote camera fulfills the illusion of a
window-to-the-world. This ‘window’ can also be used as a normal display area for notes, 
conferencing or computer graphics.

Memory Space – To enable a memory space for several teams that may share the same
physical space, some information persistence is required. This basically means that the
information can remain essentially unchanged between sessions. If the team works with 
virtual objects, such as CAD drawings, a session management system makes it possible to 
recall previous work sessions. Persistence when interacting with physical artifacts is more
cumbersome, but by using portable and lightweight whiteboards and storage compartments on 
wheels, these artifacts can at least be stored locally between sessions. 

Identity, Culture and Symbolism – In a distributed meeting, culture and identity are even 
more central; therefore, clearly visualizing the identity of a remote space can further enhance
the collaborative feeling of being a distributed team. A backdrop of a local landmark enhances 
the feeling of collaborating with people in one specific place and not just with people in an 
anonymous studio located in the next building. By changing the identity in both remote
collaborative spaces to the same theme, an extended room can be created where the local
space ‘reaches out’ into the remote studio and promotes a feeling of working together as one 
team in the same room. The aim has also been to reflect elements of the culture of northern
Sweden (northern lights, midsummer night sun, ice, snow etc.), while the environment
associates visitors and users to the future of work instead of how they work today or have 
worked in the past. 

7. Conclusion
The collaborative workspace described in this paper responds to the increasing demands
globalization has placed on design teams working in industry by offering an environment for
research, education, and practice. Here, design activities can be monitored and observed by 
researchers, and the technological and physical setup of the studio can be rapidly re-arranged 
to fit the needs of the workspace users. The studio provides an opportunity to observe both 
co-located and distributed design teams in action, and to automatically collect data on the use 
of the workspaces. The possibility to simulate geographic distribution in an “extended room” 
fashion is likely to greatly impact engineering education, since it allows for design students to 
experience at least some of the opportunities and challenges of working in a distributed team.
The versatility of the studio allows for endless possibilities to rapidly implement and evaluate 
emerging technologies, tools, and workspace concepts.

The studio will be physical proof of our research group’s intention to continually improve the 
opportunities for successful collaboration in global design teams. It is also evidence of our 
outlook on collaborative design as a highly complex process, including a multitude of social,
technical, and cultural activities that we as researchers need to closely observe for a better
understanding. Further, the studio embodies our belief that students must experience 
distributed collaboration first-hand to excel at it, with versatility being a key aspect of such 
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modern design collaboration. Industry team workspaces are used by many different groups of 
users, with different demands and work methods; hence, the ability to quickly adapt a 
workspace to the situation is critical to the performance of the team. Rapid transitions
between co-located and distributed work, individual and group work, and listening and acting 
require that the supporting tools and technologies as well as the surrounding physical 
environment offer the capability to support creative teamwork without disruption. 

Our intention has been to create a rapid-response environment, where we can evaluate the 
significance of issues raised through ethnographic observations of engineering work and then 
offer solutions to these relevant issues. The new studio can thus be seen as a reification of our
iterative research approach, where the basic methodological argument is as follows: 

1. Scoping ethnography [37] is carried out to identify issues that appear to be relevant to
the design of collaborative environments, methods and technologies. 

2. The actual significance of these issues is evaluated in the studio, which acts as a test-
bed for both ‘real-world’ development projects and Scenario-Based Design [26] 
activities.

3. Proposed solutions to significant issues are rapidly implemented, after which the 
research cycle is iterated in a continuous process of scoping, evaluation and
implementation.

Future work includes further exploration of concepts to meet the needs and rationale 
described in this paper. The inauguration is planned by early spring 2006. 
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