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A glossary of key notions for team cognition

 
Boundary
 An imaginary/felt demarcation between specialists, 
 departments or functional units. Specialists across the 
 boundary find it hard to understand each other's 
 practices
Boundary objects  
 A broad range of objects, observable by many team 
 members, that are plastic enough to adapt to be used 
 in distinctive practices; yet robust enough to maintain 
 a common identity across practices
Boundary events 
 Meaningful, demarcated events experienced by many 
 team members, plastic enough to adapt to distinctive 
 interpretations within practices; yet robust enough to 
 maintain a common identity across practices
Boundary spanning roles 
 Roles that facilitate the sharing of knowledge between 
 groups that are separated by location, hierarchy or 
 function
Design
 Devising products (tangible and intangible) in which 
 human needs, likings, tasks and particularities are 
 placed centrally. Focus is on the product’s usability; 
 experience of use; meaning attribution; and elicited 
 emotions
Distributed teams
 Teams that are composed of sub-teams that are 
 spatially, culturally and/or organizationally separated   
Frames
 Perceptual frameworks that categorize what we see 
 and what we know and guide our conscious thinking
Practice 
 What people do: recurring and improvised activities; 
 the tools and objects deployed; social identity; how 
 work is done; how knowledge is produced
Team cognition
 The binding mechanism underlying the observable 
 alignment and coordination in activities of team 
 members interacting and dealing with situations that 
 are encountered
Team consciousness 
 Explicit alignment and coordination of activities at 
 team level, either by means of communication or by 
 means of standards, procedures, etc. 
Team mind
 Implicit alignment and coordination of activities at 
 team level as a result of heedfully interrelating team 
 members
Team reflection in action
 The intentional and active development of plausible 
 images that rationalize what we are doing 
 (or what is happening)
Team sensemaking
 The ongoing retrospective development of plausible 
 images that rationalize what we are doing 
 (or what is happening)

This thesis is an in depth exploration of the 

practice of new product development (NPD). To 

develop complex products, large 

multi-disciplinary teams are necessary that are 

nowadays located at multiple sites around the 

world. The teams deal with many topics 

requiring the expertise of several specialists 

simultaneously. They have to decide together if 

something is a problem; negotiate whose 

problem it is; propose multi-disciplinary 

solutions; and align their activities into a 

seamless whole. Stated differently: team 

members have to ‘think collectively’. A large 

part of this thesis is about understanding this 

elusive topic, which is named team cognition.

One of those specialists inside the NPD teams is 

a designer, focusing on the usability and 

experience of use of products. Although there is 

a vast body of literature on both NPD and 

design, literature on designers in teams is 

remarkably absent. 

This thesis attempts to fill this gap and frames 

designers in-the-wild, interacting with many 

others. The findings establish a strong relation 

between the practice of designers 

and team cognition in NPD teams.
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“I fell back asleep some time later on

And I dreamed the perfect song

It held all the answers, like hands laid on

I woke halfway and scribbled it down

And in the morning what I wrote I read

It was hard to read at first but here’s what it said

Eid ma clack shaw

Zupoven del ba”

 

Bill Callahan - Eid ma clack shaw (2009)
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Preface

In 2005 I listened to a lecture of a politician who discussed a difficult paradox. He stated 
that from a humanistic perspective, people living in poor countries have the right for 
the same standard of living as we have. But if all people obtain this lifestyle, all resources 
available in the world would be exhausted within a decade, leaving the world an 
inhabitable place. He had no answers. The lecture annoyed me and I had a long discussion 
with him afterwards. Not because the paradox is unreal, but because it was framed in 
an ‘either/or’ kind of argument. He did not believe that people could actually solve the 
paradox, as I put forward. Probably he considered me a naïve designer and I considered 
him a cynical politician. The discussion articulated the distinctive ways of thinking 
between a politician who has to decide wisely between options, and a designer who 
develops options. Either way: I learned that I truly believe that people are creative and can 
solve problems, even if these are large, and even if we are the cause of the problems. This 
thesis in a way is the result of the discontent I felt that day. It does not solve the paradox 
itself (sorry for that!), but is inspired by it. 

I became aware that solving complex problems isn’t a personal endeavor: these require the 
skills and knowledge of many persons together. I am a designer and thus I look for what 
I can do within my capabilities and using the possibilities the world offers me. I do not 
work on large societal problems, but on complex products that require many specialists. 
The underlying problem is the same: many specialists need to work together in order to 
devise solutions none of them can conceive on their own. The question is: how do teams 
of specialists ‘think collectively’? And: how can I contribute to these teams as a designer?

These questions incited a personal quest and resulted into the thesis before you. It 
is about team cognition: how teams of persons with rather distinctive expertise ‘think 
together’. To solve problems, incomprehensible for each of the team members. Or to 
come up with exciting possibilities no one ever could have conceived on his own. The 
perspective adopted concerns the social dimension of product development: interacting 
individuals. 

This thesis explores multi-disciplinary teams in-the-wild and provides new 
explanations for team cognition and what designers contribute. Salient empirical 
observations are compared with the field of knowledge, resulting into a new framework. 
It considers team cognition a dynamical system of team members and their environment. 
The insights are validated by means of range of experiments performed in large 
development teams, composed of sub-teams that are dispersed globally, speak different 
languages and belong to different organizations. 

Reading guide
The practice of NPD is not exactly a neatly ordered process and several topics are 
addressed that may seem to require a separate study, yet could only be understood by 
exploring them together: team cognition, designing in teams and distributed teams.  
Consequently the thesis is of interest to various readers.
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•	 Those interested in a snapshot of what I did: please read the summary of this book. It 
provides a feel for the inquiry conducted.

•	 If you are interested in the dualistic position of a practitioner-researcher and how I dealt 
with that by means of an unusual method: please read chapter 2, chapter 11.1 and 
chapter 12.3. Together these present well a ‘Deweyan inquiry’.

•	 If you are interested in team cognition and/or the practice of product development, 
chapters 4 up to 7 can be read as a separate study revolving around the question what 
factors constitute team cognition, how and why. Additional conclusions are drawn in 
chapter 12.1 and 12.4. 

•	 If you are interested in what designers contribute to multi-disciplinary teams,  
I recommend reading the summary to understand the framework plus chapters 8 and 
9. These concern a separate study on what designers contribute to team cognition. 
Additional conclusions are drawn in chapter 12.2 and 12.4.

•	 If you are interested in distributed teams in NPD in-the-wild, I recommend reading the 
summary to understand the framework on team cognition and chapter 10 and 11.

Thanks!
It would be odd to write a thesis on team cognition all by myself. Many persons 
contributed to this thesis, most of you even without knowing it! I would like to thank 
all of you for your support, starting with my supervisors. Jan and Frido, thanks for your 
endless enthusiasm you had for anything I brought with me. I really enjoyed our long 
discussions that taught me that even in seemingly small details a world of new insights 
resides. Jan, I am still in doubt how you coached me. Whatever I was doing: you seemed 
to be a step ahead of me, doing valuable suggestions that I only understood weeks later. 
Frido, I am really grateful for your ongoing feedback, comments and suggestions. Above 
all our first meeting was unsettling, as you were capable to sketch out within minutes 
the ‘method’ I was working on for months! I’m looking forward to co-author several 
publications with both of you.

In the process of reviewing, I learned that parts of the thesis needed to be restructured 
thoroughly, on the eve of publishing. It was not the best period in my life, yet I’m truly 
grateful you were so involved to share your concerns and recommendations: Howard, 
Zaana, Paula, Han, Jacky and Ad. I still regret I did not involve you in an earlier stage.  
It urged me to pass on the design of the thesis to a professional and I called an old friend, 
Marcel, who did a marvelous job.  

Most of the studies in this thesis I did together with several co-researchers, who gladly 
joint my quest and added invaluable insights. Fred, Eddy, Lilian and also Pieter-Jan, 
I really enjoyed our ‘KWR’ period and in hindsight all pillars this thesis is built on 
were constructed in that period. Above all, I’m in great depth for the sticky words we 
developed that seem to wrap up the findings perfectly, such as ‘the right fidelity’! Other 
co-researchers are the students who participated at some moment in time. Valina, Isabel, 
Anna, Wouter and Merijn: I hope you enjoyed our lengthy and inspiring discussions as 
much as I did. 

Many researchers mention that ‘they stand on the shoulder of giants’, to explain that 
their findings are rooted in theories created by notable thinkers of the past. However, 
I rather refer to the ‘giants’ that helped me to understand team cognition: the (many) 
skilled colleagues and managers who were happy to share their views with me. I am afraid 
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that many of the insights in this thesis are for you merely ‘difficult words for what we do 
around here’. I can’t name you all, but I’m pretty sure you know who I mean. A group 
that deserves to be mentioned separately are my Océ Design colleagues. Not only you 
‘tolerated’ for quite some time my strange behavior, but also you were truly interested in 
what I was doing. Every designer seems to be a reflective practitioner. Also, thanks for the 
jokes about my study every now and then, I needed that. A special thanks is for Jo, my 
manager. Without your unconditional support I would never have been able to pursue 
this quest to an end.

En tot slot ben ik dankbaar voor de steun van de aller-belangrijke mensen om mij heen: 
mijn gezin en mijn moeder Els. Jacky, ik heb je altijd naast me voelen staan, zelfs toen ik 
getransformeerd was in een ‘wandelend hoofd’. Eigenlijk ben ik nog het meest dankbaar 
hoe we ons tot op de dag van vandaag ‘samen oplopen’, hoewel jij toch echt beter boeken 
kan schrijven dan ik. En dankjewel, Ceder, Helder en Elan, voor jullie geduld als ik weer 
eens moest schrijven. Maar soms moet je wel eens iets doen, simpelweg omdat je voelt 
dat je het moet doen. Ongeacht hoeveel moeite dat kost en zonder dat je de afloop kent. 
Ik hoop dat jullie dat ooit ook mogen hebben. Tot die tijd, hoop ik nog veel met jullie 
samen te mogen doen!
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Institution
of the
Problem

An explorer can never know what he is exploring until it has been explored 

(Bateson1972: p. XXIV)“
”
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Chapter The hidden designers in teams
Introduction

This thesis explores the contribution of the practice of designers to multi-

disciplinary New Product Development (NPD) teams. In this introductory 

chapter it will be argued that a gap exists in the body of knowledge on 

design. On one hand there is much literature on NPD teams, however 

designers are remarkably absent. On the other hand there is much 

literature on design, but that tends to ignore the multi-disciplinary teams 

many designers are part of. In this chapter it will be shown that designers 

add ‘something’ to what is named team cognition, but that designers are 

unaware of this contribution. This unawareness becomes problematic 

for distributed teams as interactions between team members are severely 

reduced. This gap results in three research questions.

1
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Many products are complex, such as printers, cars, medical equipment, or ICT 
equipment. Developing these products requires too much knowledge and know-

how to be held by one person. A range of specialists need to work together and integrate 
their knowledge, including mechanical engineers, software engineers, planners, physicists, 
designers, usability experts, and marketers. In time, the collective efforts of team members 
result in a unified and coherent whole, namely the eventual product. This is not as simple 
as it may seem, for two reasons. 

First, the impact of specialization is that team members find it harder to understand 
each other, due to their different backgrounds, experiences and interests (e.g., Dougherty 
1992; Bucciarelli 1994; Carlile, 2002; Kleinsmann 2006; Smulders 2006). Hence, there 
is a trade-off between knowledge specialization and integrating this specialized knowledge 
(Postrel 2002). 

Second, NPD is about interacting and collaborating individuals. As a result they 
possibly produce something that could not be conceived by one of them beforehand: 
“collaboration is the process of shared creation: two or more individuals with 
complementary skills interacting to create a shared understanding that none had 
previously possessed or could have come on their own” (Schrage 1995: p.33). Complex 
products are not the fruit of a ‘lone inventor’ (Berklun 2010: pp.70-81), rather any 
invention or new product is the fruit of a network of specialists. None of the specialists 
can oversee what needs to be done and by whom, or predict what the collective efforts 
will result into. Specialists have to ‘think together’ in order to develop a new product. The 
perspective adopted in this thesis frames NPD as a social process, in which team members 
communicate, interact, negotiate and reconcile their individual. Theoretical frameworks 
for the social dimension in NPD are rare (Subrahmanian et al. 2011; Smulders & Bakker 
2012).

One of the roles inside NPD teams is that of a ‘designer’, who is placed centrally in this 
thesis, for no other reason than that I am a designer myself; a designer with nearly two 
decades of experience. Since 1996 I’m a designer at Océ Technologies BV., working on 
complex products in multi-disciplinary teams. Océ, nowadays part of the Canon Group, 
is a large multinational provider of document management and printing systems for 
professionals, and will be properly introduced later on. I am well aware of the excess of 
meanings that are attributed to ‘design’ and therefore also to ‘designer’. It will be discussed 
and defined in this chapter, providing the boundary conditions. For now, it suffices to 
mention that in this thesis, ‘design’ stands for devising products in which human needs, 
likings, tasks and particularities are placed central. And a ‘designer’ refers to a role which is 
predominantly concerned about the user of a product, and devises solutions for the needs 
of a user. 
Designers as team members of multi-disciplinary teams seem to be largely overlooked. 
There is a vast body on literature on NPD and/or innovation, but “design has been largely 
absent from theory, teaching, textbooks, and research” (Hobday et al. 2011: p.5). Also, in 
the many popular books and magazines on ‘design’, interactions with non-designers are 
largely overlooked, and teams are hardly discussed. This is hardly different for scientific 
publications on design that seldom discuss interactions between designers and other 
specialists, such as engineers. This will be discussed in depth in chapter 1.2. Designers are 
framed apart from the others, as a profession that has its own logics, principles, norms 
and that can be practiced relatively apart from those others. 
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What is overlooked is the level of designers acting in teams, and interacting with other 
team members. It is a gap of which I was also fully unaware, until a specific situation I 
encountered incited doubt. This will be explained shortly hereafter in chapter 1.1. It made 
me aware of the need to understand the contribution better, in order to devise courses 
of action that enhance the collaboration of designers in teams. Studying the mechanisms 
that link individual designers and the teams they are part of, possibly creates a sound 
coupling between cause and effect, showing what designers (can) contribute. The purpose 
of this thesis is to provide a social perspective on NPD and designers, and the preliminary 
research question is fairly open ended:

What is the contribution of designers to multi-disciplinary NPD teams?

Figure 1.1 provides an overview of this chapter. First the doubtful situation will be 
presented that incited the inquiry described in this thesis (chapter 1.1). Subsequently, 
a literature review will be presented on the field of knowledge on the contribution of 
designers to teams (chapter 1.2). In chapter 1.3 Océ and Océ Design will be described 
that provide the empirical context for the inquiry. In chapter 1.4 the problem will 
be instituted, linking the activities of designers to what is named team cognition. 
Understanding team cognition is the topic that will receive most attention in this thesis. 
In chapter 1.5 the focus of the inquiry is described, including the three main research 
questions.

A doubtful situation: 
distributed teams     (1.1)

Field of knowledge: 
designers  in teams (1.2)

Introducing: 
Océ Design              (1.3)

Institution of 
the problem: 
team cognition 

           
               (1.4)

Focus of 
the inquiry 

           (1.5)

Figure 1.1 
An overview of chapter 1

 1.1 A doubtful situation: distributed teams
The dominant organizational form for NPD is a team, which is defined in this thesis as:

A distinguishable set of two or more people who interact dynamically, interdependently 
and adaptively towards a common and valued goal/objective/mission; who have been 
assigned specific roles or functions to perform, and have a limited life-span of interest 
(Salas 1992, cited in Mathieu et al. 2000). 

Slowly but inevitably the teams I am part of as a designer in Océ changed last decade, 
following a larger trend. The team composition and structure transformed from co-
located teams, whereby all involved are located in one project room, to teams, which are 
dispersed across sites over the globe, located in France, Rumania, USA, Canada, Japan or 
Singapore. I am well aware that the ‘distribution’ of team members varies considerably (as 
will be discussed in chapter 10), and a generic definition is:

Distributed teams are teams whereby the members are spatially, culturally and/or 
organizationally separated. 

The scope of the activities for the Océ designers, part of distributed teams, are severely 
limited compared to the design activities for co-located teams. Océ Designers in  
co-located teams have a wide range of activities, including the product design and 
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user interface design; the user – product interaction, for example how a user performs 
his tasks; and also the user-system interaction. With ‘system’ the entire eco-system of 
product (-s) and related software applications is meant, beyond the scope of Océ products 
(Stompff et al. 2008). 

For distributed teams the activities are often reduced to ‘skin deep’ design: developing 
the product styling as an enveloping skin around the technology. The designers have no 
influence on technical lay out, or on the functionality offered. Also, designers are asked 
to specify the colors and icons in user interfaces, however without influencing what and 
where functionality is offered. Without denouncing styling, it is a limited set of activities, 
at least for the designers at Océ. They are accustomed to discuss with a project leader what 
the product is about, and to negotiate with other developers on technological choices that 
impact the user. 

For designers at Océ, working ‘embedded’ in NPD teams differs considerably from 
working apart from NPD teams, i.e., in distributed teams. To ‘embed’ means to “enclose 
closely in; to make something an integral part of” (Merriam-Webster online dictionary). 
Designers feel no longer part of the teams, their activities are separated from other team 
members, and also the scope of activities is limited. In hindsight, it showed that in Océ 
the limitation is fairly persistent for all distributed teams. It resembles a theme that often 
can be heard in the community of designers: designers are hampered concerning the scope 
of their work. The assignments they get are lacking depth and they feel as being treated as 
‘cake decorators’ (Porcini 2009). 

Despite the imposed burden, I experienced no doubt. I assumed that distributed teams 
for ‘obvious’ reasons hamper collaboration, namely due to the distance, language 
differences, different organizational structures, and the lack of shared culture. Designers 
have a contribution to teams, and the situation of distributed teams put limits to the 
contribution. Among others, the result is that the contribution of designers is limited to 
rather generic notions on design. If anything needed to be changed, it concerns the nature 
of distributed teams. 

However, in 2008 the character of the collaboration of Océ designers with a German 
R&D site, changed considerably, after nearly a decade of working together. The project 
leader had difficulties to explain his NPD project to other stakeholders, including senior 
management and marketing. By means of developing ‘visual scenario’s’ together with the 
designers at hand, eventually a fruitful agreement was established with the stakeholders 
(see Figure 1.2). Designing was no longer a skin deep activity, developing a skin around a 
box filled with technology. Rather it was about ‘what the project is about’. The activities 
of designers all of a sudden started to resemble the situation of designing as part of co-
located teams, even though the team still was distributed. Stated differently, after a decade 
of collaborations, what designers contributed to teams beyond what is formally expected 
of them was also recognized in the German Océ site (Stompff et al. 2008). 
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Figure 1.2 
The Océ ColorStream 10000, an ‘on-demand’ full color printer, e.g., for books. The sketches on the left depict 
conceptual studies of product designers, that served as ‘visual scenario’s’ for dialogues between the project leader 
and stakeholders. These served well to discuss ‘what the product is about’. It marks a transition in the character 
of the role of designers in distributed teams, after ten years of working together.

Although the changing role-expectancies were welcomed by me and other designers, it 
also caused serious doubt. At that moment I became aware that distributed teams possibly 
were not the root problem, but merely amplified another problem. Namely, designers 
contribute ‘something’ to NPD teams, whereby ‘something’ is not understood explicitly: 
not by designers themselves, nor by other team members. It is also not described in 
the literature on NPD or on design. ‘Something’ that manifests only in prolonged 
interactions of designers and others: the social dimension of designing. ‘Something’ that is 
remarkably hidden. 

The changing collaboration with the German R&D site demonstrated that the 
contribution is not necessarily limited to designers who are embedded in teams. It is the 
poor understanding on ‘something’ that designers add, which limits the expectancies 
on the role of designers to rather generic and superficial notions in new collaborations. 
As a result of interactions, in time this ‘something’ surfaces. Unfortunately, for 
distributed teams the interactions between team members (including designers) are 
severely reduced, and it takes a decade or so before this ‘something’ that designers add 
to teams is recognized. As many teams have a limited life-span, a decade is far too long. 
Understanding this ‘something’ that is related to the social dimension of designing can 
improve the collaborations of designers in NPD teams in general, and in time enhance 
the contribution of designers for distributed teams.

In order to do so, this inquiry must start with studying co-located NPD teams in 
which designers are embedded, rather than studying distributed NPD teams. I need 
to understand what designers contribute to NPD teams if designers are embedded in 
teams. Stated differently: if designers interact and work closely together with other 
team members as part of the team. Only if an understanding has arisen on ‘something’ 
that designers contribute to teams beyond generic role expectations, I can reason about 
distributed teams. And also conduct experiments to validate insights, including what 



21

to do in order to enhance my contribution as a designer to distributed teams. These 
distributed teams provide a perfect playground to validate insights, precisely because of 
the lack of interactions. It takes years of collaborating before the hidden contribution 
of designers to teams surfaces. Any experiment that leads to results quickly shows that a 
better understanding has arisen. 

 1.2 Field of knowledge: designers in teams
In this section a literature research on the contribution of designers to teams will be 
presented. This review unfortunately includes the problem of defining ‘design’, which is 
a worn out notion, deployed for numerous topics. To start with, ‘design’ is both a verb 
and a noun. Design is a process of creating something, and the result of this process. In 
this thesis it will be solely used as a verb: the activity of designing. However, even as a 
verb ‘design’ is a terribly accommodating term, defying any definition agreed upon by 
practitioners and researchers in the field. This problem of definition underlies the body 
of literature and therefore many publications are hard to compare. What is meant with 
‘design’ in this thesis needs to be addressed first (chapter 1.2.1). Subsequently, what the 
role is of ‘designers’ will be addressed (chapter 1.2.2), and their contribution to teams 
and organizations (chapter 1.2.3). Lastly, studies on interacting designers are presented 
(chapter 1.2.4). 

 1.2.1 A definition of design
Below briefly the three main perspectives on design are discussed.

A cognitive perspective
The most all-encompassing, short definition for design is: “every one designs who devises 
courses of action aimed at changing existing situations into preferred ones” (Simon 1996 
3rd ed.: p.111. Note that I cite the third edition of this seminal book. Simon made 
considerable changes since the first edition in 1969). Simon discerned designing as a 
characteristic way of problem solving. His argument is that due to the limited cognitive 
capabilities, humans cannot oversee all aspects of a problem. And whereas scientists 
discover laws that govern reality in order to solve problems, designers invent solutions in 
order to solve problems (Simon 3rd ed. 1996: pp. 114-116). And whereas managers decide 
among alternatives in order to solve problems, designers develop alternatives (Boland 
2004; Liedtka 2004). The designers’ approach is a way of reasoning that is required when 
little is given, but many things are required (Roozenburg & Eekels 1995). Within NPD 
teams with numerous specialists, designers can be discerned by the way how they solve 
problems: by means of invention, focusing on solutions (Friedman 2003; Visser 2006; 
Cross 2007, Visser 2008). Unfortunately, ‘design’ is thereby used so broadly, that the 
entire act of NPD fits the broad definition of Simon. Note that the fast growing body of 
literature on ‘design thinking’ adopts this stance, as will be discussed shortly hereafter.

A process perspective
This omnipresent perspective on design depicts design as: “the activity to turn 
requirements, functions, needs and goals into concepts and eventually specification for the 
implementation and production of the product – products in the widest meaning” (Visser 
2006 & 2008). As the influential Product Development and Management Association 
adopted a comparable definition on design in its handbooks on NPD (Kahn et al. 2004), 
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a vast body of literature exists that adopted the process perspective on design. Again, 
design is so broadly defined that it almost completely overlaps with NPD. ‘Design’ and 
‘NPD’ refer roughly to the same and therefore hardly can be studied. The role of designers 
can no longer be discerned from other roles, potentially “slowing down scientific progress 
in the field of design” (Maldano, ct. in Verganti 2008: p.440). 
Notably, there is a tendency in NPD literature (e.g., Journal of Product Innovation 
Management) to define design in a narrower stance in order to discern it better from 
other NPD activities, adopting a humanistic stance, as described below. 

A humanistic perspective
Pushed by the large interest in ‘User Centered Design’ (UCD) and ‘Human Centered 
Design’ (HCD), design is often discussed in a humanistic perspective. UCD is a design 
philosophy/methodology in which the specific abilities, cognitive skills and cultural 
backgrounds of the users are given lead attention at each stage of the product development 
(e.g., Norman 1986, Norman 2004). HCD considers a somewhat wider perspective, 
including the specific (dis-) likings of users, their desires, and also their dignity and even 
human rights (Buchanan 2001: p.37; Steen 2008). What distinguishes a ‘designer’ from 
other developers and engineers is that he is concerned about improving conditions for 
people (Buchanan 1995, 2001; Margolin 1995; Baranauskas & Bonacon 2008). 

Interestingly, the distinction is also found in practice. Walsh reflected that it underlies 
the ‘watershed’ between engineering and design: “the most striking difference we observed 
was that between the contribution of the industrial designer and the engineer/engineering 
designer (..) The differences among most of the other design disciplines are less. (..) 
Industrial design makes a contribution to innovation (..) meeting the needs (..) of the 
user” (Walsh 1996: p.512). 
The humanistic stance on ‘design’ underpins a body of literature. It surfaces in four ways:
•	 The interest in the usability of products 

This concerns the ease of use and usefulness of products: an aspect well explored in the 
body of literate on User Centered Design and Human Computer Interaction.

•	 The interest in the experience of use 
This concerns the sensory experience of using products, beyond merely the visual   
experience (Shedroff 2001; Schifferstein & Hekkert ed. 2008).

•	 The interest in the emotions that products elicit  
This addresses the emotions that products elicit: whether the products are favorable  
or harmful to our concerns (Desmet 2002, DeSmet & Hekkert 2007). Designers aim  
to influence the emotional appraisal of products. 

•	 The interest in the attribution of meaning to the product 
This concern the meaning people attribute to products (e.g., Rochberg-Halton et al.  
1981; Krippendorf 1989, 2006). This is often associated with the semantics of  
products, but is followed also in other fields such as product branding (Stompff 2003;  
Karjalainen 2004; Roskam Abbing 2008), innovation (Verganti 2006, 2008 and  
2009), and marketing (Creusen & Schoormans 2005).

The three perspectives on design demonstrate how accommodating the word ‘design’ is. I 
take up a humanistic stance in this thesis, most of all because it fits what design means in 
the everyday practice of NPD in Océ, as will be discussed in chapter 1.3. 

Design is devising products (tangible and intangible) in which human needs, likings, 
tasks and particularities are placed centrally. 
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A designer in a NPD teams is a role that concerns devising products with a focus on the 
product’s usability; experience of use; meaning attribution; and elicited emotions of users. 

These definitions are sufficiently to-the-point to distinguish ‘designers’ from other NPD 
team members. Besides it is sufficiently generic to be comparable with what is (often) 
meant with design outside Océ. 

 1.2.2 The role of designers in organizations
In practice, a wide variety in what organizations mean by ‘design’ is noticed (Walsh 1996: 
p.510) and a wide variety is found for what organizations mean with a ‘designer’ (Perks 
et al. 2005). What a ‘designer’ accurately means in an organization can only be truly 
understood in the specific organizational context. Below an overview of distinguished 
roles is described related to ‘designers’, summarizing the few available empirical studies. 
•	 The designer-as-specialist (Perk et al. 2005) turns a briefing into a proposal, which 

is accorded by gatekeepers. The required skills are traditional design skills, such as 
aesthetics and visualization. This kind of role can be found in NPD processes that are 
characterized by incremental innovations and relatively short projects.

•	 The designer-as-‘team member in a multifunctional team’ (Perks et al. 2005). It is 
found that designers as team players enhance communication and interfacing among 
other departments. This will be discussed more in depth in chapter 1.2.4.

•	 The designer-as-‘NPD process leader’ (Perk et al. 2005, Jang et al. 2009) drives and 
supports the entire development process. This role of designers emerged in the case 
of ‘radical product development’ and when both advanced technologies need to be 
implemented and markets are competitive. 

•	 The designer-as-integrator (Fujimoto 1991) fulfils the role to integrate knowledge 
of many specialisms into products thereby securing ‘internal and external product 
integrity’ (Clark & Fujimoto 1991). This kind of role is found for products that 
require intensive user interactions, for exmple camera’s. 

•	 The designer-as-interpreter (Verganti 2008) supports the dialogue in a network built 
up around organizations. These ‘interpreters’ translate latent needs into radical new 
‘product meanings’. 

•	 The designers-as-’technology broker’ concerns an implicit role of designers (Hargadon 
& Sutton 1997). Designers in design consultancies span multiple industries and 
fluently use the knowledge gathered from one industry in another. This brokering 
creates breakthrough innovations, as discussed in chapter 1.2.4.

The distinguished roles of designers are shaped by several contextual aspects, such as 
the ‘form of design’, i.e., the type of product to be designed (Walsh 1996; Carvalho 
et al. 2009; Visser 2009). For the role of a designer, it matters whether designers work 
on textiles, high tech products, services, packaging, advertisement, fashion and so on. 
Also the historical and cultural context of organizations shapes the role of a designer, 
including the organizational location of designers (Walsh 1996; Perks et al. 2005). 
Designers can be part of R&D, of marketing, of manufacturing, or are organized in a 
separate organizational entity as a ‘design centre’. Walsh argued that the role of designers 
can poorly be mapped on the natural organizational structures of companies. Designers 
contribute not only to R&D processes, but also to marketing activities of both new 
and existing goods and services (Walsh 1996: p.517). Similarly, designers poorly fit 
within organizational boundaries: the discussions of in-house designers versus external 
design consultants demonstrate that the role of designers includes a paradoxical polarity. 
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According to some, designers need to be embedded within an organization (Karjalainen 
2004; Stompff et al. 2008; Czarnitzki & Thorwarth 2009), and for others it needs to be 
external, close near markets and users (Verganti 2008, 2009). 

 1.2.3 The contribution of designers for organizations and teams
Below, a purposeful sample from the body of literature presents what designers add to 
organizations. It shows that a gap exists in the literature.

On one hand, there are publications that focus on individual designers (e.g., Dorst 
1997; Dorst & Cross 2001) and/or on mono-disciplinary teams of designers (e.g., 
Valkenburg 2000; Stempfle & Badke-Schaub 2002; Dong 2005; Kolko 2010a). Their 
significance for this inquiry lies in understanding what designers do, how they think, 
what their strategies are. However, these studies provide no insights in the contribution of 
designers to teams and organizations. 

On the other hand, there are publications that explore the contribution on ‘design’ for 
organizations, with a variety of conclusions. Inherently the studies incorporate the myriad 
of meanings attributed to design and are hard to compare. These studies roughly can be 
categorized in:
•	 Studies that relate design and overall company performance, measured by financial 

indicators such as stock market indices, or profit (Walsh et al. 1992; Gemser & 
Leenders 2001; Platt et al. 2001; Design Council 2004; Hertenstein et al. 2005; 
Candi et al. 2010). Most attempted to find correlations between on one hand ‘design-
mindedness’ of organizations (according to experts, indicated by design awards or 
expenditures on design); and on the other hand performance indicators such as profit 
or shareholders value.

•	 Studies that relate corporate strategy with design (Ravasi & Lojacono 2004; Brown 
2008; Stompff et al. 2008). As strategy is hard to measure, the studies are somewhat 
anecdotic and based on case studies and/or arguments.

•	 Studies that relate corporate innovativeness with design (Verganti 2003, 2006, 2008; 
Veryzer 2005; Veryzer & Borja de Mozota 2005; Marsili & Salter 2006; Czarnitzki & 
Thorwarth 2008). E.g., innovation indicators such as ‘new to market’ are compared 
with design expenditures or to collaborations with in-house or external designers.

These studies predominantly take a means and ends perspective, for example attempt 
to settle what ‘design’ adds to profit or business success. Thereby the publications leave 
open what factors in the work of designers are mediating the positive contribution, let 
alone how and why the factors are contributive. Fortunately, a wide range of cases fill his 
gap somewhat, provided, by the literature on design management (such as DMI review; 
Cagan & Vogel 2002; Borja de Mozota 2003; Neumeier 2003; Von Stamm 2003; Best 
2006; Utterback et al. 2006; Walton eds. 2008; Brown 2009; Neumeier 2009; Verganti 
2009; Roscam Abbing 2010). These cases are anecdotic examples or personal reflections. 
The publications give ample considerations what designers contribute to teams and 
organizations, such as ‘creativity’, ‘lateral thinking’, ‘abductive thinking’, ‘visual thinking’, 
‘user centered thinking’, ‘prototyping skills’ and so on. Yet even these publications 
generally frame designers apart from others, such as in a designer and a client relation. 

Designers are quintessentially considered a distinctive practice, apart from others. 
What happens when designers are part of NPD teams and interact with others is 
overlooked, let alone what the positive effects are of the interactions. 
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 1.2.4 The contribution of interacting designers
A few empirical studies have been conducted to explore the value of designers for 
organizations, thereby observing interacting designers in ,as will be discussed below. 
Also the growing number of publications on ‘design-driven innovation’ (Verganti 2008, 
2009) and ‘design thinking’ (e.g., Boland & Collopy 2004; Brown 2009) take a social 
perspective (Hobday et al. 2012) and provide some clues. These will be discussed 
subsequently. 

Empirical findings
Hargadon & Sutton (1997) studied IDEO, a design firm in the US that serves many 
clients across industries. These scholars found that designers are technology brokers: 
“designers exploit their access to a broad range of technological solutions with 
organizational routines for acquiring and storing the knowledge in the organization’s 
memory and, by making analogies between current design problems and the past 
solutions they have seen, retrieving that knowledge to generate new solutions to design 
problems in other industries (1997: p.716). The focus of this and subsequent articles 
(Hargadon & Fanelli 2002; Hargadon & Bechky 2006) is on technology brokering, 
rather than on designers. 

Nevertheless, relevant findings for this thesis are that designers are emphatic to users 
needs, which provides a specific framing that enables the invention of new opportunities 
for technology. Also the skill of designers to serve as a technology broker is grounded 
in “their connection to a wide range of relatively disconnected knowledge domains 
and their ability to create new combinations of the ideas that exist in these different 
domains” (Hargadon & Fanelli 2002: p.297). Noteworthy is that designers “need 
their clients for generating action as much as their clients need them for generating 
possibilities” (Hargadon & Fanelli 2002: p.299). They argue that designers serve as source 
of innovation for the organizations they collaborate with, however the designers need 
the organizations as much as the organizations need them. It underscores the need for 
interactions between designers and others.

Gulliksen et al. (2004) studied ‘usability professionals’ who are embedded inside software 
development teams in some Swedish companies. Although it is not about designers, the 
description of the role of ‘usability professional’ largely overlaps with the role of designers 
used here. One of the conclusions is that usability professionals must be part of software 
teams, participating in the everyday activities of the team. Because what they do should 
be visible, also for gaining mutual respect and understanding of their practices. They 
argue that the embedding in teams requires specialists that can work with the same tools 
and methods as other team members and have “communication skills, authority, the 
diplomatic skills required to argue for usability” (ibid.: p.584). This study of Gulliksen 
et al. frames designers in teams, however argues what it implies for designers rather than 
what it contributes to teams. 

Perks et al. (2005) also found the need for designers to communicate well in teams. These 
scholars considered the impact on the team. In their research on the roles of designers, 
they articulated a role of the designer-as-‘part of a multifunctional team’ (ibid.: p.120-
121). This role was found inside NPD organizations that develop products with long 
development cycles, and which consider design activities a crucial aspect of NPD. Under 
these conditions, designers emerge as key players of the team. They go beyond their 
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traditional skills, adding team-player skills. Designers enhance team communication and 
interfacing between other roles. The designers’ role was dominated by communication 
and interfacing activities. As such it was considered a support role to other functions, 
which was not always appreciated by the designers: “some designers prefer to remain pure 
to their function”(ibid.: p.120). The findings of Perks et al. are based on interviews, ex 
post. What factors in the work of designers enhance team communication and interfacing 
between other roles remains obscure, likewise how and why.

Svengren-Holm and Johansson studied the triad of relations between engineers, marketers 
and designers in four Swedish companies, with a focus on the designer (Svengren-Holm 
& Johansson 2005; Johansson & Svengren-Holm 2008). The study focused on 
problematic relationships between designers and the others. It was found that the 
relation of engineers and designers became constructive, though it took time and many 
interactions. The engineers adopted a somewhat more creative way of working. The 
relation between marketers and designers was troublesome, showing rivalry, and was 
rooted in the observed differences between them. It was argued that the differences are 
moderated through the fundamental different backgrounds: marketers rely on surveys 
and numbers, whereas designers rely on intuition. Typically the designers did not seem to 
change: they function in way as a “catalyst”: changing their surroundings but not as much 
themselves (Johansson & Svengren-Holm 2008: p.11). Also this study shows the impact 
of interactions of designers with others for teams.

Design-driven innovation
After his investigations concerning successful and innovative companies in Italy and the 
role of designers thereby (Verganti 2003, 2006), Verganti induced a theory on ‘design-
driven innovation’ (Verganti 2008, 2009). He argued that designers not only contribute 
by means of delivering ‘designs’ for new products, but also contribute to the ‘design 
discourse’ as part of a network of ‘key interpreters’. The discourse comprises lead-users, 
sociologists, artists, educational institutions, peer designers and so on. This enables sharing 
and recombining knowledge to deeply understand consumers, and build unique proposals. 
Design-driven innovation is not an answer to needs as articulated by users, but a dialogue 
with the aim to modify the market. The network of ‘key interpreters’ no longer fits the 
boundaries of organizations, and thus designers are positioned apart from organizations. 

Verganti’s insights provide some interesting clues for this inquiry. Verganti frames 
(distributed) teams as a collective of individuals who have distinctive roles, of which 
one is ‘designer’. Verganti considers designers an interpreter and broker for new product 
meanings, but who only can do so by means of the network. Reciprocally, designers 
contribute to the understanding of the networked team by showing what radical new 
products could be. It resembles ‘collective thinking’ of a network of people, and for which 
interactions are crucial.

Design thinking
Recently a rapidly growing interest in ‘design thinking’ can be noticed (Boland & Collopy 
eds. 2004; Boland et al. 2008; Brown 2009; Cooper et al. 2009; Rylander 2010). Design 
thinking frames design as a cognitive activity in order to solve problems and is discerned 
from other ways of thinking such as decision making. It is considered valuable for company 
goals. Within this body of literature a watershed can be discerned. 
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First, there are publications which concern the expectations of companies that 
collaborating with designers will result in new and exciting products (Brown 2008, 2009; 
Neumeier 2009). Or that designers can deal with large, complex societal problems. Brown 
defined ‘design thinking’ as using “the designer’s sensibility and methods to match people’s 
needs with what is technologically feasible and what a viable business strategy can convert 
into customer value and market opportunity” (Brown 2008: p.86). 

Second, there is a larger body of literature which concern managers thinking-as-
designers (Boland & Collopy eds. 2004; Weick 2004; Dunne & Martin 2006; Rylander 
2009). This school of thought is rooted in management studies, and defines ‘design 
thinking’ as “approaching managerial problems as designers approach design problems” 
(Dunne & Martin 2006: p.512). Intriguingly, both groups derived their main insights 
from interactions with designers. The interest can be traced back to the collaboration of 
the Weatherhead school of management with architect Frank Gehry (Boland & Collopy 
eds. 2004; Boland et al. 2008). 

For this inquiry, the discussions on design thinking are less of interest than the 
empirically derived insights from the collaborations with Gehry, because in that setting a 
team was operating with a (brilliant) ‘designer’. The main insights in the publications can 
be briefly summarized:
•	 The attitude of designers to consider any project as a new opportunity to create 

something extra ordinary.
•	 The distinctive way how designers use and a develop a vocabulary tailor-made for the 

projects at hand (see also Dong 2005, 2007, 2009).
•	 The extensive use of sketches and models, which enables emotional involvement of 

other participants.
•	 The balancing of ‘liquid’ and ‘crystal’ states, i.e., project phases in which no final 

decisions are made -to the extent of refraining from it- followed by phases were 
decisions are made. 

•	 The collaboration reshaped the original aims, and how it shaped the way how the team 
dealt with a ‘problem’. Instead of analyzing problems, and deciding what alternative is 
best, Gehry’s approach showed that in design problem and solution space co-emerge 
(for a comparable finding: Dorst & Cross 2001). Even when it is hard to devise a good 
solution, once the solution has emerged it will be recognized in the team. The problem 
of choice becomes trivial (Boland & Collopy eds. 2004: p.4). 

 1.3 Introducing: Océ Design
This thesis describes an empirical study on interacting designers, and below Océ and 
Océ Design are presented, providing the context for the inquiry (for publications on the 
design practice of Océ see Stompff 2003, 2008; Debije-Meessen & Jansen 2006; Den 
Bouwmeester & Stompff 2006; Karapanos & Mertens 2007; Stompff et al. 2008; Stompff 
et al. 2011). It will be shown shortly hereafter that designers of Océ Design are fully 
embedded in the Océ NPD organization, and collaborate both within co-located teams 
and with distributed teams. Thus, the context serves well to explore the research question 
on what designers contribute to NPD teams, as it enables to reflect on what ‘embedded’ 
designers within teams contribute, and to do experiments in the context of distributed 
teams. 
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 1.3.1 The company Océ 
The range of products of Océ includes hardware such as a printers, scanners, and copiers; 
software applications to manage documents; and services like digitizing archives. Océ’s 
headquarters are located in Venlo, The Netherlands. In 2010 Océ was acquired by Canon, 
to become the global leader in the printing industry. At the moment of conducting this 
inquiry the integration in the Canon Group is prepared and executed at all levels in the 
company. The Océ Group is active in eighty countries and employs some 22,000 people 
worldwide. It has a long history (Van der Velden 2008) going back to 1877, and is rooted 
in chemistry. It changed its core business several times, from coloring agent for butter, to 
office automation. Océ developed several root print-technologies, with mixed commercial 
results.

In 1996 Océ acquired the Siemens-Nixdorf printing division, the first in a series of 
acquisitions. These added expertise in technology, products, services and sales in (for Océ) 
new markets, such as the graphical industry. Nowadays, in addition to Océ’s largest and 
oldest R&D site in Venlo, eight other Océ R&D sites exist throughout the world. Each 
of the R&D sites has its own specialism, and most product developments involve several 
R&D sites. Also collaboration with Canon R&D is daily practice for many developers. 

Two characteristic aspects of Océ impact the role of designers inside the company:
•	 Océ is a business-to-business supplier. It is not about selling products, but about 

offering systems that fit in the environment of the customer. Hence, Océ products 
and services are bought by others than the users. The needs of clients (concerning 
functionality and service levels) are addressed in Océ by the departments of strategic 
planning, marketing and sales. The needs of users (concerning usability) are mainly 
addressed by Océ Design. 

•	 Ease of use is an acknowledged core value for Océ. The invention in 1981 of the 
‘green start button’ that automated several settings for easy copying was an important 
commercial success, even becoming an industry standard. Several later innovations 
in the field of usability stressed the importance of ease of use for business success. It 
provides the legitimacy for the Océ Design department. 

 1.3.2 The NPD organization
Even though a printer is a commoditized product, the knowledge required to develop a 
printer is huge (Geraedts 2010). Note that the development of technologically complex 
products requires two to ten years. Within any printer state-of-the-art knowledge is 
condensed in one functioning, reliable and usable product. Many knowledge domains 
are required, such as chemistry, physics, mechanical engineering, mechatronics, electrical 
engineering, software engineering, and design. 

Océ R&D is a ‘project-led’ matrix organization, as can be found at more high-
technology firms (Hobday 2000: p.878). Departments, based on specialisms, assign 
employees to NPD projects. Projects are the primary unit for the actual organization: 
most employees are assigned to one project only, while technology and knowledge is 
developed in projects. Océ has a structured innovation process (Brouns 2011), in which 
both technology development and product development are addressed. This process is 
essentially a stage gate process (Cooper 1990), with defined milestones which have to be 
accorded by the board. Although the NPD process is managed by means of stage gates, 
resembling a linear process, the actual development is iterative. The construction and 
testing of the series of integrated prototypes provides the heartbeat of an NPD project at 
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Océ. All critical stage gates which need to be passed are supported by a specific level of 
integrated prototypes, which synchronizes the formal milestones and the natural rhythm 
of NPD. 

The R&D site can be characterized as a flat organization in which responsibilities are 
delegated down to the employees. Employees are assigned by their department to fulfill 
a specific role in a project, and not to realize a pre-defined outcome. A specialist in a 
specific context knows best what to do, and not a manager nor a senior detached from 
this context. The implication is that team members develop and tune their goals, agenda’s 
and deliverables in accordance with team members around them, and in coherence with 
the product under development. A project leader develops a vision and a plan for an NPD 
project, and team members develop their vision and plans in accordance with that of the 
project leader and those of others.

NPD projects consist of twenty up to two hundred persons and are divided along the 
lines of ‘technical functions’ in the product: a technical module, such as a print head or 
a paper input module, the mechanical layout, or the software architecture of the entire 
product. All ‘technical functions’ are manned with specialists of several disciplines. Next 
to the ‘technical functions’, some topics are assigned to some team members, and are 
named ‘overall aspects’: those aspects which are influenced by all specialists, such as cost 
price, energy consumption, usability or environmental impact. These aspects are integral 
aspects of the development, as many individual decisions from all team members add 
to or subtract from the quality. The team members who are responsible for the ‘overall 
aspects’ collaborate and negotiate with team members of most ‘technical functions’.
The decision making unit in any NPD project, the ‘TC’ (Technical Committee), is 
composed mostly by team members who are responsible for developing a ‘technical 
function’ or an ‘overall aspect’. 

Many of the team members are located within a single physical space, regardless of the 
role deployed. It is believed that organizing team members in one room enables swift and 
short communication lines and enhances learning (see Figure 1.3). This figure shows how 
a large team sits in one space, closely together. The heart of any NPD project is the area 
where prototypes are built and tested, often accompanied with predecessors, competitor 
products and so on. It shows the profound reliance of NPD teams at Océ on prototyping. 

Figure 1.3
A typical NPD team, with most team members located in one workspace regardless role and seniority. 
The office space includes many prototypes of parts, integrated prototypes and competitor products. 
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I’ll briefly discuss the NPD project which served as the context for most of the 
observations in this thesis: the development of the Océ VarioPrint DP Line, launched in 
2011 (Figure 1.4), a printer aimed for production sites. It incorporates a new printing 
technology, named DirectPress which reduces significantly the number of steps for 
imaging. Fewer steps imply fewer parts enhancing relaibility, and also provide a better 
and stable print quality. Several innovations in this product reduce ecological footprint 
fundamentally, such as a heat exchanger, variable print-speed to optimize energy 
consumption, and ozone-less imaging. For Océ standards it is an extremely large project, 
with hundreds of FTE’s, spanning nearly a decade. In total four Océ R&D’s and six large 
co-developing partners contributed, located in ten different sites across Europe and Asia. 
Many parts and modules were outsourced. 

The architecture of the system, the development of key functions and the integration 
of all functions were done in the Netherlands by a team seated in two large office spaces. 
Without the co-developers the product could never be developed by Océ, however the 
alignment of the activities and the interactions took considerable effort.  
As both partnering and market positioning was difficult, the NPD project was redefined 
thoroughly three times. Detailed information is provided in boxes 28- 30 in chapter 10, 
for now it suffices to mention that the development of the Océ VarioPrint DP line is 
undoubtedly the most complex and dynamical NPD project I ever participated in. 

Figure 1.4
The Océ VarioPrint DP Line, introduced in 2011. The development of this product provides the context of the 
empirical observations. 

 1.3.3 Océ design
At Océ designers have been part of NPD teams for a long time. The first (product) 
designer was recruited in 1964, and ever since the number of designers has grown. 
Nowadays Océ Design has twenty-five employees, comprising several sub-disciplines: 
product design, interaction design, visual design, usability design and model makers. 
Though the sub-specialisms are articulated in roles, they overlap explicitly, requiring 
collaboration. For example aesthetics is a mutual responsibility of visual and product 
designers, whereas ergonomics and product semantics are a result of collaborative efforts 
of interaction - and product designers. The three focal points of Océ Design are usability 
(including ergonomics and product – user interaction); product experience (including 
aesthetics); and product branding. 

The expectations on the role of designers in Océ concern most of all usability: 
designers are considered ambassadors for users. Particularly because planners, marketing 
and sales are interested in the needs of clients, rather than users. Designers are involved 
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in many different topics in NPD teams, in which usability or user experience is at 
stake. Also for Océ designers, the span of activities is not confined to tangible products: 
also intangible products, such as software applications and services are part of their 
considerations and practice. 

Océ Design has its own design studio at the ‘campus’ of Océ R&D in Venlo, where 
approximately half of the Océ Design employees are located. It includes a large model 
making workshop, a usability lab and a studio for photography and videos. Models and 
demonstrators of user interfaces are pivotal for the Océ designers: nearly one out of five 
employees is a model maker. 
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Figure 1.5
A representation of the specialisms inside Océ Design, 
and their relations. On the outer ring the three 
design disciplines are mentioned: product designers, 
interaction designers and visual designers. Usability 
design concerns understanding user needs and 
validating products with a specific focus on product - 
user interaction. In the middle the two groups of model 
makers are mentioned, which concerns a ‘classic’ model 
shop building tangible prototypes, and the ‘digital’ 
model makers who develop demonstrators of, e.g., 
interfaces. In total 25 FTE are employed.

The range of design disciplines is probably not much different from most other in-house 
design departments or design consultancies. However, the characteristic feature of Océ 
design is that it is embedded in the NPD organization, see Figure 1.6. Developing printers 
requires that specialists -including designers- are closely collaborating with other team 
members in teams, often co-located. There is no formal design brief beforehand, there is 
a widespread reliance on both design-professionals who know best what to do, and the 
alignment mechanisms of NPD activities in the teams and the organization. Most of the 
time designers are literally seated inside the teams. They are part of a ‘technical function’ 
group and have natural partners for discussing, negotiating and planning. Sometimes 
they are part of the ‘TC’, when usability is considered an important ‘overall aspect’. They 
adapted their methods, planning and tools to fit in this context; their contribution became 
transparent to other team members at any given moment. Nowadays it is unthinkable to 
have a project without the involvement of designers, regardless of the stage of the project.

Team 1

Team 2

Team 3Team 4

Team 5

Océ
Design

Figure 1.6
A visual representation how Océ Design is embedded 
in the NPD organization. At Océ, a range of products 
are developed simultaneously, by means of distinctive 
teams. The designers are embedded within the projects, 
often located literally among other developers part 
of their time. At the same time, Océ designers are 
also embedded within Océ Design, where they meet 
other designers, sketch, discuss and so on. Many of the 
designers also have desks within Océ Design. Some 
Designers are at the studio for the largest part of their 
time, for example because they work for other Océ 
R&D sites, or on a range of NPD projects at the same 
time. All model makers are located at the studio. 
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 1.4 The institution of the problem: team cognition
The preliminary research question reads: what is the contribution of designers to multi-
disciplinary NPD teams? The research question and also available literature provides no 
guidance in what direction to explore. Anything related to the practice of designing might 
be of interest. The first step is to provisionally pinpoint and judge the problem at hand. 
Below, a stakeholders analysis is described (chapter 1.4.1) which establishes a relation 
between what designers do and ‘team cognition’, which subsequently is briefly explained 
(chapter 1.4.2).
 

 1.4.1 A stakeholders analysis
In 2008 a master student graduated on an explorative study with the research question: 
how do the different stakeholders of Océ value the role of Océ Design (Valencia Cardona 
2008, see for a summary appendix 1). The assignment was aimed to understand what 
constitutes the inherent value of design activities for the organization. 

A comprehensive framework of categories on roles and goals was derived, whereby apart 
from the usual suspects as ‘shaping appearance’ or ‘enhancing usability’ a first surprising 
finding was derived in relation to the role of designers. Of interest are contributions of 
designers which were categorized as ‘support roles’ such as: ‘stimulate discussion among 
departments’, ‘visualizing project goals’ or ‘translate complex information regarding the 
product/project’. Quotes of interviewees which underscore the finding are (note that at the 
time the research is conducted, Océ Design was named ‘Industrial Design’): 
•	 “Actually one of the things I learned is that Industrial Design is really good at 

translating concepts or processes into something presentable.” (Vice President 
Engineering)

•	 “People from Industrial Design, with their education background, for them it is 
easier to talk in the same language as the marketer or the salesman, than someone 
who studied physics, chemistry or mathematics. I use designers also for this.” 
(Projectleader)

•	 “What they [designers] can do is, in the early phases, to help to make clear what 
is expected, what are the needs, hoping the development people will pick it up to 
develop the technology to support it.” (Vice President NPD)

•	 “And then this competency [of designers], I really appreciate it (..), is transferring the 
message from R&D towards marketing and sales. So this may seem to be a kind of low 
profile, but it really makes the difference.” (Vice President Business Development)

The study gave words and direction to what designers contribute to teams beyond what 
they explicitly know. The implicit support role is beyond the awareness and aims of 
designers, but is well appreciated by stakeholders. It is about ‘transferring the message’; 
about creating ‘pictures that enable discussion’; about ‘enabling a check of mindset’. 
Designers do ‘something’, beyond their aims that enhances the creation and sharing of 
knowledge among team members in NPD teams, thereby bridging several departments. 
The process of creating and sharing knowledge in time results into ‘shared understanding’ 
according to some interveiwees. 

A second surprise occurred when the results of the study were presented for feedback, 
whereby designers, stakeholders and those interested were present. Intriguingly, most were 
disturbed with the findings of the interviews. The designers felt at unease with the relative 
large number of support roles that were named; roles they were unaware of. If they had 
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to fulfill all the expectations which adhere to the support roles, helping others and other 
departments, than the quality of usability or product appearance could suffer. 
Likewise, the designers were unpleasantly surprised with the finding that their models and 
user interface demo’s sometimes serve different aims than those of the designers. Some 
project leaders deliberately made use of the design models and demonstrators, in order to 
moderate dialogue with other departments outside R&D. Emotional debates on the topic 
even culminated in a limited circulation of the report in Océ.

In short, designers and the way they work contribute ‘something’ to teams beyond their 
aims and formal role, but of which designers are largely unaware. However, the finding 
that designers do ‘something’ which enhances the creation and sharing of knowledge 
among team members and results into ‘shared understanding’, is promising in relation 
to the preliminary research question. It is a contribution well appreciated by those 
who collaborate for a long period with designers. At the same time it is overlooked in 
the literature on design, and is hidden for designers themselves. It takes years of co-
developments before the contribution of designers manifest. The relation which seems to 
exist between what designers do and creating and sharing knowledge in team institutes 
the problem at hand. Insights in this ‘something’ that designers do that constitutes ‘shared 
understanding’ in NPD teams hopefully reduces the learning time considerably, at least 
for the situation of distributed teams. After being a designer for 15 years, in and outside 
Océ, I sensed it is a topic which deserves to be explored. 

 1.4.2 Team cognition
Unfortunately ‘shared understanding’ is a notoriously elusive term: “the problem of shared 
understanding, or mutual intelligibility, has defined the field of social studies for the past 
hundred years” (Suchman 1987: p.1). As will be discussed in chapter 4, both ‘shared’ 
and ‘understanding’ are slippery terms. However, ‘shared understanding’ is often used to 
explain the phenomenon that individuals in teams or organizations are capable to align 
and coordinate activities, often even without much observable communication. 

Coordination is the act of fitting together activities of individuals into a larger and 
unified whole, with care, to fulfill desired goals in a team and/or organization. With 
alignment is meant that this coordination is done on-the-go, while team members are 
working in a team, rather than beforehand. 

This coordination and alignment is important in the situation of NPD, as all efforts of 
individual team members need to be integrated into a unified and coherent whole: the 
eventual product. Team members need to interpret, assess, compare, combine, transform 
and integrate their knowledge. This cannot be done beforehand: it needs to be done while 
doing their work. In order to deal with unexpected events, specialists collectively need 
to interpret what the events mean, collectively imagine possible solutions, collectively 
reason out the consequences and collectively learn by doing. Specialists with distinctive 
knowledge domains cannot solely oversee what the problem is, reason it out, or solve it. 
They have to ‘think collectively’. In this thesis this named ‘team cognition’. A preliminary 
definition is: 

Team cognition is about ‘cognitive activity that occurs at team level’ (Cooke et al. 2008) 
in order to coordinate and align activities.

Team cognition is a relatively new field that is still developing and a excess of overlapping 
terminology demonstrates the emergent character. It is named ‘transactive memory’ 
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(Wegner 1987), ‘shared cognitive schemas’ (Walsh et al. 1988); ‘shared mental models’ 
(Cannon-Bowers et al. 1993); ‘collective mind’ (Weick & Roberts 1993); ‘distributed 
cognition’ (Hutchins 1995); ‘team situational awareness (Robertson & Endsley 1997); 
collective tacit knowledge (Leonard and Sensiper 1998); ‘team knowledge’ (Cooke 
et al. 2000); ‘organizational knowing’ (Orlikowski 2002) and ‘shared understanding’ 
(Kleinsmann 2006). 

All the terms revolve around the premise that cognition not only can be attributed to 
individuals, but also to groups and teams. The level of analysis is no longer (collaborating) 
individuals, but groups and teams as a collective (Hutchins 1995, Cooke et al. 2009). 
Team cognition helps to explain that teams act in a seemingly coherent and integrated 
manner, and are capable to cope with difficult and changing task conditions. Yet at the 
level of individuals the coherence among individuals not necessarily will be found, as 
individual members do not grasp considerations made by others, nor understand the 
consequences of their choices for others (Smulders 2006).
As many similar terms exist for the phenomenon, a brief explanation for the terminology 
of choice:
•	 The phrase ‘team’ is chosen because it underscores the collective aspect. It concerns 

coordination and coherence at the team level. Some constructs, such as ‘shared 
understanding’ or ‘shared mental models’ emphasize the level of individuals. Also 
‘team’ is chosen to discern it from ‘group’, ‘collective’ or ‘distributed’, because it 
concerns a group with a common goal: namely to develop a new product.

•	 The choice for ‘cognition’ is straightforward: all other constructs such as ‘schemata’, 
‘mental models’ or ‘awareness’ are derived from, and delimit the construct ‘cognition’. 
Some scholars preferred the phrase ‘knowledge’ instead (e.g., Nonaka 1995; Tsoukas 
1996). However ‘knowledge’ in plain language concerns acquaintance with facts, 
truths, or principles; knowledge is the result of experience and learning. Team 
cognition shifts the focus from knowledge as an outcome, to the (social) process of 
knowledge sharing and knowledge creation in teams (Carlile & Rebentisch 2003; 
Argote & Miron-Spektor 2011).

Although above some hints are provided what team cognition is, the literature stems from 
distinctive research domains as cognitive psychology or organizational sciences. These are 
based on rather different premises, and any definition includes a stance on the subject 
matter. Defining team cognition and exploring its constituents will receive considerable 
attention in the remainder of this thesis, in the chapters 4 up to 7. 

 1.5 Focus of the inquiry
What became clear in this introductory chapter is the gap in textbooks, theories, and 
empirical studies on the contribution of designers for NPD teams. On one hand, many 
publications take a black box perspective on teams and organizations: a system which can be 
studied solely in terms of its in- and output, without the need to know what happens inside 
the black box. Thereby designers can no longer be discerned from others. There exists a vast 
body of literature on NPD and/or innovation, but designers are strangely absent. 

On the other hand, a large body of literature exists on what designers do. And 
regardless whether it concerns popular design magazines, textbooks, or scientific 
publications: engineers, project leaders, and marketers are seldom mentioned. There 
exist a range of empirical studies that attempted to establish the value of design and/
or designers for organizations, but thereby designers are framed apart from these teams 
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and organizations. Hence, the design literature seem to suffer from a inward orientation, 
studying how designers work, talk, think, sketch, visualize. However, hardly how they 
interact with others, and what these interactions result into. 

The gap that manifests itself is that between the level of individual designers and the 
level of NPD teams: the ‘middle range’. This concerns interacting designers, what also can 
be named the social dimension of designing. Designers who co-shape the goals of teams, 
and whose goals are co-shaped by team goals. Designers who learn what others do, and 
non-designers who learn what designers do. Designers who serve the aims of the team, no 
different than any other developer. 

The few studies that address interacting designers in teams often have other aims than 
studying the relation between designers and organizations. These studies come with 
exciting insights, coined as ‘technology brokering’ (Hargadon & Sutton 1997), ‘collective 
creativity’ (Hargadon & Bechky 2006), ‘design driven innovation’ (Verganti 2006, 
2008, 2009) or ‘design thinking’ (Boland & Collopy eds. 2004). In these publications, 
the designer seems to serve as a role model for others such as managers, however in the 
conclusions designers are in the background. Still, what the studies articulate is that 
designers do ‘something’ that changes what the teams know and consider. Designers take 
ideas from one context to another -not so obvious- context (Hargadon & Sutton 1997). 
Designers keep teams in a ‘liquid state’, re-shaping team goals (Boland et al. 2008). 
Designers are part of the design discourse that ‘radically changes the meaning of things’ 
(Verganti 2009). 

A preliminary study conducted in Océ (appendix 1) hints that in the interactions of 
designers and others, ‘something’ occurs that enhances collaboration in the team, e.g., 
designers “help to make clear what is expected” of teams. This ’something’ is beyond what 
is formally the role of designers, and beyond what the involved designers are aware of. It 
enhances communication inside teams and with stakeholders, and enables to built bridges 
among departments. Unfortunately this contribution of interacting designers to teams is 
poorly known and it takes years before this ‘something’ is acknowledged in the situation 
of distributed teams. This ‘something’ is related to the process of knowledge creation 
and sharing, named team cognition in this thesis. In order to understand what designers 
contribute to multi-disciplinary NPD teams, and to team cognition in particular, the 
black box of NPD teams has to be opened. Inside the black box of NPD teams, one can 
learn what interacting designers do and what the impact is on teams. 

Problem definition
Complex, knowledge intensive products are developed in large multi-disciplinary NPD 
teams. In order to develop unified and coherent products, NPD teams need to integrate 
their knowledge domains into a unified whole: the eventual product. Thus, specialists 
need to coordinate and align their activities. One of these specialist roles is the role of a 
designer. However, designers that are embedded in multi-disciplinary NPD teams seem 
to have a contribution to the NPD team beyond what formally is expected of designers 
and is related to team cognition. This contribution is an emerging result of interactions 
between designers and other specialists. However, designers –at least in Océ- are poorly 
aware of their contribution to teams. Also the prevailing literature on design provides 
hardly insights on what designers contribute to teams, if designers interact with others. 
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In the situation of distributed teams -when interactions are drastically reduced- this 
unawareness becomes problematic: the expectancies on the role of designers are shaped 
by generic, somewhat superficial notions on design. Yet distributed teams are an everyday 
reality nowadays for many designers. Thus, in order to enhance the collaborations with 
distributed teams:
•	 The nature of team cognition in the context of NPD needs to be studied. This 

concerns proficient and co-located teams, without the ‘burden’ of working dispersed 
spatially, temporary and/or culturally. 

•	 A thorough understanding is required of what designers contribute to NPD teams if 
designers are embedded in these teams and interact with others. 

Only if these two aspects are addressed, it is possible to reason about the implications for 
distributed teams, and consider what interventions might solve the problematic situation 
of designing in distributed teams. 

Research questions
The open ended research question at the start of this chapter was: what is the contribution 
of designers to multi-disciplinary NPD teams? In this chapter the question has been 
developed. In order to understand what interacting designers contribute, the practice 
of embedded designers in NPD teams need to be studied. Therefore, the main research 
question is: 

What is the contribution of designers to team cognition, if designers are embedded in 
multi-disciplinary NPD teams?

In general, a ‘what’ question provides the factors for theorizing, the building blocks. 
However, those factors provide no insights in relations among those factors, like cause and 
effects. Also it provides no insights what can be done to overcome a doubtful situation. 
Therefore additional questions need to be answered. Answering an ‘how’ questions 
explains how factors are related, for example what is a cause and what is an effect. 
Answering a ‘why’ questions provides the theoretical explanations underlying all findings 
(Whetten 1989). Not until what, how and why are sufficiently understood, it is possible 
to theorize and to subsequently apply insights in the doubtful situation, in this case 
distributed teams. 
Three sub-questions can be derived from the main research question and will guide this 
inquiry:
•	 What factors constitute team cognition in the context of NPD, how and why?
•	 What factors in the work of designers moderate team cognition, how and why?
•	 What can designers contribute to team cognition in the situation of distributed teams, 

how and why?

Relevancy
The relevancy of the inquiry is fourfold. 
•	 For Océ nowadays NPD teams are mostly distributed: located at several geographical 

sites, and belonging to distinctive organizations. Coordinating and aligning activities 
has shown to be problematic. This inquiry may provide valuable insights in the 
nature of team cognition in non-distributed teams, in order to better understand the 
particular conditions of distributed teams. Likewise for Océ Design the inquiry may 
provide insights for enhancing collaborations with distributed teams. 
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•	 For design research it may bridge the gap between on one hand studies on individual 
designers or mono-disciplinary teams of designers, and on the other hand macro-
level studies on the contribution of designers for organizations. It targets interacting 
designers in multi-disciplinary teams, a field that has only been touched on so far. This 
inquiry aspires to identify new insights in the phenomenon of designing: the social 
dimension of designing in teams. It aims at contributing new theory to the field of 
design research. 

•	 For product development management and innovation management, the inquiry 
explores the social dimension of NPD, of interacting specialists. Thereby an emerging 
topic is chosen, namely team cognition. This is a knowledge perspective, but whereby 
the focus is less on the outcome and more on the process of knowledge creation. It 
frames teams as a collective of specialists that need to think collectively in order to 
become aware of problems, understand and solve these. 

•	 For the practice of designers, the inquiry explores what designers do in practice, and 
hence puts new questions forward, such as which methods, tools, techniques and skills 
are required for designers. It is not just about understanding designers in the specific 
context of Océ. The literature review showed that Océ Design is not unique, and 
findings may be transferable to multi-disciplinary NPD teams: the origins of most 
products that are developed. 

In Table 1.1 an overview of the thesis is provided As can be seen the three sub-questions 
structure this thesis. In the remaining chapters of part 1, the research design is explained. 
Also the empirical studies are introduced. In part 2, the nature of team cognition is 
explored, resulting into an extensive framework and vocabulary. In part 3, the lens is 
on designers and how the practice of design is constitutive to team cognition. In part 4 
the derived insight are translated into several propositions that guide experiments inside 
distributed teams.
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Part 1: Institution of the problem

This part sets the stage for the inquiry, including research questions and research design

Chpt. 1 The hidden designer in teams The problem is instituted and the research questions are formulated 
that structure the inquiry.

Chpt. 2 The reflective practitioner-
researcher

This chapter discusses the  challenging methodological questions of 
a practitioner studying practice. A research design is made. 

Chpt. 3 Empirical studies The empirical studies are briefly presented.

Part 2: Understanding team cognition

1st RQ: what factors constitute team cognition, how and why?

Chpt. 4 Team cognition: rival theories Three perspectives on team cognition are discussed and compared 
to observations of NPD in-the-wild.

Chpt. 5 Team cognition: a theoretical 
framework

A framework is developed for guiding observations on the base of 
pragmatist theories.

Chpt. 6 Team cognition in-the-wild The emperical findings of several studies are presented and 
discussed together.

Chpt. 7 Team cognition: a new 
framework 

Theory and empirical findings are synthesized into a framework.

Part 3: What designers contribute to teams

2nd RQ: what factors in the work of designers moderate team cognition, how and why? 

Chpt. 8 Designers in NPD teams The same data is analyzed, highlighting the role of designers.  
The findings are presented.

Chpt. 9 Design: a boundary spanning 
practice

The conclusions are drawn from this part. 

Part 4: Applying the insights in distributed teams

3rd RQ: what can designers contribute to distributed teams, how and why?

Chpt. 10  Distributed NPD teams The nature of distributed teams is described. Also several 
propositions are put forward for subsequent experiments.

Chpt. 11 Facilitating team cognition Three series of experiments are presented, guided by the 
propositions.

Chpt. 12 The art of mirroring The findings of the entire inquiry are discussed. Also reflections are 
provided on the method deployed. 

Table 1.1
An overview of the thesis.
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Chapter The reflective practitioner-researcher

Research design

In this chapter my dualistic position of practitioner and researcher is 

discussed. A research design will be developed and presented that fits this 

dualistic position well, based on pragmatist philosophy. It deviates from 

‘regular’ science most of all because interventions of the researcher are 

required to validate insights, rather than to pursue a neutral position 

and refraining from interventions. Only by means of intentionally doing 

experiments a researcher can obtain insights and validate these in practice.

2
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I’m a fi rst and foremost a practitioner, a practitioner whose context of work has 
irrevocably changed. Nowadays I’m part of teams that are distributed across the globe, 
of which the team members speak diff erent languages, belong to diff erent organizations 
and hardly know each other. Due to lacking interactions the role of designers becomes 
rather generic and limited, as it takes years before the contribution of designers to teams 
surfaces. For that reason I started this inquiry, with the aim to understand what designers 
contribute to multi-disciplinary NPD teams, if they are embedded in these NPD teams. 
As such, I am also a researcher, a researcher of practice. Th e uniqueness of this study is 
my position as an embedded design-practitioner with nearly two decades of experience 
in multi-disciplinary NPD teams. As a practitioner I am at the heart of NPD, enabling 
myself as a researcher to observe and refl ect on designing in multi-disciplinary teams. I’m 
capable to witness, describe, understand and refl ect on the practice of NPD in real life 
conditions, in a fairly large, turbulent and innovative NPD organization. 

Th e implication is that I have a paradoxical methodological position: how can I study 
the contribution of designers inside teams, while participating in those teams? Within the 
context of studying NPD, I am not the fi rst person that studies NPD teams and processes 
in-the-wild (e.g., Bucchiarelli 1994; Baird 2000; Carlile 1997, 2002; Kleinsmann 2006). 
However, these studies concern scholars who temporarily participated into NPD teams, 
by means of participatory ethnographic research. I am a practitioner who conducts a 
research of his practice, which is not the same as researcher who participates in practice. 
Although the aim is the same, namely bridging theory and practice, the road travelled 
is rather diff erent. Researchers attempt to develop new theory by means of temporary 
participating the practice of NPD. I, as a practitioner, attempt to develop new theory by 
means of temporary doing research. Th is chapter puts forward a research design that fi ts 
the position of a practitioner doing research.

In Figure 2.1 an overview of this chapter is provided. In chapter 2.1 and 2.2 I will 
discuss this methodological problem and discuss three paradigms in science. I will 
argue that a pragmatist paradigm fi ts my position well. In chapter 2.3 I will explore the 
methodological consequences of this pragmatist stance, and introduce a Deweyan inquiry. 
In chapter 2.4. I will explain the resulting research design that guides this inquiry.

Methodological issues
(2.1)

Comparing 
position to 
three
paradigms 
of science
 
(2.2)

Rationalism 

Constructionism 

Pragmatism Method: 
a Deweyan inquiry (2.3)

Research Design
(2.4)

Figure 2.1 
An overview of chapter 2.

 2.1 Methodological issues
Studying designing-in- the-wild has hardly been conducted and is predominantly based 
on interviews (see also chapter 1.2). Johansson & Svengren-Holms (2008: p.14) argue that 
in order to gain a deeper understanding of the ‘problematic relations’ of designers inside 
organizations, close ethnographic studies are required. A practitioner-researcher might 
provide such deep understanding, as it is hard for outsiders to participate at the heart of 
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NPD teams and organizations and do observations. However, both the subject matter and 
my position introduces several methodological complexities, that are discussed below:
•	 Part of the meaning system 

The subject matter is team cognition, cognitive processes at the team level. Team 
members perceive events, interpret, negotiate, think, and decide. Hence, it is about the 
meaning that people give to events. This can only be understood by someone who is 
knowledgeable of the content the team is dealing with. It is not the intention to stop 
being a practitioner, in order to become a neutral observer. “If the scholar wishes to 
understand the action of people it is necessary for him to see their objects as they see 
them” (Blumer 1969: p.50). The challenge is to find a method that enables to capture 
observations while being in action as a practitioner.

•	 The tacit dimension of knowledge 
The aim of this study is to get insights in what embedded designers do in proficient 
teams: to articulate the practical knowledge that can be found in these teams. This 
knowledge hardly can be articulated by the team members: in NPD teams much 
knowledge is deeply ingrained in the daily activities. This practice based knowledge 
only can be observed in practice, and is referred to as ‘know-how’ (Ryle 1949) or ‘the 
tacit dimension of knowledge’ (Polanyi 1966). The challenge is how to articulate this 
practice based knowledge. 

•	 The practitioners bias 
Another consequence of the tacit dimension of knowledge, is that I’m somewhat 
blind to the practice I participate in. The advantage of a participating researcher is 
that he can ‘see’ what the involved cannot. It enables on to lay bare what is tacit for 
those involved. This is harder for a practitioner, and the challenge is to enhance my 
observational skills.

•	 Individual bias 
It is known that researchers are biased when validating hypotheses in social practice, 
looking for instances that support the hypotheses. They tend to ignore instances that 
falsify or shed a different light on the subject matter (Judd et al. 1991: p.15). I am 
particularly prone to this bias, because -as a participating designer- I have a rather 
biased perception of the contribution of designers. The challenge is to reduce personal 
bias maximally. 

•	 Reflexivity 
Reflexivity in social sciences concerns that an observer mediates the subject matter: 
his research changes the construction of meanings throughout the research process. 
Hence, reflexivity urges “to explore the ways in which a researcher’s involvement with 
a particular study influences, acts upon and informs such research” (Nightingale and 
Crombie 1999: p.228). In my role as practitioner – researcher I inevitably mediate the 
subject matter: it is impossible not to interfere. The challenge is to adopt a method for 
which reflexivity isnot a problem.

•	 Engagement 
Most often an objective/neutral perspective of the observer is the goal in scientific 
research. This warrants a value free observation, that surfaces, e.g., in an inclination to 
use value free measurement devices or methods, even in social sciences. This ‘neutral’ 
and detached position of a researcher is at odds with engagement to the subject matter: 
I want to know what works ‘best’ in my practice. The challenge is to adopt a method 
that supports engagement.
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 2.2 Comparing my position to three paradigms of science
Being an embedded practitioner-researcher enables me to observe, understand and reflect 
on real life processes in a myriad of situations. This can provide new insights into what 
designers mediate inside NPD teams, providing a contribution to the field of knowledge. 
However: no off-the-shelf methodologies exist that enable to conduct such a research 
as many methodological issues adhere to my position as a practitioner-researcher. A 
dedicated research design is required. Below my dualistic position will be discussed briefly 
in relation to the scientific paradigms which underlie most studies in this field. I am aware 
that the philosophical debate on ‘sound’ scientific methodology dates back decades, if 
not centuries. It is not my aim to discuss a debate that is authoritatively developed by 
philosophers of science. Rather I will distil and present few premises that underlie the 
scientific paradigms that are relevant for this inquiry, and that are at unease with my 
dualistic position. 

Paradigms are “the entire constellation of beliefs, values, techniques and so on shared by 
the members of a given [scientific] community” (Kuhn, 3rd ed. 1969: p.175). 

The paradigms shape the topics to which scholars in a community attend to: the methods 
deployed, and the exemplars used. In ‘pre- paradigmatic’ periods of science (Kuhn 3rd ed. 
1969) several paradigms may govern which consider the same object matter, as paradigms 
can co-exist (ibid.: pp.198-204). Design is in this stage (Dorst 1997, 2006b; Coyne 
2005; Bousbaci 2008; Melles 2008a; Verganti 2009; Crilly 2010; Gale 2011). Mostly a 
watershed between two paradigms that co-exist is discussed. On one hand a ‘rationalist’ 
paradigm is articulated, based on the work of Simon (1996 3rd ed.). It focuses on solving 
problems in a rational way, and has its zenith in engineering oriented design theory. On 
the other hand a ‘situational’ or ‘practice-based’ paradigm exists, based on the work of 
Schön (1983). The latter focuses on solving problems by experimenting in practice and 
reflecting on it. This research frames on the social dimension of NPD, interacting teams. 
In social sciences another paradigm governs: (social) constructionism. 

Thus, I will touch on three dominant paradigms: the rational paradigm, the (social) 
constructionist paradigm and the pragmatist paradigm which quintessentially underlies 
the work of Schön. I am aware that Schön is often considered to be a constructionist (e.g., 
Dorst 1997), however, Schön did his PhD on Dewey’s theory of logic (Dewey 1938). 
In his later publications Schön highlighted his pragmatist origins (Schön 1992, see also 
Visser 2006: p.87).

Choosing a paradigm is not arbitrary: it is dependent on the subject matter of the study: 
“design researchers must choose which paradigm to use, and must base their selection on 
the nature of the specific design activity they are going to study” (Dorst 1997, proposition 
2). Of course there are more paradigms, such as postmodernism. However, these 
paradigms are less of interest for the subject at hand, considering the rare publications 
outside the aforementioned paradigms (notable exceptions are Coyne 2005; Galle 2011) 
and therefore are not considered. Below an overview is provided of the paradigms, which 
will be discussed in relation to my position as practitioner-researcher in chapters 2.2.1 up 
to 2.2.3.
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Rationalism Constructivism Pragmatism

Subject/object relation Subject-object dualism Subject-object dualism Non-dualism

Logic Deductive Inductive Abductive 

Key assumptions

On reality There is an objective reality We do not know whether there is 
an objective reality

There is an objective reality

On knowledge Knowledge as correspondence with 
reality

Knowledge is constructed: 
historically and culturally specific 

Knowledge is produced in and 
through experience with world

On observer-world 
relation

Observer is neutral and detached Observer is neutral, but must be 
part of world

Observer intentionally interacts with 
the world

On scientific rigor Falsification principle: Empirical principle: Pragmatic principle:

Objectivity as emergent property 
of ‘organized skepticism’

Objectivity as emergent property 
of ‘sound’ empirical observations

Objectivity as emergent property of 
‘verification’ of ideas in practice

On verification Controlled experiments provide 
proof for hypotheses

Empirical observations provide 
proof for hypotheses.

Experiments in real life context 
provide proof for hypotheses

Table 2.1
An overview of relevant scientific paradigms. Three paradigms are discerned from literature(on top), and 
compared. An explanation s provided in the text.

 2.2.1 Rationalism
The dominant contemporary paradigm for the natural sciences is the rationalist, or 
post positivist, paradigm. In design research it also has a strong position, at least for the 
methods deployed. It is rooted in a long tradition of positivism, that aimed to explain 
phenomena by means of natural laws, measurable and ‘positively’ verifiable. This lead 
to an meticulous standpoint: something is meaningful only if is it verifiable empirically 
(Phillips, 1987, ct. in Corman 2005). This has been refuted widely, and rationalism is a 
stance that kept the aim of positivism to explain phenomena in a verifiable manner, while 
dealing with the main critiques. The goal of attaining objectivity remained, however the 
focus shifted to rigorous systematic observation, for two reasons.
•	 There is general agreement that objective, value free observation is not possible: any 

observation is subjective to some extent, e.g., the choice of phenomena to study shapes 
outcomes. Yet objectivity is pursued, shifting the attention to standards, methods and 
enforcement by a scientific community. Methodology forces researchers to explain 
their methods in detail so that others can reproduce their findings and to consider 
alternative explanations. “Objectivity is not a characteristic of individual acts of 
observation, but instead an emergent property of a system of “organized skepticism” 
(Corman 2005: p.27).

•	 Popper (1959) argued that verification is trivial because some facts can always be 
found to support any plausible theory. However: no amount of verification can ever 
conclusively prove the truth. He reversed it: the most important factor in science is 
the discovery of the disconfirming or falsifying instances; and science is in essence 
a process of conjecture (of hypotheses) and -above all- refutation. Ever since, the 
focus in science is predominantly on testing and criticizing the knowledge-claim of 
propositions, rather than on induction (Phillips, 2000, ct. in Corman 2005: p.24). 
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An important premise is realism: the belief that there is an objective reality which is 
independent of being perceived by someone, including social phenomena, such as an 
organization. It assumes that the world is unchanged by the observer or the acts of the 
observer. This objective reality is obscured by our means of perception, and knowledge 
concerns our representations of the world around us, as we perceive it. Mind corresponds 
with reality, and science is considered the best way to ascertain an nearly objective image 
of reality. As our perception mediates the world we observe, researchers need to develop 
methods and tools to do observations irrespective of one’s world views or perceptions. It 
requires that hypotheses be explained and tested only by reference to natural causes and 
events, and independent of the observer. 

Appropriateness for this inquiry
It is undisputed that this paradigm advances science most. An excess of well developed 
methods exist -also for social sciences- ranging from conditioned experiments to surveys 
and questionnaires. However, most rationalistic methods rely predominantly on deductive 
approaches, whereby theory culminates into a few hypotheses, followed by experiments 
to confirm/falsify the hypotheses. It is not that open ended, unstructured and rich studies 
aimed at discovery are rejected, but the focus is on justification. Thus, less methods 
are available for qualitative research, such as this inquiry. In this paradigm, case study 
research (Yin 4th ed.2009) is the best fitting method for this inquiry. Unfortunately, some 
rationalistic premises as described above poorly accommodate the nature of this inquiry.
•	 Rationalism emphasizes a neutral, detached observer who does not intermingle with 

his subject matter. A dualistic position as an engaged practitioner-researcher de facto 
rules out a rationalistic research approach, as it is impossible to be an independent 
observer and an interacting practitioner simultaneously. All things I learn while the 
research progresses will change my thinking and doing as a practitioner; my resulting 
acts effectively will change the subject matter. This is the challenge of reflexivity. 

•	 It is acknowledged (Schön 1983; Dorst 1997; Visser 2006, 2009) that a strict 
rationalist stance is a poor fit to study the activity of designing on some aspects. 
As Dorst summarized (1997: p.167), the paradigm of ‘rational problem solving’ is 
unsuitable for design studies for which the object of the study is ‘designing persons/
designing organizations’, and ‘the interaction of design process, process and task’. 
These are related to the objects of study within this thesis: interacting designers in 
NPD teams.

Consequently, a strict rationalistic approach is not pursued here. Still, the value of this 
paradigm for the inquiry is to be found in the analytical rigor provided by means of its 
methods. These can be used for this inquiry, such as triangulation of evaluators; of data 
sources; of theories and of methods.

 2.2.2 (Social) Constructionism 
In social sciences a prevailing paradigm is constructionism, and it also can be found in 
empirical design studies (e.g., Fleming 1998, Lloyd & Busby 2001, Dong 2005, Carvalho 
et al. 2009). Constructionism considers humans as interpreting (hermeneutical) beings 
(Coyne 2005, Verbeek 2005). When we perceive reality, we see a world full of meanings. 
Knowledge does not concern the objective ‘correspondence’ of mind with reality, but 
concerns the meaning that people attribute to what they perceive. Meaning is constructed 
through interactions with others (Blumer 1969), and knowledge is the accumulated 
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learning of our past interactions in the matrix of relationships in which we engage. 
As such, our perception of reality is socially constructed (Luckmann & Berger 1966). 
However, constructionism is not about perception and interpretation only: conduct of 
people is a result of the meaning they give to particular situations. As such, all human 
activity is mediated by the socially constructed reality. 

The social construction of meaning is placed central in this paradigm, which has three 
implications for doing research. 
•	 Language is the main topic to study in a constructionist perspective: reality is (re-) 

constructed by means of language (Luckmann & Berger 1966, Allen 2005, Cuncliff & 
Shotter 2006). This premise not considers language merely as communication between 
individuals, representing reality. Language is considered to shape our perception 
of social reality: the ongoing discourse shapes and reinforces roles, activities and 
organizations (Fairhurst & Putnam 2004, ct. in Allan 2005; Cuncliff & Shotter 2006).

•	 People construct a reality through their interactions with others, therefore 
constructionism reject methods in which a researcher pursues an external, detached 
and objective viewpoint. People derive meaning in the matrix of relations they engage 
in; to understand this meaning system a researcher must be part of the social networks 
(Blumer 1969). 

•	 Although it is disputed whether or not an objective reality exist, it is undisputed that 
humans construct an understanding of the reality they perceive. As such there is no 
‘objective’ reality shared by all. When it comes to science, constructionists believe that 
any object of study only can be understood in its specific situation, and its cultural and 
historical context. 

Appropriateness for this research
The focus in scientific studies rooted in constructionism is on discovery, relying on ‘rich’ 
empirical data. Researchers conduct in depth and open interviews, observe people acting 
in organizations (ethnography), participate (participatory ethnography) or even discuss 
topics in order to evoke reflections from others. Theory is systematically induced from 
this data and several methods are developed, such as grounded theory (Glaser & Strauss 
1967). Important for this inquiry is that it refutes the condition of a detached observer: a 
participating researcher with sufficient knowledge to understand the practice he observes 
is an ideal situation for doing a study. However, I am not a participating researcher but a 
design-practitioner who does a research. This has two consequences. 
•	 Constructionism underlines the separation of observer and what is observed. The 

observer remains impartial to what he observes, and refrains from actively intervening 
in the course of events. This contradicts with the aims of this inquiry as I intend 
to do interventions in the situation of distributed teams (see chapter 1.5). Also, a 
participating researcher has a somewhat distant position to the practice he studies and 
consequently can observe well what it revealed to those who are part of the practice. 
For this inquiry, additional measures are needed. 

•	 Constructionism draws heavily upon language. The meaning of things is constructed 
by means of language, and studies primarily focus on what is said. This also can be 
observed in a range of design studies (Fleming 1998, Lloyd & Busby 2001, Stempfle 
& Badke-Schaub 2002; Dong 2005, Dong et al. 2008, Carvalho et al. 2009). Yet 
the practice of designing includes visuals, prototypes, tools, the environment and 
technology. A focus on language is an impoverished means to study design (Melles 
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2008b). Note that constructionism does not deny these matters, but considers 
language its principal instrumentality.

Thus, a strict constructionist approach is also not pursued here. The value of this 
paradigm for the inquiry is to be found in its focus on discovery and its grounding 
into practice. In order to support a scientific claim, methodological rigor needs to be 
warranted (Taylor and Trujillo 2005), such as providing a ‘colorful context’; triangulation 
of data sources, theories and evaluators, and evidence of committed study - like time spent 
in an organization, number of interviews and so on. 

 2.2.3 Pragmatism
Rationalism and constructionism are both founded on the premise of a division between 
an observer and the world that unfolds, i.e., between an researcher and the subject matter. 
Pragmatism, rooted in the work of North- American scholars, such as James, Peirce, 
Mead and Dewey, is a philosophy that starts from the premise that humans interact with 
the world. Humans are not inert observers in an independent world, but are part of the 
world, actively constituting the reality. Humans compare the flux of events with the 
expectations they have, including what their actions likely will result into. If expectations 
are not met, a surprise occurs and thinking processes are initiated to understand the 
situation a hand. Subsequently, new courses of actions are devised and performed, that 
show that the situation is understood (or not). These activities change the situation at 
hand, and thus humans shape the reality they face. Pragmatism puts observable practical 
consequences up front, rather than theoretical considerations that have no practical 
implications. That also explains the name ‘pragmatism’: the value of competing arguments 
is ultimately determined in its observable real world consequences (Talisse 2002, Kivinen 
& Ristela 2003). 

Positioning interactions central has three consequences for doing a research in a 
pragmatist tradition:
•	 For a study in a pragmatist tradition, a researcher has to interact with his subject 

matter. Empirical observations are important for pragmatist to understand the 
situation at hand, however, that is not sufficient. Experiments are required, guided 
by propositions made on the base of the insights. Only by means of experiments the 
insights are validated. 

•	 Pragmatists adopt a ‘Darwinian’ approach on theory (Talisse 2002): the theory which 
has most value in practice is best. Thus, a basic attitude for researcher is to compare 
theories. Also, pragmatists consider that even the most ‘certain’ of our concepts of the 
world will eventually need elaboration (fallibility), because we encounter new and 
unexpected situations. Dewey coined the notion of ‘warranted assertions’ i.e., justified, 
defensible claims, that concern the ‘best available’ knowledge rather than ‘absolute 
truth’ (Dewey 1938; Putnam 2001; Logister 2005). 

•	 Pragmatism overthrows the classic duality of theory and practice. Theory is considered 
instrumental to practice, as plans of action which borrow their meaning and value 
from their real world consequences. Similarly, practice is instrumental for theory 
to continuously develop new and better habits, tools, knowledge, goals and so on 
(Hickman 1996). For researchers, there is no primacy of theory over practice (as for 
rationalism), or practice over theory (as for constructivism). 



48

For pragmatists, there is an objective reality. People perceive the world, however what 
we see is what we indicate towards ourselves through a process of interpretation. This 
process of indication is mediated by our prior knowledge, experiences and so on (Dewey 
1934; Blumer 1969). That may lead to a consideration that knowledge is individual and 
idiosyncratic. Yet, pragmatism is anti-skeptical, because we all interact with the same 
world, in a similar manner with a rather similar body (Dewey 1934; Lakoff & Johnson 
1999; Johnson & Rohrer 2007). Also, the process of interpretation and construction 
of meaning is done in interactions with others (Blumer, 1969: pp.11-12). Our mutual 
acts and social interactions result in an intersubjective, shared construction of the world. 
Potentially the most important insight of pragmatism is that it is possible to accept 
fallibility and reject skepticism (Putnam 2001: p.30). 

Appropriateness for this study
Whereas other scientific paradigms essentially pursue a detached position of the 
researcher, the premise of pragmatism is learning by doing: participating, cooperating, 
experimenting and influencing the subject matter (Putnam 2001: p.73). Pragmatism is a 
tailor made paradigm for reflective practitioners (Schön, 1983) and possibly also for this 
inquiry. For this inquiry, it is my aim to intervene, rather than just observe and analyze. 
Warranted assertions are validated by means of intentional interactions only. Pragmatism 
provides the methodology as intervening in the subject matter is a fundamental starting 
point. Pragmatism also recasts my position as practitioner-researcher: in order to 
understand the situation at hand and to intervene knowingly, the researcher should be a 
proficient participant. 

Also, pragmatism is a robust methodological terrain for design research, it is “design’s 
natural epistemological base” (Melles 2008b: p.5). Of the two main paradigms for design 
which are often discriminated, namely Simon’s rational problem solving and Schön’s 
reflective practice, the latter is consider best to study the design practice (Dorst 1997: 
p.167, Valkenburg 2000: p.206). Consequently, I will adopt a pragmatist stance.

Unfortunately, pragmatism quintessentially is an (influential) school of thought; however 
it is not endowed with a wide range of well developed methods to choose from for doing 
research. Mainly ‘high level’ concepts exist, such as Schön’s ‘reflective practice’ (1983), 
or Kolb’s ‘four stage learning cycle’ (1984). These methods were not meant for scientific 
study. There are no off-the-shelf methodologies grounded in pragmatism. This observations 
raises two questions. The first one is: why are there no methods or studies in a pragmatist 
tradition, at least for studies on design? Possibly it is hard for researchers to participate and 
to intervene. It is a question that needs to be addressed at the end of the thesis.
The second question is: what is the pragmatic alternative to the ideal of objectivity 
inherent in the other paradigms? The remainder of this question and the following deal 
with answering this question. It briefly can be summarized that a specific sequence of 
activities is proposed according to a so called Deweyan inquiry. However, in order to 
obtain rigor, several principles of other paradigms are incorporated, such as providing 
context and triangulation of (1) evaluators; of (2) data sources; of (3) theories; and of (4) 
methods.

 2.3 Method: a Deweyan inquiry
Although no off-the-shelf methodologies exist, many well developed and established 
methods for conducting research in social practice exist that are influenced by 
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pragmatism. The methods are mostly not directly associated with pragmatism, however, 
it is acknowledged that these methods have roots in the pragmatist tradition. It shows 
that the pragmatist considerations can be blended with methodological principles of 
other paradigms. Consider, e.g., grounded theory: “grounded theory derives its theoretical 
underpinnings from Pragmatism (..) and Symbolic interactionism.” (Corbin & Strauss 
1990: p.5). Consider action research: “Dewey, Peirce and James offer a challenging and 
fruitful foundation for ontological and epistemological questions inherent in social 
research that aims to be relevant to social action. (..) These general characteristics of the 
pragmatist position ground the action research approach” (Levin & Greenwood 2001: 
p.104). Consider ethnography: it is acknowledged that symbolic interactionism was highly 
influential on the development of ethnographic research (Prus 1996). However, grounded 
theory, action research and ethnographic research are targeted at participating researchers. 
The methods are not aimed for practitioners who conduct a research. 

I decided to go back to the original writings of Dewey, Mead and Peirce, as the methods 
all are grounded or are indebted to their writings. The problem of providing a method for 
scientific purposes in the pragmatist paradigm was recognized by Peirce and Dewey. They 
both developed an appropriate logic, what they named ‘inquiry’. The two ‘inquiries’ of 
Dewey (1938) and Peirce (1877) are not the same (Talisse 2002), but are often referred 
to simultaneously. I will not go in depth into the distinctions that are authoritatively 
developed by others (Talisse 2002, Hickman 1996, 2007), and I will use the Deweyan 
perspective on inquiry, as it is the most extensive treatment of scientific inquiry (Talisse 
2002). It provides a blueprint for developing a situational methodology, fitting my 
aims, as will be presented below. I first discuss the intrinsic alliance of pragmatism with 
pluralism, at least for the methods deployed. This enables me to use a range of methods. 
Second, I will discuss a Deweyan inquiry, which guides in a controlled way a scientific 
study of practice. 

 2.3.1 An enlarged mixed method approach 
In pragmatism rival propositions need to be considered in relation to practical 
consequences. Hence, pragmatism is tolerant to opposing views: it is pluralistic (Stuhr 
2003: pp.167-188). It is also tolerant to adopting methods. As Melles argued (2008b), 
pragmatism easily adopts different empirical lenses, including mixed-methods which 
combine qualitative and quantitative methods. In order to obtain warranted assertibility, 
several methods should be used, to consider the subject matter from different perspectives. 
It is possible to choose convenient methods for parts of the research, as long as the 
inquiry includes a several viewpoints, and without sequencing or prioritizing qualitative 
or quantitative research. An inquiry into the subject of designing needs to include typical 
visual and material elements, such as design artifacts and design tools, and therefore 
Melles proposed an “enlarged pragmatist inquiry paradigm” for design research (Melles 
2008b). This includes known qualitative and quantitative methods, and also visual and 
material elements. An enlarged mixed method approach provides a useful, albeit eclectic 
means, which fits the specific subject matter of designing in teams. 

 2.3.2 Key concepts of an Deweyan inquiry
In a Deweyan inquiry theory and practice are equal constituents to achieve understanding 
of real life problems, and to solve the problems in a controlled and directed manner. 
Dewey defined inquiry as follows:
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“Inquiry is the controlled or directed transformation of an indeterminate situation into 
one that is as determinate in its constituent distinctions and relations as to convert the 
elements of the original situation into a unified whole.” (Dewey,1938: p.104, entire 
passage in italics in original). 

In this definition several notions are named that need explanation, and I will use an 
example to explain: a ball suddenly bumping in front of a car. 
•	 A situation 

This describes not a single event (the ball bumping onto the road): it concerns the 
entire constellation of driver and the flux of reality as he experiences it (the ball, the 
neighborhood, the other cars and so on). “What is designated by the word ‘situation’ 
is not a single object or event or set of events. For we never experience nor form 
judgments about objects and events in isolation, but only in connection with a 
contextual whole. This latter is what is called a ‘situation’“ (Dewey 1938: p.66; italics 
in original). We can drive a car as we interact with the car and the environment, and 
by the continuous feedback we are able to drive. Of importance thereby is that for 
guiding our activities, such as driving the car, we have expectations. The expectations 
are part of the situation, e.g., expectations on what is considered ‘normal’ while 
driving. A ball on the road is not normal, and requires our attention. 

•	 Constituent distinctions and relations 
These are required for describing a ‘situation’. Once the ball bumps on the road, the 
situation changes, and we attend to specific events and objects to describe a ‘situation’, 
such as the ball or the parked cars where the ball was coming from. 

•	 An doubtful situation 
Doubt designates situations which are unsettling for the observer, because the 
situations are unexpected: no longer can the outcomes of our interactions with the world 
be anticipated. Indeterminate situations are those in which old ways of thinking and 
acting are no longer effective. The abrupt event of a ball bumping on the road is 
unexpected, and therefore the situation has become ‘indeterminate’ and consequently 
doubtful. Not the ball is indeterminate; it is the expectations, the context, and the 
event as a whole which is indeterminate, causing doubt. Expectations that often a 
playing child belongs to a ball, who can act without considering the environment.  
Inquiry is the ‘controlled’ activity of a person to transform the indeterminate situation 
that causes doubt into a normal situation -where we act without doubt.

•	 A unified whole 
Inquiry stops once the constituents and the relations among them are a ‘unified whole’ 
again, i.e., once the situation is comprehended and we know how to act appropriately 
to deal with the situation. As soon as the child runs onto the road to grasp the ball, 
despite its dangerous character, the situation is no longer ‘doubtful’ in Deweyan logic, 
as we know what to do: brake! 

 2.3.3 The structure of (scientific) inquiry
The method of inquiry is a guided and intentional way of reflecting on situations, and 
consists according to Dewey (1938) of six steps, as depicted in Figure 2.2. 

[1] A doubtful situation 
A doubtful situation incites an inquiry. The ball bumping on the road is a surprise that 
makes us doubt what the situation is we are in. We ‘feel’ or ‘sense’ something is erroneous, 
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or diff erent from what we expected. Th is draws our conscious attention to specifi c 
constituents of the situation. Th is mechanism is no diff erent for scientifi c undertaking than 
for daily situations we fi nd ourselves (Dewey 1938: pp.114-117). A doubtful situation 
starts with the recognition that ‘something’ in the course of events has ‘somehow’ violated 
the expectations people have. Th e fi rst step of an inquiry is deciding that a situation 
requires inquiry (ibid.: p.107). A typical feature of Deweyan logic is that all inquiries are 
and must be incited by a doubtful situation in practice, guiding further inquiry. 

 

What is..? Try!If..then..?!? It seems.. OK!

Theory

Practice

Institution 
of the 
problem

Determination
of a problem-
solution

Reasoning Experiment

Inquiry

Warranted
Assertion

Doubtful
Situation

[3][1] [2] [5] [6][4]

 Figure 2.2
An overview of a Deweyan inquiry, which serves as the foundation for the research design. It is explained in 
the text. Pivotal is the continuous movement back-and-forth between practice and theory.

 [2] Institution of the problem 
Th is step concerns trying to provisionally pinpoint and judge the doubtful situation: ‘the 
problem seems to be…’. Th is step is important, as it frames what will be attended to in 
the inquiry, it prepares the material. Eff ectively, by means of this framing the potential 
constituents of the doubtful situation are addressed, namely what factors seem to 
constitute or mediate the situation? Such a frame must have its foundations both in 
practice and in theory. If a ball bumps on the road, immediately a driver examines the 
environment for cues of children. Th e ball and other cues are ‘practice’; the idea that 
a ball belongs to playing children is ‘theory’. Observations are required for settling on 
what seems to be at hand in practice. Th eory is needed to guide observations: it has no 
value to inspect houses in the street, rather a driver scans for signs of children in between 
parked cars. Point is: observing practice is a unrealistic undertaking, without making some 
founded choices on what to attend to. As such Dewey rejects ‘pure’ induction: without 
an a priori problem guiding what facts to attend to. Likewise he rejects ‘pure’ deduction: 
distilling hypotheses without observations of practice (Dewey 1938: pp.415-436). 

[3] Determination of problem-solution 
Th is step concerns “the controlled reconstruction of the existing situation” (Talisse 2002: 
p.76, italics in original). In the case of the ball bumping on the road this phase concerns 
determining how many children are involved, and where they are located. If they are on 
both sides of the road, then probably they are tossing over the ball. Th e aim of this step 
[3] is to pinpoint:
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•	 The constituent factors of the doubtful situation.  
Observations, within the framing provided before, need to establish the constituents of 
the problem: what factors are relevant? 

•	 Establishing their relations.  
Observations need to establish the relations among the constituents: how and why are 
these factors related?

•	 Postulating ‘productive’ hypotheses.  
Dewey considered that stating problems without reference to possible solutions is 
meaningless (Dewey 1938: p.112). This is the core of his ‘productive’ pragmatism 
(Hickmann 1996): understanding problems need to result into actionable hypotheses 
which both describe the problem and give reference to possible solutions. In order 
to create the hypotheses, Dewey rejected a strict analytical approach: problems and 
solutions co-emerge (Dewey 1938: pp.112-114). Possible solutions are suggested, in 
the form of ideas. Ideas mark possibilities to pursue; forecasting “what will happen 
when certain operations are executed under and with respect to observed conditions” 
(ibid.: p.113). This step is what Peirce named abduction: the educated guesses that 
precede any hypothesis.

[4] Reasoning 
This step concerns reasoning out the consequences of the idea(s), relating it to other 
concepts. If children play on the street and toss over the ball, then likely one of them will 
attempt to seize the ball before the car hits it. If I drive slowly, then I have more time to 
respond properly. The quality of reasoning, i.e., making relations, discerns a ‘common 
sense’ inquiry in everyday life from scientific inquiry (ibid.: p.119). Inquiry is progressive 
and cumulative (ibid.: p.310); and propositions are ordered into meaningful sets. Each 
proposition is built on the previous ones and bears upon subsequent ones. Dewey 
discerned two sorts of propositions: ‘facts’ and ‘ideas’. Facts are propositions concerning 
the factors that constitute the doubtful situation, inferred from the observations. For 
example: on two sides of the road children are standing, so they are tossing over the ball. 
Or: children act carelessly because they are unaware of the environment. These facts are 
not absolute truths, as one cannot establish if the children on two sides of the road belong 
to each other. 

Ideas are propositions that concern solving the doubtful situation at hand. For 
example: if children act carelessly because they are unaware of the environment, then I 
have to make them aware of the environment that is potentially harmful. These ideas need 
to be productive, formulates in a if-then form that provides a possibility for experiment. 
“Any suggested or indicated mode of solution must be formulated as a possibility (..) 
forming the special if-then proposition that directs experimental observations, yielding 
new data.” (ibid.: p.423). Consequentially, hypotheses in an inquiry are the result of both 
observations and reasoning, and culminate into sets that have “existential operational 
application” (ibid.: p.423). 

[5] Experiment
The final step is to use experiments in order to test the hypotheses. “Nothing so fatal to 
science can be imagined as the elimination of experimentation” (ibid.: p.434). Both facts 
and ideas need to be put to test in the situation at hand. An experiment for can be: honk, 
in order to make the children awareof you, and validate if they notice you afterwards. 
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(6) Warranted assertibility
Peirce underlined that only hypotheses tested in action justify any conclusion  
(Hildebrand 2008: p.56). Dewey argued that reasoning provides ideas, however, ideas 
as such cannot affect the conditions which underlie the doubtful situation. Only if the 
conditions are rearranged according to these ideas, and the situation is again settled and 
unified, then the idea is validated (ibid.: p.121). Testing a hypothesis will not suffice, the 
doubtful situation at hand needs to be settled once again. That the children respond after 
honking, is not sufficient; the situation as a whole (including other children) needs to 
be settled, i.e., that everybody is safe. It is still possible that a child will attempt to seize 
the ball. This requires progressive inquiry, beyond ascertaining that the ball is seized. It 
highlights that for Dewey an inquiry is never settled, it is cumulative and progressive. 

 2.3.4 The characteristic features of Deweyan inquiry 
In many ways, a Deweyan inquiry seems quite in line with most scientific methods, such 
as the need for hypotheses and the need for validation by means of experimentation. Also 
Dewey underlined the importance of enhancing inter-subjectivity among researchers in 
order to ascertain warranted assertibility (Dewey 1938; Putnam 2004). Yet a Deweyan 
inquiry discerns itself on several aspects:
•	 It underscores learning by doing, also for scientific inquiry. The premise of an inquiry 

is that only by intentional intervening in the subject matter one can validate insights, 
i.e., by changing it. This opposes most scientific approaches, whereby the observer 
carefully refrains from intervening. 

•	 An experiment in Deweyan logic is an intervention in the situation at hand, and not 
an experiment in a controlled laboratory setting.

•	 Hypotheses need to be built on observations and existing theory together.
•	 Dewey rejected the duality of facts and value, even for social science (Dewey 1938: 

pp.481-505; Putnam 2002: pp.22-27; Talisse 2002). In order to understand what 
solutions work ‘best’ in practice, alternative solutions are valued for their practical 
consequences. This includes valuing both problem and solution; and valuing which 
facts need to be discerned. Dewey accepts that (moral) judgment is part of inquiry, 
which opposes most scientific methods to remain as ‘value free’ as possible. 

•	 Dewey is reluctant to name things a ‘truth’, preferring ‘warranted assertions’ instead. It 
highlights that facts and ideas have meaning in a specific situational context. 

•	 A Deweyan inquiry embraces intuition, abstract reasoning and experimentation; and 
does not over-emphasize any of them. Dewey highly esteemed imaginative skills for 
scientific inquiry, and criticized the apparent disinterest for intuition and hunches (see, 
e.g., Dewey 1938: pp.114-115). 

•	 Dewey put forward aesthetical considerations in science and philosophy (Dewey 
1934), e.g., in the process of reasoning, in order to obtain elegant and coherent 
models. This opposes the assumption in science that fact finding and developing 
theory is independent of the form of the theory and/or models. 

In short, even though the words are often the same for a Deweyan inquiry and for regular 
science, such as ‘hypotheses’ and ‘experiment’, they mean different things. 
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 2.4 Research design
Although an approach which fits my position as a practitioner – researcher has been 
adopted; the inquiry is still prone to biases which reduce the validity and robustness of 
the inquiry (chapter 2.1). First, there is the problem of the practitioner’s bias: I am blind 
to my own practice. Some events go unnoticed by me, as I consider these events ‘normal’, 
however the events possibly are ‘revelatory’ to any person who is not working for Océ. I 
need other observers to help me ‘see’ what is revealed to me. 

Second, there is the problem of personal bias, enlarged by my personal engagement to 
the subject matter. I explore the contribution of designers to NPD teams, however as a 
designer I have a personal interest. 

Third, there is the ‘problem’ of reflexivity, i.e., if I analyze data while the NPD project 
progresses, I will learn about team cognition and this knowledge shapes what I do as 
practitioner. This reflexivity cannot and should not be avoided fully, as it is actually 
characteristic for a pragmatist inquiry in a social context (Dewey 1938: pp.481-505). Yet 
it reduces reliability and transferability, i.e., external validity. 

In order to enhance validity and reliability of this inquiry, several requirements apply for 
the studies conducted:
•	 The preparations of collecting data, such as the interview format, must be done 

together with other researchers. Also analysis, such as coding or drawing conclusions 
must be done together with other evaluators.

•	 Triangulation of evaluators: the co-researchers who participate must vary across the 
individual studies. 

•	 Triangulation of theory: an attitude must be incorporated to explain situations by 
means of different theoretical notions. It is visualized in Figure 2.5 later on.

•	 Triangulation of methods: the enlarged multi-method approach (chapter 2.3.1) 
requires putting on distinctive empirical lenses, enabling to ‘look’ at the same 
phenomena in rather different ways. 

•	 Triangulation of data: multiple data sources must be included, however aimed at 
corroborating the same topic. 

•	 In order to reduce reflexivity, the analysis of collected data needs to be deliberately 
postponed for months. 

•	 Maintain a chain of evidence: in order to enhance reliability, relations must be 
documented and stored between original data and findings. 

•	 Comparing and synthesizing findings across studies must be done together with  
co-researchers. 

•	 Feedback on findings must be gathered internally in Océ. 

 2.4.1 Adopting a zooming perspective
Team cognition, an important topic of this inquiry, explains that teams act in a seemingly 
coherent and integrated manner. Hence, team cognition puts the focus simultaneously at 
individuals and at teams: it manifests in coherence among all individual activities; yet it 
are individuals who perform activities. It unfortunately incorporates one of the “thorniest 
problems in social theory” (Wiley 1988: p.258): the problem that social reality is 
dynamic, and is shaped while people are interacting. Individuals perform activities because 
they are part of the team, and what the team does, is shaped by the acts of individuals. No 
phenomenon is independent of the other phenomena, as the two phenomena always exist 
in relation to each other. These phenomena are produced through a process of mutual 
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constitution (Feldman & Orlikowski 2011: p.1242). This is a problem of co-emergence: 
people create their environments as much as their environments create them (Weick 
1995: p.34). 

Co-emergence imposes a practical problem for the analysis of observations. Team 
cognition manifests itself not as much in activities of one person, but only in the 
intelligent, successful interlinkage of activities of all team members together. Thus, 
observations need to be provided at two levels simultaneously: at the level of (inter-) 
acting individuals, and at the level the team to observe the interlinkage of the activities.  
A zooming perspective is required, however, as participant I cannot oversee the 
interlinkage of activities. Fortunately, the inquiry concerns NPD, and the alignment and 
coordination of activities is depicted in the coherence and integration of modules, parts 
and functions. In hindsight it can be established whether or not intelligent choices were 
made at the team level, which lead to a unified whole. Hence the eventual results of the 
team activities need to be judged, in order to assess the alignment and coordination of 
activities earlier in time.

 2.4.2 A logical ordering: studies as a ‘string of beads’
A Deweyan inquiry underscores learning-by-doing and considers intuition as important 
as abstract reasoning and experimentation. It echoes ‘designerly’ approaches to research 
(Stappers 2007; Krippendorf 2007). In order to guide this learning-by-doing process and 
to provide sufficient methodological rigor, I adopted a specific approach. For this inquiry 
a range of studies is performed. 

First (1), I let one study prepare another. Rather than a priori deciding what kind of 
studies needs to be performed, I did one study at a time and let the emerging insights 
guide the choice for the next study. This is in line with Dewey’s ‘productive inquiry’. 
Each study raises new questions, which incites another study with another framing. Yet 
the new studies also provide insights that required to reconsider findings of prior studies. 
Most studies had several ‘releases’ before being included in this thesis. Consequently, the 
first study is adapted by means of insights of later studies, and the chronological ordering 
has dissolved. This imposes the characteristic structure resembling a string of beads 
(Figure 2.3), in which every bead is a study with a distinctive focus and often a distinctive 
empirical lens. This approach may result into a set of at first sight seemingly loosely 
coupled studies; however, all studies revolve around the same topic and are grounded in 
the same dataset. All studies together reveal a cumulative and progressive character. Even 
though most studies can be read as an isolated study, its value is in the combination of 
all studies together, and the synthesis of findings into comprehensive set of findings. All 
are directed at understanding team cognition and what designers contribute to team 
cognition, yet individual studies can differ considerably. 
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Figure 2.3
Th e research as a string of beads of distinctive studies 
(s1 - s10) and each study evolves into a next one in 
a progressive way. Fledgling insights or remaining 
questions provided research questions for a next study. 
All studies together are directed to understanding team 
cognition and what designers contribute. Hence, the 
studies resemble a string of beads. 

Second (2), for the studies empirical observations and theory are mutually constitutive, 
taking into account a fundamental aspect of a Deweyan inquiry (Dewey 1938: pp.415-
457). Doing observations without guiding principles based on theoretical considerations 
are undirected, and can go anywhere. Similarly, deriving a theoretical framework without 
observations of practice, severely lacks practical foundations. Th is reciprocal dependency 
of theory and practice is the essence of a pragmatist inquiry (Talisse 2002). Observations 
are driven by theory, and observations inform theory. 

As the inquiry resembles a string of beads, the inquiry in hindsight characteristically 
meanders between theory and practice, and the studies anchor these two. Every study 
has its specifi c body of literature it is embedded into, and every study draws on specifi c 
methods. Th us, the inquiry is grounded into practice and is guided by theory.
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Figure 2.4
Th e inquiry consists of a range of studies. Each of the 
studies is grounded in practice, and each study prepares 
the next one. Th eory both guided the distinct studies 
(e.g., providing methods) and served to explain the 
often unexpected fi ndings (e.g., providing frameworks 
to explain fi ndings). 

Th e basic mechanism of one study informing another, is depicted in Figure 2.5. It shows 
a slice of the entire inquiry, revolving around one ‘bead’: one particular study in the range 
of studies. Th e studies before this study culminated into fl edgling insights, that I wanted 
to study more in depth. Based on theory, a study is prepared, and observations are done 
in practice. Th ereby what is observed is mediated by what I know beforehand. Events and 
things that surprise me (and others) make me doubt what I know. 

In order to explain the surprising events, alternative theories are considered. Or more 
in depth information is gathered in order to explain what is observed. When a plausible 
explanation can be provided, other events can be analyzed in order to validate the insights. 
Eventually, conclusions are drawn. As an example: in chapter 1.2 three perspectives 
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on design were discerned, and compared with the observed situation at Océ. Based on 
observations (practice), and what is known (theory), a definition could be provided for 
‘design’ at Océ and establishing whether that is a unique situation or not.

Preparing
study

Deriving
framework

Obser-
vations

Theory A

Theory B

Theory C

Figure 2.5
Zooming in on one ‘bead’; to show the relation between 
theory and practice. Fledgling insights pave the way 
for preparing a study. All studies include observations 
in practice. Thereby what is known (‘theory A’) is 
compared with surprising events as observed. More 
knowledge is gathered to explain the situations, also 
including alternative, rival theories. Eventually when 
a study is sufficiently understood, findings such as ‘a 
framework’ provide the ground for the next study.

Third (3), the events that are particularly of interest in the studies are ‘doubtful situations’, 
i.e., situations that are not understood and deviate from expectations. Hence, surprises are 
key instances to study. While doing and looking back at observations in a study, situations 
that ‘for some reason’ interest me, are carved out of the flux of observations. What to 
observe and how the course of events is likely to unfold, is a result of my expectancies, i.e., 
my knowledge at a given moment. The situations cannot be explained by what I know 
beforehand, and I searched for (a body of ) literature to explain the situations. Pivotal 
thereby is the phrase ‘for some reason’: in the first stage of the inquiry – the institution 
of the problem – I let intuition guide the process of discerning interesting situations. My 
personal surprises guided me thereby. 

In the later stages, team surprises were the particular situations I was looking for, as 
will be explained in chapter 5. Team surprises are no longer personal, i.e., subjective, but 
inter-subjective, as teams comprised of specialists are surprised.

 2.5 Summary: a (logical) overview of the inquiry
In this chapter the seemingly dualistic position of practitioner – researcher is discussed. 
Most importantly, the problem is that I’m not a researcher who observes or participates in 
practice. Rather, it is the other way around: I am a practitioner who attempts to understand 
his practice by adopting a range of research lenses. Hence, no off-the-shelf methodologies 
exist, and a pragmatist stance is adopted, based on the logic of Dewey (1938). 

For pragmatism the assumed duality of practitioner-researcher has evaporated: only 
by means of intentionally intervening with the subject matter, a researcher can obtain 
insights and eventually validate the insights in practice. Unfortunately no off-the-shelf 
methodology exist for a pragmatist inquiry. The research is set up according to the ‘rules’ 
of a Deweyan inquiry, which also structures the thesis. In addition, several principles 
belonging to other paradigms are deployed in order to warrant rigor. In Figure 2.6, 
the logical ordering of the inquiry as a whole is depicted, showing the relations among 
individual studies (s1 to s10), and the relevant steps of a Deweyan inquiry. In the next 
chapters, the studies will be presented. 

Note that Figure 2.6 depicts a logical ordering, not a chronological ordering. Although 
the orderings largely overlap, there is one important deviation. The experiments, study s8 
- s10 in Figure 2.6 concern experiments in the everyday context of Océ. The experiments 
required considerable throughput time, commencing already when only preliminary 
insights were derived of observational studies.
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Institution of the problem 
s1  Stakeholders analysis (Appx. 1)

Determination of problem / solution
s2 Rival theories (Chapter 4) 
s3 Analysis of journal (Appx. 2)
s4 Team reflective practice (Appx.3) 
s5 Cues and frames (Appx.4)
s6 Roles (Appx.5)
s7 Interviews: team members (Appx.6)

Experiments (Chapter11)
s8 Experiment 1: visualizations 
s9 Experiment 2: product story
s10 Experiment 3: projecta's

Figure 2.6
A visual depiction of the logical order of studies, together constituting this research. Th e inquiry starts at the 
top right corner: institution of the problem. Th is concerns the relation between designers and team cognition 
(study s1). Studies s2 up to s7 provide the backbone of this inquiry: the empirical observations. embracing 
distinctive empirical lenses on the same and extensive dataset. Th e studies together answer the fi rst two research 
questions: what factors constitute team cognition in the context of NPD, how and why? And: what factors in 
the work of designers moderate team cognition, how and why? Th e last step of a Deweyan inquiry concerns 
conducting experiments in the everyday practice of Océ, to validate the fi ndings (s8/s10). 

Th e fi rst step on a Deweyan inquiry, ‘institution of the problem’, provisionally pinpoints 
and judges the problem at hand (see chapter 2.3.3). In the inquiry described in this thesis, 
the doubtful situation is designing for distributed teams. By means of fi rst observations 
and a literature research (chapter 1), a fl edgling insight emerged that designers contribute 
to team cognition. For distributed teams this contribution is lost, probably as a result of 
reduced interactions. 

Th e step of ‘determination of problem/solution’ is geared for understanding (1) team 
cognition in NPD teams, and (2) what designers contribute to team cognition, if they are 
embedded in the NPD teams. Team cognition is hardly discussed in the context of NPD. 
Several perspectives co-exist. Hence, literature is explored and compared with preliminary 
fi ndings (chapter 4), a guiding framework constructed for doing observations (chapter 
5), fi ndings described (chapter 6), and a synthesis is made of theories and observations 
in chapter 7. Th is results in a framework and concise vocabulary on team cognition. 
In chapter 8 and 9, the same dataset is analyzed for what designers contribute to team 
cognition, applying the framework. 

Th e last step of the inquiry, ‘experiments’, starts with reasoning out the consequences 
of the framework on team cognition for distributed teams. Th erefore distributed teams 
in the context of Océ are explored in relation to the insights on team cognition, and 
also compared to a selection of the available literature on the topic. It results into several 
productive propositions (chapter 10) that guides three series of experiments conducted in 
the practice of distributed teams. Th e experiments validate the propositions and framework if 
the experiments solve the doubtful situations of designing in distributed teams (chapter 11).
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Chapter Empirical studies

Analysis of observations 

In this chapter is presented how observations are done and analysis is 

conducted. A case study is chosen that is known as an extremely multi-

disciplinary topic, requiring tightly coupled interactions. A range of 

data sources are captured that served for analysis. The analysis is done by 

means of six separate studies, conducted with co-researchers. The studies are 

briefly presented. The findings of these studies serve for subsequent analysis 

across studies.

3
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In the previous chapter the research design is developed, according to a Deweyan 
inquiry. Th e problem is instituted. Th e main research question concerns understanding 

the nature of team cognition inside multi-disciplinary NPD teams and what designers 
contribute to team cognition. Th e next step of the inquiry, determination of problem 
and solution, aims at understanding what designers contribute to team cognition, if they 
are embedded in NPD teams. First the nature of team cognition will be explored in part 
2, followed by the contribution of designers in part 3. Th erefore a literature research 
is combined with empirical studies on the practice of multi-disciplinary NPD at Océ, 
alternating between theory and practice: a key feature of a Deweyan inquiry. 

A range of quite distinctive studies is conducted, taking on a multi-method approach; 
another feature of a Deweyan inquiry. Th e studies are done subsequently and each study 
informs the next. It is a range of studies in the real life context of Océ NPD teams, the 
studies s2 up to s7 as can be seen in the Figure 3.1. Each study had a specifi c aim, and 
tapped into another body of literature. In time a series of studies is done, where slowly the 
constituents of team cognition are distilled, and the contribution of designers understood. 
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Experiments
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Institution of the problem 
s1  Stakeholders analysis (Appx. 1)

Determination of problem / solution
s2 Rival theories (Chapter 4) 
s3 Analysis of journal (Appx. 2)
s4 Team reflective practice (Appx.3) 
s5 Cues and frames (Appx.4)
s6 Roles (Appx.5)
s7 Interviews: team members (Appx.6)

Experiments (Chapter11)
s8 Experiment 1: visualizations 
s9 Experiment 2: product story
s10 Experiment 3: projecta's

Figure 3.1  
Th e studies for part 2 of the inquiry. Each of these studies is standing relatively on its own and is described 
separately. Note that study s1 concerned the study for the institution of the problem (Chapter 1).

However, the meandering between theory and practice, and the range of rather diff erent 
studies is diffi  cult to present. In this chapter it will be explained how this stage of the 
Deweyan inquiry is done, including how the studies evolved, how data is gathered and 
how analysis conducted. I’m aware that this choice imposes a somewhat unnatural format 
onto a naturally evolving process. Whereas the studies are done chronologically, I present 
all studies in this chapter together. 

Th e benefi t of this choice is that the overall fi ndings are presented in the remaining 
chapters, rather than as idiosyncratic fi ndings of isolated studies. Th e downside is that 
in this chapter all studies are compressed maximally, which may raise questions for the 
reader. Th e compression most of all manifests itself at the end of this chapter when a 
brief exposition of the studies is presented. Th is exhibition can be aptly named a ‘sneak 
preview’: a brief summary of a study, which provides a ‘feel’ for the study and the fi ndings. 
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In Figure 3.2 an overview of this chapter is provided. In chapter 3.1, the balance act of 
rigor and relevance is discussed for a practitioner - researcher. In chapter 3.2 the activities 
are described chronologically, followed by a ‘sneak preview’ of the studies (chapter 3.3). 
The findings across studies are presented in following chapters.

Balancing rigor &
relevance (3.1)

Chronological over-
view of activities (3.2)

An exposition of 
empirical studies (3.3)

Integration 
& 
synthesis 
across 
studies

Chapter 4-9

Dynamical inter-
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Cues & Frames

Interviews: heed-
ful interrelations

Team reflective 
practice

Journal analysis

Figure 3.2 
An overview of chapter 3

 3.1 Balancing rigor and relevance
For this inquiry, only the real life context of NPD in-the-wild provides relevance. ‘Real 
life’ includes nebulous project definitions; contesting aims of team members; limited 
available resources; deadlines to be made; unexpected technical problems; troubling 
events in the outside world; changing requirements; inexperienced team members; and 
so on. This NPD-in-the-wild provides the perfect stage for studying team cognition, but 
also introduces the inherently messy nature of NPD in this research. As a participating 
designer I can observe events inside the black box of teams; conduct interviews with a 
sufficient understanding of the content discussed by specialists; and predict what meetings 
possibly are relevant for the inquiry to be studied. However, the messy nature has 
repercussions on conducting this research in-the-wild, as its nature is at unease with the 
methodological rigor put forward for ensuring validity and reliability. 

A first aspect is that (too) many events occur that might be of interest for this inquiry, 
and not all can be studied or analyzed. Surprises are important instances to study (chapter 
2.4.2), and key instances for studying team cognition are team surprises, as will be argued 
in chapter 5.5.3. At these moments all team members experience doubt as a result of an 
event that occurred. All team members need to explain to each other what is surprising. 
At such moments even implicit assumptions of team members become manifest and are 
named. The challenge is that team surprises cannot be predicted in a real life situation, 
causing practical problems. “Methodologically, it is hard to find people in the act of 
coping with disconfirmations that catch them unaware” (Weick et al. 2005: p.415). Only 
in hindsight one can justify to name an event a team surprise. However, the event that 
incited it occurred before the identified surprise. Hence, the only way to proceed is to 
gather much data while participating; and retrospectively establish what relevant team 
surprises are. 

A benefit of studying team surprises in a proficient team is that these enable to 
circumvent a particularly troublesome methodological issue (chapter 2.1): my personal 
bias as a participating designer. Team surprises are not only outstanding moments to 
study team cognition, the surprises are also undisputed moments of intersubjective 
understanding, as it is a situation that is not expected by anyone. Team surprises are 
events that a team underscores as unexpected and pivotal. By analyzing team surprises, my 
bias on what instances to study is adequately dealt with. 
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Yet many questions are still unanswered, such as: what is a good case? What methods need 
to be part of a ‘multi-method’ approach? What methods are available to analyze the data? 
How to compare and integrate the findings across studies? These questions could not be 
answered a priori this stage of the inquiry. As such, an approach is adopted that well can 
be described as learning-by-doing. All studies were done sequentially, and each study lead 
to another one as the findings of one study lead to research questions for a subsequent 
study. Reciprocally, the finding of later studies questioned findings of prior ones, requiring 
to conduct another analysis, or a cross comparison. 

To provide an example, in one study (s4: Team reflective practice; Appx.3), it was 
observed that the prototype is important and seems to provide many cues. Therefore an 
additional study was conducted (s5: Cues & Frames; Appx.4) with the aim to trace the 
cues that incited decisive shifts in the meeting. A method had to be developed to trace 
cues in a team meeting. The study resulted in new insights in the contribution of tangible 
objects for team cognition. Also the findings hinted that team members seem to notice 
and bracket different cues. It incited another study (s6: The dynamical interplay of roles; 
Appx. 5) that cross-compared the findings on cues with the disciplinary roles of the team 
members. It was discovered that team members in a specific disciplinary role respond to 
distinctive cues, requiring to re-analyze the study s4 mentioned above. The aim of the 
re-analysis was to explore what the effect is of this newly found phenomenon on the team 
reflective practice. 

This example shows that the studies informed each other and also that the findings of 
the studies together is more than the sum of the individual studies. Each new study built 
on the insights of previous ones, and previous studies are reexamined if insights of a 
later study shed a new light. Relevance is obtained as the iterative approach is geared for 
discovery of new insights in the everyday practice of NPD. Rigor is warranted by means 
of triangulation of researchers, of data sources, of methods, and of theories as will be 
shown hereafter. The approach taken for this part of the inquiry is depicted below (Figure 
3.3). It shows well the gradual and iterative character of this stage of the inquiry. In the 
remainder of this chapter the main activities of this stage of the inquiry, briefly introduced 
below, are explained in chronological order: 
•	 Gathering (preliminary) data to compare the body of literature (chapter 3.2.1).
•	 Developing stepping stones to compare rival theories (chapter 3.2.2).
•	 Choosing an appropriate case (chapter 3.2.3).
•	 Collecting extensively data, including 7 data sources to enable triangulation of data 

sources (chapter 3.2.4). 
•	 Waiting time to judge alignment and coordination of team activities (chapter 3.2.5)
•	 Analyzing data by means of several studies with a specific aim and empirical lens, a 

result of the choice to deploy an enlarged multi-method approach. Also triangulation 
of evaluators is secured across studies (chapter 3.2.6). 

•	 Integrating and synthesizing studies by means of boxes that constitute a new 
framework on team cognition (chapter 3.2.7).

 



64

Gathering data,
choosing case study
(Q1-Q2 2009)

Collecting 
extensively data 
(Q3 2009 - Q4 2009)

Waiting time
to judge alignment
and coordination in 
hindsight.
(Q1 2010 - Q2 2010)

Analyzing data
by means 
of 5 studies
(Q3 2010 - Q1 2011)

Integrating and  
synthesizing 
findings in 
new framework
(Q2-Q4 2011)

Developing 
Stepping stones 
to compare theories
(Q4 2008)

Gathering data
(Q3-Q4 2008)

Activities

NPD project 1 NPD project 2 NPD project 3

Case 1 Case 2 Case x

Dataset

Doc
um

en
ts

Arc
hi

va
l

   
re

co
rd

s

In
te

rv
ie

w
s

O
bs

er
va

tio
ns

   
 (v

id
eo

)

Pa
rt
ic
ip

at
or

y

   
   

 o
bs

er
va

tio
ns

Art
ifa

ct
s

   
En

vi
ro

nm
en

t

Too
ls

Theory

Journal
analysis

S3

Interviews

S7

Team
reflective
practice

S4

Cues
& 

frames

S5

Roles

S6

Rival 
theories

S2

BOX 1 BOX 2 BOX 3 BOX 4

         Figure 3.3
          Th e approach for this part of the inquiry, the determination of problem/solution. Th is part aims to 

understand (1) what the constitutive factors are of team cognition and how these are related. And (2) 
what designers contribute team cognition if they are embedded in teams.

          Th e fi gure shows the chronological order of the research activities. On the left the main activities are 
shown that are discussed in the text, including the time the activities took. On the right side the results 
are shown and the relation among them. Th ese include data gathered by means of case studies, several 
studies , boxes with main insights across studies and eventually new theory (below). In total 6 studies 
are conducted, s2-s7, and these names correspond with the names in Figure 3.1. Th e studies are done 
sequentially, one by one. Each study prepared the next one.
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 3.2 A chronological overview of activities

 3.2.1 Gathering preliminary data
The literature on team cognition and comparable constructs varies considerably. 
Several schools of thought exits on the subject matter of team cognition, or comparable 
constructs. Most of them are not discussed in the context of NPD. It was unknown what 
construct and what body of literature best fit NPD teams. In order to adequately compare 
the perspectives for their relevance in the context of NPD, I adopted a straightforward 
approach. While conducting a literature review, I intuitively captured data from a range 
of NPD projects that seemed to fit with the literature. Or quite contrary: seemed to 
challenge what was written. Several data sources were used.

The stakeholder’s analysis on the value of design (Valencia Cardona 2008; see Appx.1) 
provided ample fledgling insights. Additional data was gathered and analyzed (Appx.1). 
The data consisted of three semi-structured interviews, done together with an internal co-
researcher. Besides I documented and analyzed my personal observations in a journal on 
several NPD projects I was working on at the time. Also several meetings/workshops of 
team meetings of distributed teams including designers were observed and filmed, in total 
more than thirty hours. The original aim was also to understand the distinction between 
designers working embedded in teams, or working for non-distributed teams. Colleagues 
in Océ notified me for potentially interesting meetings.

 3.2.2 Developing stepping stones 
Out of the data I condensed several events that surprised me and seemed to strengthen 
or defy some perspectives on team cognition in the available literature. These events are 
combined into ‘stepping stones’ as these enable me to elegantly cross the problematic 
stage of choosing a perspective. It does not concern in depth analysis of the data gathered, 
but are reflections on particularly insightful events, that provide a ‘feel’ of team cognition 
in the wild. More important, they are decisive, as the stepping stones poorly fit specific 
perspectives. The stepping stones represent several other and comparable observations 
done in the same period. On the base of the stepping stones and the literature, in time a 
theoretical framework and a vocabulary for team cognition was developed, preparing the 
next steps.

 3.2.3 Choosing a case study 
For studying team cognition, a case was looked for that well represented multi-
disciplinary NPD. Thereby four requirements needed to be fulfilled, as the subject matter 
is interacting designers in multi-disciplinary NPD teams:
•	 The topic (-s) must be truly multi-disciplinary.
•	 Designers need to participate, as the inquiry revolves around the contribution of 

designers. 
•	 As it concerns interacting team members, a co-located NPD team is needed in which 

designers are embedded.
•	 Team surprises in proficient teams are pivotal for the analysis, and those case studies 

that include many team surprises are looked for. 

While observing, I discovered that some conditions will enhance the likelihood of 
observing a team surprise. 
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Printers are complex technological products that deploy sheets of 
paper. Unfortunately sheets are terrible to handle, and printers 
break down, requiring interventions of the users to be able to start 
printing again. These interventions are named ORE (Operator 
Recoverable Error). All the activities of the system and user 
together are considered ORE: it is a dynamical range of activities of 
both the user and the printer. 

ORE is composed roughly of the following steps. First (1) an error 
is detected, which can be e.g., a sensor detecting a sheet is ‘too late’. 
Then (2) the printing process has to be stopped intelligently and 
as controlled as possible. Sheets that already passed the jammed 
area will be dealt with as regular sheets. Sheets that still need to 
pass the jammed area will be redirected -if possible- to areas that 
are easily accessible for users, preferably outside the engine. Once 
the engine has stopped, (3) the paper jam has to be solved, for 
which user intervention is required. The operator is directed to 
the troublesome areas (‘open the front door, and go to area 1’) 
and receives guidance what to do and in what sequence. Once the 
printer infers the jam is solved, (4) job recovery commences. This 
concerns that the printer will flawlessly finish the job that was 
interrupted: without missing pages, or double prints. 
The problem of developing adequate ORE is that there are 
hundreds of possible errors, incited by technological failure, 
environmental conditions, or human errors, such as erroneous paper 
refill. Each of these possibilities must be conceived beforehand, 
assessed for its potential implications and a scenario developed for 
solving it, including activities of an (unpredictable) operator. In 
the photograph an overview of the print engine is shown when 
opened, for solving ORE. Note that I could only make this summary 
after conducting the interviews: all interviewees provided only parts of 
explaining what ORE is!

Two framings, one topic
Together with a mechanical engineer I designed a preliminary, 
yet complete set of inner covers, including handles and knobs 
in the end of 2007. My consideration was to provide guidance 
to operators, inviting them to operate specific handles. At the 
same time I attempted to design covers to inhibit them to access 
dangerous areas, or inflict unnecessary errors. Few months later, 
I reviewed a document concerning detection of paper jams or 
other errors by means of a range of strategically positioned sensors. 
For me the document is a terrible read: it is rather thick, full of 
abbreviations, such as ‘PPHXUINPPI’, and sentences such as 
‘IF ERROR 4403 AND ERROR 4405 THEN (..)’ It includes a 
schematic depiction of the paper path, that hardly makes sense 
to me (see below). It describes many scenario’s I would not ever 
consider, such as combinations of technical errors. Also it omits 
scenario’s I would include, such as human errors. I had to project 
his schematic representation of the paper path into ‘my world’ of 
parts and covers in CAD) (see below). I am stunned: although 
we work on the same topic, and on the same parts: we frame the 
problem entirely different. Whereas I focus on a user interacting 
with the engine, the author of the document focuses on the 
detection of errors and the behavior of the engine as soon as an 
error is detected. We clearly see different things, yet our work is 
tightly coupled, as our choices impact the work of the other. On 
top of that I discover that these two frames seem to incorporate a 
problem that I could not pinpoint well (see Box 4 in chapter 6). 

ORE and the different framings of developers

Source: Journal analysis (Appx. 2); Interviews (Appx. 6)
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First, complex topics result in many surprises, if these topics require several specialists that 
need to align activities collectively. The specialists frame the same topics rather different 
(Dougherty 1992; Bucciarelli 1994, Carlile 1997, 2002; Kleinsmann 2006; Kleinsmann 
& Valkenburg 2008), and consequently team members are often surprised of the framing 
or activities of others. Second, team surprises are prone to occur, if it concerns topics that 
require tightly coupled interactions. Tightly coupled interactions are those interactions, 
when activities of one team member directly influence the work of others, and do not 
tolerate delay (Perrow 2nd ed.1999). Tight coupling can be expected in NPD if team 
members work on the same parts, yet with distinct aims, such as covers that ‘belong’ to 
both product designers and mechanical engineers. 

Out of the NPD projects I participated in eventually the ‘ORE case’ was chosen to 
observe, document and to be analyzed in depth. In Box 1 the basics of ORE are explained 
to provide sufficient context, and the surprise that drew my attention to the case. What a 
‘box’ is, and how I constructed a box will be explained later on this chapter.. 
 
ORE is chosen for several reasons:
•	 ORE is known in Océ to be an extremely multi-disciplinary topic requiring tightly 

coupled interactions. The work of one individual team member directly impacts the 
work of another. 

•	 ORE badly fits the organization of the NPD teams. Océ project teams are organized 
in sub-teams, either responsible for developing a module as a scanner; or for overall 
disciplinary aspects, such as mechanical, electrical or software (chapter 1.3). ORE is 
neither a module, nor fitting an overall disciplinary aspect. It requires coordination in 
activities of many team members, yet it is nobody’s responsibility: there is no role or a 
department that is accountable for the quality of ORE in Océ products.

•	 There is a paradoxical controversy in ORE. It directly impacts the business case of 
Océ products, as inadequate ORE leads to the raise of service calls. Yet it should cost 
nothing: any additional part/software for enhancing ORE increases the cost price, 
without adding value for the product proposition. It requires ingenious solutions, 
making optimal use of existing parts and smartly including it in the ongoing 
development of parts.

•	 It requires all design specialisms disciplines inside Océ Design without 
overemphasizing one of these, including product -, interaction- ,visual and usability 
design.

In time I learned ORE was a excellent case for studying team cognition in NPD, since I 
was only capable to reconstruct what ORE was after talking to all involved. The interviews 
showed that this was the same for all involved: nobody oversaw it entirely. It demonstrates 
it is a truly multi-disciplinary topic, echoing complex NPD projects. 

 3.2.4 Extensively collecting data 
Once the case study is chosen, the next activity is gathering data in a structured way. For 
a multi-method approach, several sources of data are required. Below the data sources 
deployed are discussed and how these were collected. It is based on Yin’s six ‘sources of 
evidence’ for case study research (Yin 2009 4th ed.: pp.101-114): documentation, archives, 
interviews, direct observations, participant observations and physical artifacts. However, 
these sources are insufficient for studying team cognition and design:
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•	 Yin downplays the relevance of physical artifacts, as these have “less potential relevance 
in most typical kind of case study” (Yin 2009 4th ed.: p.113). This standpoint is at 
unease with NPD, as prototypes, drawings and so on are part of the daily practice of 
NPD. Typical visual and material elements need to be included. 

•	 Foreshadowing chapter 5, artifacts and the environment are considered fundamental 
for team cognition. The spatial organization of team members in a room constitutes 
what team member perceive and are confronted with. Or the environment in which a 
team meeting is conducted: amidst prototypes or in a meeting room.

•	 Yin included tools in the group of physical artifacts (2009 4th ed.: p.113). However, 
tools not necessarily are physical. Also software applications are used in NPD. Again 
foreshadowing chapter 5, tools strongly constitute cognition. Consider e.g., the CAD 
programs that are deployed by engineers for developing their parts. The functionality 
the programs offer, shape what solutions are considered. Hence, I included tools as a 
separate group. 

These considerations lead to seven sources of data, as can be seen in Table 3.1. I also 
made a distinction between observations I personally made (captured in a journal) and 
observations that were captured by means of filming an event. While progressing I found 
them rather different in the way they can be analyzed. Personal observations are always 
in a pre-established framing, often concerning the subject-matter I have in mind as an 
observer at that specific moment. Also, in the case of participant observations, my role as 
designer simply makes me frame the situation as a designer. A filmed meeting enables to 
look at the same event with multiple empirical lenses, framing the same meeting e.g., on 
what is said; or on what is done; or on the environment the team meeting is conducted. 
Changing the empirical lens is hardly possible with personal observations.

I dealt with capturing the distinctive sources of evidence in a straightforward and practical 
way and some examples are shown in Figure 3.4. 

For documentation, I have digital folders for saving documents, such as emails, 
photos, reports, minutes, CAD files, presentations and so on. Also sketches are scanned 
and stored. Also I have full access to all R&D information systems, enabling to retrieve 
archival records at any given moment. It enables to find the formal documents with regards 
to specific topics, meetings and NPD projects. For CAD models historical information 
is not stored, thus I had to copy the state-of-affairs every now and then, or make screen 
shots. All interviews are transcribed and coded, as explained in depth in Appendices 1 and 
6, for two series of interviews. In total 29 interviews were held, of which 27 are included 
in the studies.

For (participatory) observations, an important source of data is provided by my personal 
journal that I kept during the entire period of doing the inquiry, together with photos 
I made. It enables to trace back and reconstruct meaningful events that occurred ahead 
or after meetings (including the ones that were filmed) as analysis was adjourned. I used 
the journal intensively, and described among others what I did and why; the meetings I 
participated in; personal reflections or things I considered relevant (“it struck me that… 
why?”); and sometimes small hints for myself for analysis later in time (“note to myself: 
vision emerged!”). I used sketches to capture proposals, also of others. These sketches were 
not design explorations, but to-the-point depictions of ideas. The journal therefore is not 
a designers’ sketchbook, but aimed to capture my observations and reflections. 
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Data sources: examples Strengths & Weaknesses  

Documentation Emails, agenda’s of meetings, reports, minutes, 
CAD files, PowerPoint slides, movie clips, renders, 
visuals, usability videos. Also sketches, scans of 
sketches. 

Easily captured and retrieved. Broad coverage, not 
influenced by study at hand. Reporting bias on 
what was captured. Only depicts results, hardly 
contesting views, dialogues and debates. 

Archival records Full access to all Océ R&D information systems: 
including formal reports, external visitor reports, 
client visit reports, reports of usability tests, 
project definitions. 

See above. Is formally accorded, hence 
intersubjective. Gives no insights in genesis.

Interviews Two series of semi structured interviews: 
stakeholders and team members. In total 29 
interviews of 45 minutes up to 1,5 hours. 
Transcribed and coded.

Targeted on the topic, includes opinions of other 
team members. Bias due to interviewer and poorly 
put questions. Poor recall of events. Interviewee 
responds to interviewer interests.

Direct 

observations

Journal notes of observations of meetings. In total 
capturing over two years of observations. Also ~30 
hours of video team meetings in which I did not 
participate myself. 

Rich, real life & time capturing. Enables to view 
context like environment and artifacts. Time 
consuming, problem of understanding what is 
going on and why. Bias due to selectivity.

Participant 

observations

Personal > 100 photos of team meetings, journal notes of 
observations of meetings of NPD projects I did 
participate in. In total capturing over 1 year of 
observations.

Rich, real life and real time capturing. Insights into 
content and context, as observer is part of meaning 
system. Selectivity bias: what events are captured? 
Content affected by reflexivity.

Video  ~5 hours of video of team meetings I did 
participate in myself, screenshots and photos’ of 
results. Plus journal notes on the specific meeting 
and what went on before and after.

Rich, real life and real time capturing. Deep 
insight into content and context. Can be retrieved. 
Time consuming. Selectivity source of bias: what 
meetings are captured? 

Physical 

artifacts

Artifacts > 100 photos of workshop results. Journal 
notes and sketches of genesis and evaluation 
of prototypes. Prototypes, dummies, paper 
prototypes, user interface demonstrators.

Rich & real life, captures results of acts and not of 
arguments. Insightful in what mediates human acts. 
Selectivity bias: what artifacts are captured? Needs 
(much) interpretation. 

Environment Notes in journal of e.g. how team spatially are 
organized;  photos of spatial environment. 

Insightful for understanding interaction among 
team members. Requires (much) interpretation. 
Selectivity bias.

Tools Domain specific software, as CAD programs, 
dynamic modeling, release management tools. 
Mainly oberservations and discussions about tools 
used by me and other specialists. 

Targeted on the topic, includes opinions of other 
team members. Bias due to rather open ended 
approach.  Interviewee responds to interviewer 
interests. Requires  interpretation.

Table 3.1 
An overview of all data sources used for the observational studies in this thesis, including the ORE case. On the 
left the sources of data are depicted, in the middle some examples, and on the right the inherent strengths and 
weaknesses of the distinctive class of data sources to provide a perspective on the value of the source used. Note 
that I deviate from Yin’s original table on sources of evidence (4th ed. 2009: p.102) that underlies the shown 
table, as is explained in the text.

Another source of data is video. As team surprises are crucial, team meetings are sought for 
where a team surprise is encountered and/or dealt with. Problem is: team surprises are rare 
and cannot be predicted - otherwise it is not a surprise. It was expected that surprises are 
prone to occur in meetings in which many specialists are involved, because no one truly 
oversees all specialisms. Let alone the interdependencies in the work of several specialists 
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Data 
gathered

CAD files

Screen dumps 
of ongoing
work.

Final result

Product as
produced, a 
year later.

Filmed
meetings

Over 35 hours
of meetings that 
are �lmed.

Objects

�at were
deployed by
team members.

Photo’s

Made by me
enduring meetings,
work in progress
and so on.

Personal Journal
Personal observations documented ongoing in journal

Visuals

Sketches as 
deployed by 
designers and 
others.

Figure 3.4
On overview of data gathered. 
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together. In time, I was capable to capture a particularly interesting team meeting, where 
all team members were truly surprised by an event that occurred during a meeting. The 
meeting is analyzed in depth and in several ways. 

Concerning artifacts, I archived some small prototypes, such as small parts as toner 
bottles. Larger prototypes are documented by means of photos, or indirectly in the filmed 
meetings. Many artifacts also are archived inside the NPD teams, enabling to look back at 
specific details, e.g., because a team in a (filmed) meeting is discussing it. Also I captured 
in my journal which artifacts are used in meetings. Concerning the physical environment 
and tools, in the journal I captured at which locations we had meetings, and which tools 
were deployed. Also with some colleagues I had open ended discussions concerning the 
tools they deployed and for which reasons. 

 

 3.2.5 Waiting time: judging alignment and coordination in hindsight
A requirement (chapter 2.4.1) is that the alignment and coordination of team activities 
need to be judged in hindsight. All data concern observing activities, meetings, artifacts, 
the environment and tools. None of these data sources depict well the subsequent 
alignment and coordination of activities: these are observations done at an arbitrary 
moment in time. The observations poorly depict alignment and coordination. Likewise, 
asking team members how their activities are aligned and coordinated will only provide a 
limited view, as none of them truly oversees the interlinkage of actions of the individual 
team members. The activities in time manifest by means of the eventual product, and thus 
the subsequent activities are aligned and coordinated if the activities result in a coherent 
and unified product. Judging the coherence in the eventual product depicts alignment 
and coordination. 

The choice to judge by means of the resulting product introduces practical problems. 
Not only does it take months to be able to assess the quality of alignment and 
coordination, because choices made only manifest much later. Also judging coherence 
and integration of parts, modules and functions is subjective. Judgment is addressed 
practically in three ways: 
•	 By means of reflective questions on the perceived quality of ORE in interviews 

(Appx.6). Team members reflected on the results of their collective activities.
•	 Checking what decisions can be traced back in the eventual product. To explain this 

somewhat, e.g., decisions made in a meeting are documented. In a few cases I made 
a decision tree, including those decisions that were not explicitly addressed in the 
minutes (see Appx.3). While analyzing the meetings, I checked whether the decisions 
were implemented in the eventual product, a year later.

•	 Analyzing reports of independent test laboratories that judge the product at hand.

The waiting time not only enabled to judge the results of team activities, it also reduced 
reflexivity.

 3.2.6 Analyzing data by means of 5 distinctive studies 
To analyze the extensive dataset, I conducted a range of studies. An overview of the 
studies and the evaluators is provided in Table 3.2 below. 
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Studies Main research question Co-reseachers

Internal External

s3 Journal Analysis Appx. 2 What is team cognition? What, how and why do 
designers contribute to it?

none none

s4 Team reflective practice Appx. 3 How does a NPD team comes to an understanding 
of a problem / solves it?

(IR 2, IR 3) ER 4    (ER 5,6,7)

s5 Cues & frames Appx. 4 What, how, why do cues incite sense making and 
reflection-in-action processes?

(IR 2, IR 3) ER 4    (ER 5,6,7)

s6 Dynamical interplay of 
roles

Appx. 5 What do designers (and other roles) contribute in 
the team meeting? 

(IR 2, IR 3) ER 4    (ER 5,6,7)

s7 Interviews: heedful 
interrelations

Appx. 6 What is the pattern of interrelations in a NPD team? (IR 2, IR 3) ER 4    (ER 5,6,7)

Table 3.2
An overview of the studies for the stage of determination of problem/solution. On the left the distinctive 
studies are named, according to Figure 3.1 and Figure 3.3. Subsequently the name of the study is provided, 
and the main research question. In the last columns the co-researchers that participated are mentioned 
(coded). ‘IR’ refers to internal co-researchers, ‘ER’ to external co-researchers. If co-researchers are depicted 
between parentheses, the co-researchers participated in the evaluations and reflections, but not in preparations, 
gathering of data and analysis. 

Each study was prepared and analyzed together with other researchers, both internal and 
external, securing triangulation of evaluators. Only the journal analysis is done only by 
me. Also, each of the separate studies is a full study, i.e., with a specific research question; 
a review of literature; an appropriate methodology; data gathering and coding; analysis 
and conclusions. All of the studies are analyzed and discussed with two aims: 
•	 What is the nature of team cognition?
•	 What is the contribution of designers?

In order to establish a chain of evidence all data was stored and is available. Interviews 
were transcribed, such as filmed meetings that were deployed in the analysis. Also coding, 
and how coding was done has been documented. For analysis mostly a ‘designerly’, highly 
visual, approach was adopted. All data and in-between results were visualized, and stuck 
to walls (see Figure 3.5). It enabled to trace back e.g., what was said in a meeting, with 
available screen shots and how it was coded. Also for the analysis of tables Circos software 
was deployed that visualized tables (see Figure 3.11 later on). It enabled to see patterns 
that are somewhat hidden inside tables. 

Even though the methods and aims vary, the studies are anchored in the same data 
set, the ORE case, allowing cross comparison. The studies are summarized and presented 
briefly in the exhibition in chapter 3.3, providing a feel for the method deployed, the 
aim and the main findings. In the Appendices 2-6 the studies are presented in depth, 
including:
•	 The aim and research questions, including the motivation.
•	 A brief theoretical explanation, if required.
•	 The method deployed, including how data is coded and analyzed.
•	 A brief presentation of findings.
•	 The conclusions of the study at hand. 
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Transcript

Story board 
of filmstills

Timeline

Team activities

Fledgling Insights

Figure 3.5
An example how casual relations were established and documented; adopting a ‘designerly’, highly visual 
approach. The analysis shown is of the study ‘the team reflective practice’ (Appx.3). All data was mapped on the 
walls, following a timeline. Meta data is depicted along the same timeline, such as a visual depiction of team 
activities.

 3.2.7 Integrating and synthesizing findings: creating boxes
The studies with different empirical lenses (Appxs.2-6) provided many, somewhat 
idiosyncratic findings. The challenge was to integrate the findings into a unified 
framework, a problem inherent to research composed of several sub-studies. The problem 
is twofold. First, those findings need to be distilled that are persistent across all studies, 
and are abstract enough to transcend these particular studies. Also the findings need 
to preserve the ‘feel’ that is captured in the dataset, such as illustrative quotes. Second, 
there is the problem of reporting. The findings of the collection of studies need to be 
comprehensible for an audience unfamiliar with Océ, capturing important observations; 
yet are brief enough not to detract from the generic line of reasoning. 

The solution is named ‘boxes’: concise, compelling and clarifying boxes that are 
grounded on data. Each contains one interesting and revelatory insight that was found 
across different studies. Consider e.g., a constitutive factor for team cognition that is 
found or an observation that explains how and why such a factor is constitutive. The 
boxes are ‘building blocks’ and are deployed to illustrate the findings, while sufficiently 
preserving the ‘feel’ of the original data. In total thirty boxes were distilled, and are 
presented in ensuing chapters, illustrating findings on divers topics such as knowledge 
boundaries, the constituents of team cognition, the practice of designers, and distributed 
teams. The boxes are integrated into a revised framework on team cognition (discussed in 
chapter 6 and 7) and on what designers contribute (discussed in chapter 8 and 9).

To infer, assemble and refine these building blocks workshops were conducted with 
co-researchers, both internally and externally. The aim of the workshops varied in time, 
however always deployed the same ORE data set. In the workshops all findings were 
presented briefly and concisely, followed by a sorting and synthesis process (see Figure 3.6). 
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Also while doing analysis I noticed that the findings across studies were converging. Some 
illustrative examples of findings of one individual study were put together with illustrative 
examples of another study if these resembled each other. The boxes quite naturally 
emerged out of the data. 

Each box is designated by an easily memorable label, like for Box 1: ‘ORE and the  
different framings of developers’. All boxes are one or two pages only, a constraint that  
enhances reading, and also forces me to be to-the-point. The underlying sources 
(appendices) are mentioned, to maintain a chain of evidence between original data 
and the eventual box. In order to preserve the feel included in the original data, often 
quotes, sketches and photos derived from the studies are used. What is not included in 
the boxes are the methods deployed underlying the studies, the research questions or the 
handling of data. All these things can be found in the appendices. The boxes constitute all 
subsequent chapters. 

Figure 3.6
A workshop conducted with internal and external 
co-researchers. It was geared for integration of findings 
for this inquiry.

 

 3.3 An exposition of conducted studies
The findings that transcend the original studies and are persistent across the studies are 
presented in subsequent chapters. Below the studies are briefly introduced and some 
findings discussed to provide some insight in the studies themselves, a ‘sneak preview’ 
for those interested. I am well aware that in the summaries already some notions are 
introduced which only will be explained in depth in later chapters. Nevertheless, I will 
not explain these notions here. For the time being it suffices to show the kind of studies 
conducted, and what insights results from these distinctive studies.

 3.3.1 Journal analysis (Appx.2)
This study (s3) concerns analysis of my personal observations as captured in my journals, 
and the research questions: 
•	 What is the nature of team cognition in NPD?
•	 What factors in the work of designers moderate team cognition, how and why? 

For this study, I analyzed my personal journal, spanning a period of several months. 
Also photos, documentation and archives documented in the same period were used 
(see Figure 3.7). Eventually I carved a series of consecutive team surprises out the flux of 
events, all related to one and the same topic. The meeting concerns a multi-disciplinary 
problem which overthrew all contributions of team members. More and more team 
members became involved, and explicit coordination was required. In time, team 
members showed that they knew what to do once again, needing less meetings to align 
and coordinate activities. It shows the emergence of team mind. Team mind concerns 
implicit alignment and coordination of activities, as team members act heedfully in 
relation to others. The discovery of a multi-disciplinary problem, how the team made 
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sense of it, and how it eventually was solved, provide core insights for understanding team 
cognition: 
•	 An extreme indeterminacy exists in multi-disciplinary teams, and ‘in between’ 

specialists a problem arises no one is aware of. 
•	 Seeing activities of others - also by means of e.g., a shared workspace in CAD - are one 

of the basic elements for individuals to interrelate their activities. 
•	 Th ree team level cognitive processes are described: minding, sensemaking and 

refl ection-in-action. Sensemaking processes and refl ection-in-action processes are fairly 
similar when considering the activities at any given moment, yet at the team level 
depict a rather diff erent pattern. Only in hindsight, the distinction can be made. 

•	 Objects are pivotal for NPD teams, anchoring the distinctive practices of specialists 
in one and the same world. Th e objects deployed in sensemaking processes and in 
refl ection-in-action processes are fairly diff erent. 

•	 Designers have a diff erent orientation to the problem and hence have a characteristic 
contribution on team cognition. Th ey take an outside-in (product oriented) and user 
centered perspective, rather than a technological, inside-out perspective. Th e typical 
framing on ‘product’ rather than ‘technology’ helped the team to discover, make sense 
and solve the problem at hand. 

•	 Th e diff erent approaches for solving problems between engineers and designers 
articulate sharply as a result of the time pressure under which the team fi nds itself. 

 

Figure 3.7
An example of the journal analysis and 
how several data sources are deployed 
simultaneously. It depicts an idea as 
documented in the journal that was made in 
a meeting: to hide a group of handles behind 
a large cover. Not until this part is turned 
open, the handles will be revealed. Th e CAD 
picture shows how the idea was developed in 
CAD. Th e idea was evaluated by means of a 
cardboard prototype and then refuted. 

 3.3.2 Team reflective practice (Appx.3)
A critical and decisive team meeting was fi lmed and analyzed, according to Schön’s 
refl ective practice (1983), see Figure 3.8. Th e refl ective practice is well suited for 
understanding team design processes and a method is developed (Valkenburg 2000) that 
was deployed for this study. Th ree questions guide the study (s4): 
•	 How does the team come to an understanding of the problems at hand?
•	 How does the team solve the problems at hand?
•	 Are diff erences observable between team sensemaking and team refl ection-in action?

In order to analyze the meeting, it was framed as a team monologue. Hereby it is not 
seen as a dialogue or a discussion between team members, rather it is seen as a ongoing 
monologue that was put together piece by piece by the distinctive team members. All 
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Figure 3.8
Th e large map deployed to analyze a critical team meeting. Approximately two-thirds of the meeting is depicted 
in the picture. It shows the team activities by means of distinct shapes and colors, including naming, moving, 
refl ecting and surprises. Th e frames in which team activities manifested themselves were drawn by hand onto 
the map. Th e timeline hanging underneath depicts the segments of the original transcript and the screenshots 
out of the storyboard. In the cut-out on top a part of the map is shown. More than one topic was dealt with 
simultaneously, or stalled for some time. It manifests itself on the timeline: vertically distinctive lines of 
activities can be seen.

Activities (coded)
Horizontal lines 
are different activities.

Timeline

Storyboard

Transcript (in segments)
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activities in the meeting were coded, and visually depicted in order to analyze how the 
meeting evolved. The resulting visual representation enabled to find patterns in activities, 
and to trace meaningful changes in the patterns. A genuine team surprise transformed the 
character of the meeting. 

In the first period, team members were making sense of the situation they were in. 
Frames seem to be lacking and activities were incited by events, surprises and pieces of 
information that were added. It was a team effort to make sense of the concealed relations 
between what was known by the team members. The relations and dependencies only 
could be discovered by means of proposing ideas or problems, pointing at things and 
conducting evaluations with a prototype. Thereby often surprises were encountered, 
reshuffling all that was known. 

In the second period team reflection-in-action could be witnessed as the team 
sufficiently grasped the problem at hand, and solutions were sought for. Frames guided 
possible directions, and though surprises also occurred, they did not put the team back, 
but provided new conceptual directions for solving a problem (“now that is an interesting 
train of thought”). 

What is articulated in this study is the importance of acting and tangible objects for team 
cognition. By means of someone thinking aloud, others can validate the argument, and 
also provide supplementary information. By means of pointing and interacting with the 
prototype, team members understand and discuss solutions and problems. By means of 
a role play, all can observe the consequences of their collective choices and discuss it on-
the-go. These acts need to be seen or heard by others. Only in the tangible world of things 
and speech the dynamical collective thinking processes occur. Thereby typically problems 
and solutions co-emerge every now and then: by proposing a solution, a new problem is 
discovered.

 3.3.3 Cues & frames (Appx.4)
In two previous studies objects and representations showed to have a pivotal contribution 
to team cognition. In this study (s5) the focus is on cues: cues that evoke action, originate 
thinking, and guide further activities. Cues are extracted things and events in the world 
that we experience, hinting at events that are not expected. Making relations between cues 
and expectancies is creating meaning. The research questions are:
•	 What cues incite sensemaking and reflection-in-action processes; 
•	 How and why are these processes incited?

In this study, decisive shifts in the team monologue are discerned, unexpected changes 
that nevertheless strongly contributed to the eventual outcomes of the meeting. Consider 
that amidst a dialogue, a team member suddenly mentions something new, and the team 
reframes their activities. For these moments, credible cues are pinpointed which preceded 
the decisive shifts. Three types of cues are discerned (see Figure 3.9).
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Cue: prototype

“If this occurs, then the operator needs 
to close that thing, and pluck it [sheet 
of paper] out over there, right?”               
(35:46)

Cue: dialogue

“Why did you mention that? Because 
that bothers me, that �nisher is quite 
a long way. It [sheet of paper] only 
starts fumbling up when it hits a 
pinch that isn’t operating.”              
(28:17)

Cue: roleplay

“You will have to do ‘1-2-3’ now. You 
can... yes, you can skip step 1 and 2, 
and now you will open ‘HT’…”
(23:22)

Figure 3.9
Three stills out of the film, depicting three different types of cues which are discerned. Note how on the left all 
team members are focused on someone in the meeting, whereas in the middle and the right the prototype is the 
focal point of attention.

The findings show that nearly as many cues originated from interactions with the 
environment (in this case the prototype) as from the dialogue, i.e., team members reacting 
on something that is said. For sensemaking processes the interactions with the prototype 
even provided most cues that incited decisive shifts. Team members attempted to get as 
close as possible to the state-of-affairs, even including choices made by team members that 
were not represented in the prototype. It is a characteristic feature of sensemaking: putting 
together and assessing all knowledge available of the state-of affairs. 

For reflection-in-action processes the team withdraws itself from the prototype and 
resorts to dialogue, discussion, and imagination. They do so in order to devise solutions, 
or to evaluate these. Hence, the dialogue is the main source of providing fruitful cues. 
Every now and then team members engage in ‘thinking aloud’: not talking to anyone 
in particular and articulating a train of thought. It enables to explore a problem or a 
solution, together with others.

Another finding is ‘embodied experiences’. When team members interact with a 
prototype in order to find and interpret problems they feel something is not good. They 
hear a sheet of paper tearing, they smell a motor is running too hot. The felt experiences 
are remembered well, they are ‘embodied’ (Lakoff & Johnson 1999; Johnson & Rohrer 
2007, Van Rompay 2008). The experiences are quintessentially the same for all involved, 
providing the same rich source for extracting cues we attend to. The study suggests 
strongly that it reconciles contesting aims among team members.

 3.3.4 The dynamical interplay of roles (Appx.5)
This study (s6) attempts to pinpoint what designers do in multi-disciplinary NPD teams, 
and what the effects are on the teams. It is guided by the following questions:
•	 What do designers and other roles do inside teams?
•	 What does the observed role of designer contribute to teams?
•	 What are the interactions between the observed roles?
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Analysis is conducted on both the formal roles of team members; and also on the 
observed roles in the filmed meeting. Comparing the findings of the two framings enables 
a more comprehensive view on roles. Interestingly the observed roles and formal roles do 
overlap, however far from completely. 

The switching of roles by individuals seems crucial for the swift progress as observed in 
the meeting. Team members easily adopt other roles to articulate a problem or to propose 
a solution. It aptly can be named ‘inter-disciplinary’ as opposed to ‘multi-disciplinary’. 
Only proposals of individual team members that show they care about the aims of 
others have a fair chance to become accepted by the team. This finding puts the focus 
simultaneously on both individuals and the team: only individuals can make moves that 
cross boundaries across practices. However, only the team can accept or refute it: any 
proposal must depict sufficient heed; is inter-disciplinary. 
In the analysis several sub-analyses were done, and comparisons made with other studies, 
to switch the empirical lens on distinctive topics. The topics are among others: 
•	 Analyzing the orientation to problems of roles: if a role frames problems ‘holistic’ or 

tends to ‘disaggregate’ them in smaller sub-problems.
•	 Analyzing which roles argue about user or usability.
•	 Which roles provide the namings of the frames a team attends to?
•	 Which cues are noticed by which roles?

The dynamical interplay of roles in the meeting articulates the distinctions among roles, and 
each role has some specific features. The focus in the study is on designers, who showed to 
have a focus on user, usability and frame topics holistically, i.e., the product as a whole (see 
Figure 3.10). Hence they discussed problems and searched for solutions outside-in.
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Figure 3.10
One of the analyses conducted in Appx.5. It highlights the arguments team members made in a filmed meeting 
and that were coded as user related. As some team members spoke at great length and some only made few 
remarks the relative number of arguments are depicted. The bar chart on the left shows the individual scores; 
the bar chart on the right the aggregated and averaged score per role. Validator ‘V3’ has a design education. It 
shows well that designers ‘talk users’. A validator is a specific role inside Océ involved into validating whether 
the ‘right product’ is made. 



80

Striking is that more than half of all team frames originated from a remark by a designer, 
above all in the phase when a problem is sufficiently understood and solutions are devised. 
Their imagining skills surface in this stage of the meeting. It is found that designers 
more than others respond to what is said, imagining the implications. What designers 
constituted to team cognition is that they provided a platform for others to discuss and 
reflect on multi-disciplinary problems: the eventual product and users. Some problems or 
solutions could not be translated from one specialism to another, enabling to reflect across 
specialisms. However, all choices mediate the eventual product, enabling to reflect across 
specialists.

 3.3.5 Interviews: heedful interrelations (Appx.6)
In the personal observations and the filmed meetings the basic mechanism of interrelating 
was found: interactions among team members; and/or with objects. In this study (s7) the 
aim was to find and understand the resulting patterns across specialists:
•	 What are the interrelating patterns in an NPD team, and how and why do the patterns 

emerge?
•	 What is the contribution of designers?

The study concerns interviewing team members in a semi-structured way about their 
activities for ORE, and distilling the patterns across individuals. The interviews revolved 
around the content of activities of specialists and therefore had the character of a dialogue 
rather than a question-and-answer format. The interviews were analyzed in three ways:
•	 The roles mentioned, in order to find the patterns of interrelations in the activities that 

existed between team members. Figure 3.11 shows one of the visualizations made, in 
order to find meaningful patterns. 

•	 The topics which were discussed are compared across interviews, in order to see if 
distinct roles also pay attention to specific topics. It was visualized to find patterns. 
Some topics were analyzed in depth, to understand the distinct framings by roles. 

•	 The interviews were analyzed for the objects mentioned, including which category of 
objects and in which relation. 

The interviews provided rich insights in the nature of team cognition, and laid bare a 
boundary between the practices of hard- and software in the situated context of Océ. 
Interestingly, despite the boundary, still the alignment and coordination of activities 
was sufficient, as according to interviewees the result was good. In this study it was 
demonstrated that the team members were capable to interrelate their activities to those 
of others among others as a result of few boundary spanning roles. Also objects, such as 
integrated prototypes, enabled to interrelate activities. It is named the joint practice of the 
team: even though some specialists find it hard to understand each other’s practices, some 
things are part of all practices, and thus are part of their joint practice. Often these things 
are jointly constructed, and emerge in time. 

The contribution of designers to team cognition also manifested in this study. Their 
specific framing on product and user, and their inclination to participate across practices 
(e.g., hard- and software) enabled them to become boundary spanners-in-practice. 
Thereby they acquired legitimacy to participate, because they showed heed in relation to 
aims of others. 
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Columns of table: Mentioned roles Rows of table: Interviewees

�e pattern of ribbons
of one group of
interviewees depict
the roles mentioned

A ribbon connects rows (the group of interviewees) 
with columns (the roles they mentioned). 
A wide ribbon depicts that a speci�c role is often
mentioned by a group of interviewees

Segment size 
depicts the
occurances
a role is
mentioned by all.

Segment size 
depicts total
number of roles 
mentioned by
group of interviewees

One segment depicts
one group of 
interviewees
= row in table

Architect

Mechanical
Engineer

Designer

Electrical Engineer

Project leader

Software Engineer

Validator

Project
leader

Figure 3.11
An example of the analysis of the interviews deploying Circos software for visualizing tables. It enables to fi nd 
patterns in a table in a qualitative manner. Above an example is shown that both explains how to read a 
Circos visualization and provides an insight how interviews are analyzed. 
Th e circle depicts the occurrences of a formal role that is mentioned in a range of interviews (Appx.6). Th is 
particular fi gure emphasizes the ‘profi le’ of the interviewed project leader. On the left side of the circle the 
segments depict the roles that interviewees formally have. Th e segment of the project leader is wide, showing 
that the interviewed project leader mentioned many roles he collaborated with. On the right side the segments 
concern the occurrences a specifi c role is mentioned. If the segment is wide, the interviewees together often 
named this role in the interviews. Th e ‘ribbons’ between the left and right side of the circle connect the formal 
role of the interviewees with the roles mentioned by this interviewee (-s). A wide ribbon shows a large number 
of occurrences, e.g., the interviewed project leader mentioned often a specifi c role in relation to ORE. A small 
ribbon depicts that the project leader hardly mentioned a specifi c role. 

 3.3.6 Conclusions
In this chapter broadly the studies are introduced that are described in depth in the 
Appendices 2-7. In part 2, understanding team cognition, and part 3, the contribution 
of designers to team cognition, the fi ndings of all studies together will be presented and 
explained.
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Part 

2 
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Understanding 
team 
cognition

“
”

The emphasis on finding and describing ‘knowledge structures’ that are 

somewhere ‘inside’ the individual encourages us to overlook the fact that 

human cognition is always situated in a complex socio-cultural world and 

cannot be unaffected by it. (E. Hutchings 1995: p. xiii)
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Chapter Team cognition: rival theories

Comparing perspectives  

The second part of this thesis concerns understanding team cognition 

and deals with the first research question: what factors constitute team 

cognition in the context of NPD, how and why? First, the field of 

knowledge is explored and compared to the practice of NPD at Océ 

(chapter 4). This provides a guiding perspective to develop a theoretical 

framework (chapter 5). Subsequently, the empirical findings are discussed 

of team cognition in-the-wild, discussing the findings of a range of studies 

(chapter 6). This part ends with synthesizing theory and empirical findings 

into a new framework (chapter 7).

In this chapter three perspectives on team cognition are discussed, providing 

an overview of the field of knowledge. On the base of insights distilled from 

the daily practice of NPD, the perspectives are evaluated for their practical 

value for NPD. It will be explained that a dynamical perspective on team 

cognition is needed.

4
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According to Dewey (1938), it is impossible to start an inquiry fully open-minded. 
Th ere are always some expectations and implicit assumptions that shape what events 

are noted and how events are interpreted. To guide further inquiry, it is required to 
explicate a theoretical framework that guide empirical studies. It should provide clues to 
what possible factors constitute team cognition and what the relations are of constituting 
factors. Also, it should provide a concise vocabulary for the remainder of the thesis. 

Th e problem is that team cognition is a diffi  cult construct. Just consider that nothing 
‘embodies’ this cognition. Several perspectives co-exist that are deeply rooted in distinct 
schools of thought, such as social psychology or organization sciences. In this chapter 
an overview is provided on constructs related to team cognition, categorizing them into 
three perspectives. Each of these perspectives is rooted in distinct schools of thought, 
has distinctive philosophical roots, deploys diff erent methods to conduct research and 
observes distinctive units of analysis. Th us, I need to take a position on what perspective 
to adopt.

In a truly pragmatist tradition, my choice is based on what works best in practice, 
rather than on strictly theorizing. Th eory is considered instrumental for practice. 
Th erefore I compare the three perspectives with insightful observations of the practice at 
Océ. Th e aim is to compare these ‘rival’ perspectives for their practical consequences in 
the situation of NPD to choose the one that fi ts best. In the fi gure below an overview of 
this chapter is provided. 

 

         

Three 
perspectives 
on 
team cognition
 
(4.1)

As information 
processing 

As knowing-in-
action 

As ecological
system

Cross comparing
perspectives (4.2)

Comparing rival theories
with NPD-in-the-wild (4.3)

Concluding: a dynamical
perspective is needed (4.4)

Figure 4.1 
Overview of chapter 4.

 4.1 Three perspectives on team cognition
Recently several scholars coined ‘team cognition’ or varieties on this (Hutchins 1995; 
Fiore & Salas 2004; Gutwin & Greenberg 2004, Cooke et al. 2004, 2008, 2009), even 
though they represent diff erent schools of thought. Th e generic assumption underlying 
these publications is: if a team acts coherently, purposefully, intentionally and dynamically 
in relation with its surroundings, then there is team cognition operating. Hence, when 
the ‘seamless coordination’ (Fiore & Salas 2004) of team members can be observed, team 
cognition manifests. 

Th is seamless coordination can be observed even when explicit communication 
between team members is not observable. Th is phenomenon can be observed easily in the 
everyday practice of teams, yet is hard to explain. Team cognition is used to clarify team 
functioning and team performance (see e.g., Cannon-Bowers et al. 1993; Mathieu et al. 
2000; Cooke et al. 2003). Alternatively, it is also observed that teams sometimes no longer 
seem to respond to events that occur, and maintain activities, procedures and behavior 
that no longer are eff ective. Team cognition, or comparable constructs, are deployed to 
explain serious team performance defi ciencies, such as Group Th ink (Asch 1956; Janis 
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1972) and disasters that were a result of human errors (Perrow 1984; Vaughan 1996; 
Weick 2001).

 4.1.1 Overview of perspectives on team cognition
Team cognition is a developing topic, ‘akin to adolescence’ (Fiore & Salas 2004: p. 245; 
Cooke et al. 2009). Several disciplines currently study collective cognitive processes in 
teams, including social and cognitive psychology; organizational sciences and (cognitive) 
anthropology. Some of these studies are rooted in NPD, or discuss NPD (Brown & 
Duguid 2001, Orlikowski 2002, Carlile 2002, Carlile & Rebentisch 2003). These studies 
on team cognition have proven to be fruitful for understanding teams and organizations, 
though their immaturity has consequences (Mohammed & Dumville 2001, Salas & 
Fiore 2004). As nothing embodies the team level cognitive properties, it is difficult, if 
not impossible, to develop valid quantitative measures (see e.g., Cooke et al. 2000, 2003, 
2009; Mohammed & Dumville 2001). Also, a excess of overlapping terminology has 
arisen, and only a few publications seem to incorporate most perspectives (Mohammed & 
Dumville 2001; Fiore & Salas 2004; Cooke et al. 2009).

The wide range of terminology and the lack of convergence demonstrates the co-existence 
of several paradigms, and the schools seem to ignore writings of others schools, apart 
from some footnotes. The differences among schools of thought can be constituted to 
specific perspectives, embedded in distinct bodies of literature. This field of knowledge 
as presented in Table 4.1 will be discussed by dividing the body of knowledge roughly 
into three groups. Underlying these groups, three main premises can be identified. In the 
following section these perspectives will be discussed separately, highlighting some key 
notions. 
•	 Team cognition as information processing 

This view portrays team cognition as a team that processes information. A team 
consists of a collection of individual information processors. This premise is prevailing 
in social cognitive psychology.

•	 Team cognition as knowing-in-action 
This view portrays team cognition as coherence and coordination in the activities of 
team members while dealing with situations encountered. This premise is primarily 
found in organizational sciences.

•	 Team cognition as an ecological system 
This view portrays team cognition as a system of humans interacting with each other 
and their environment, including tools, representations and the surroundings. This 
premise has its origins in social anthropology. 



87

Description Model on individual cognition

Team cognition as information processing

Transactive memory 
Wegner 1987

Memory systems that combine the knowledge of actors 
with awareness of who knows what

Individual memory as encoding, storage 
and retrieval of information

Organizational memory 
Walsh & Ungson 1991

The stored information from an organization’s history that 
can be retrieved and shapes present decisions

Decision making theory and individual 
memory

Shared mental model 
Cannon-Bowers et al. 1993

Knowledge structures that enable to form expectations of 
the task, to coordinate actions and adapt behavior

Mental models (Johnson Laird 1980) 

Team mental models 
Klimoski & Mohammed 1994

Similar to shared mental models, yet discerning it at team 
level

Mental models (Johnson Laird 1980) 

Team situational awareness 
Robertson & Endsley 1997

Collection of individual’s situational awareness: perception, 
meaning attribution & projection of future 

Situational awareness (Endsley 1988)

Team knowledge 
Cooke et al. 2000

Collection of task- & team-related knowledge and their 
collective understanding of the current situation

Combines situational awareness and mental 
models

Team cognition 
Fiore & Salas 2004

Team cognition as the binding mechanism of observable 
team coordination

The binding mechanism of observable 
coherent behavior of individuals

Shared understanding 
Kleinsmann 2006

A similarity in the individual perceptions of actors about 
content and the transactive memory system

-

Team cognition as knowing in action

Collective mind 
Weick & Roberts 1993

Actors construct their contributions on the base of the 
system envisioned and interrelate their actions

Mind as a disposition for a propensity to 
act (Ryle 1949)

Distributed knowledge system 
Tsoukas 1996

Firms are decentralized systems without an overseeing 
mind; knowledge is radically indeterminate & emerging

Knowledge is socially dispersed

Collective tacit knowledge 
Leonard & Sensiper 1998

Collective expertise and tacit knowledge residing in organi-
zational routines, norms, processes

Explicit & Tacit dimension of knowledge 
(Polanyi 1966)

Knowing in practice 
Brown & Duguid 2001

Knowledge is related to communities of practice that share 
knowledge by means of shared practice

Explicit & Tacit dimension of knowledge 
(Polanyi 1966)

Knowing in practice 
Orlikowski 2002

An enacted capability of organizations to deal with the 
ongoing, situated practice of organizational members 

Knowing that resides in practices (Ryle 
1949, Polanyi 1966)

Group tacit knowledge 
Zerden et al. 2008

Practical, technical and cognitive skills that are not pos-
sessed by one but created and possessed collectively

Explicit & Tacit dimension of knowledge 
(Polanyi 1966)

Team cognition 
Cooke et al. 2009

The process of thinking at team level: including perception, 
reasoning and learning. 

Ecological psychology: interactions between 
people and environment 

Team cognition as dynamical system

Shared vision 
Bucciarelli 1994

A reconcilation and transformation of the distinct object 
worlds in an integrated design

Object world: domains of thoughtas result 
of prior experience and education

Distributed cognition 
Hutchins 1995

Cognitive processes are socially distributed, and are media-
ted by environment and historical context

Cognition as computation, as information 
processing 

(Team) knowing as action 
Cook & Brown 1999

Knowledge is embedded in practice. It is part of action (as 
opposed to using knowledge in action) 

Knowing is not possessed but resides in 
action (Dewey 1938)

Knowledge in practice 
Carlile 2002

Knowledge is localized, embedded and invested within a 
given practice

-

Table 4.1 
An overview of terms related to team cognition
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 4.1.2 Team cognition as an information process 
Most research and theory concerning team cognition quintessentially considers knowledge 
as information that can be explicated. Knowledge can be articulated, coded, stored, 
retrieved and combined. Teams and organizations are framed as black boxes that acquire, 
store and retrieve information, see Figure 4.2. Consider, for example, the concept of 
Organizational Memory (Walsh & Unger 1991). Th is revolves around the storage and 
retrieval of historical information inside organizations to make present decisions. It is 
noteworthy that they departed from the idea that memory only resides within the heads 
of people or in written documents. Th ey discerned other memory ‘storages’, including 
aspects such as the culture of an organization or the workplace ecology. 

Input OutputProcess

Storage

Team

Storage

Figure 4.2 
A model depicting team cognition as information 
processing. It considers teams as a black box and 
knowledge as information that can be coded, stored 
and retrieved. In the fi gure the arrows indicate the 
fl ow of information inside a team: it can be captured, 
processed and stored in the team; e.g., in documents, in 
the memories of individuals (Wegner 1987) or even in 
tangible objects (Walsh & Ungson 1991). Or it can be 
retrieved, processed and externalized.

Scholars working in this paradigm attempt to understand how information is gathered, 
retrieved and shared; information that is deeply ingrained into organizations. Th e oft cited 
models and constructs are:

Transactive memory
Wegner (1987) focused on interdependencies amongst individual memories as a way to 
connect disparity between these memories. In addition to their own memory, individuals 
in teams also have an understanding of who-knows-what. Th is includes knowing the 
skills of team members and responsibilities of who remembers what. It emerges as teams 
collaborate. Integrative processes of memory retrieval were considered the most important 
events (ibid.: p. 197). However, how the diff erent specialists reconcile and transform their 
knowledge remains ‘magical’ (Wegner et al. 1985: p. 268).

Shared and team mental models
Individual mental models concern the mental representations of objects and people in 
the world, and the sequence of events. It enables members to predict what will happen 
and act eff ectively (Johnson-Laird 1980, 1983). Shared and team mental models are 
commonly held mental models by members of a team, see Figure 4.3. Th ey enable 
them to form accurate explanations and expectations of the task. Th is facilitates to 
coordinate their actions and adapt their behavior to demands of the task and to other 
team members (Cannon-Bowers et al. 1993: p. 228). Individual team members have 
mental representations they share with others, and thus team mental models emerge that 
enable them to coordinate their actions swiftly and eff ectively. It is assumed that in teams 
several shared mental models co-exist (Cannon Bowers et al. 1993, 2001; Klimoski & 
Mohammed 1994, Mathieu et al. 2000 Badke-Schaub et al. 2007). Th e measurement 
of team mental models should reveal the emerging convergence amongst team members 
for both content and the structure between known elements (Mohammed & Dumville 
2001). Th e fi ndings are inconsistent despite early positive results questioning their 
application (Cooke et al. 2009). 
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Figure 4.3 
A basic model depicting shared or team mental models. 
It depicts a team in which members have distinct 
knowledge. To collaborate, team members have similar 
mental models of which likely several co-exist. Not 
all team members will have the same mental models, 
hence in fi gure three distinct models are depicted. 
Th e assumption is that for team performance, mental 
models must be shared to some extent to collaborate 
eff ectively. 

Other constructs are team situation awareness (Endsley 1995) and team cognition (Salas 
& Fiore 2004, Cooke et al. 2009). Interestingly, all these constructs consider a priori 
‘sameness’ no longer an index for eff ective team collaboration alone. Rather they consider 
team cognition an emergent property of teams. Also, team members can be specialists as 
long as some amount of ‘sameness’ in thinking arises in to align activities eff ectively.

However, some ambivalence can be noted. Whereas for theorists emerging collective 
cognitive properties are tenet (Wegner 1987, Klimoski & Mohammed 1994, Salas & 
Fiore 2004), empirical studies mainly focus on training, i.e., on enhancing a priori 
‘sameness’ in mental models a priori doing tasks (Mathieu et al. 2000, Cooke et al. 2003, 
Lim & Klein 2006). Also, theorists make no principal distinction between homogeneous 
and heterogeneous teams, yet empirical studies focus on small homogenous teams such 
as pilots and combat teams (for an overview, see Cooke et al. 2009). Multi-disciplinary 
teams are out of scope.

 4.1.3 Team cognition as ‘knowing-in-action’ 
A diff erent approach is proposed by Weick & Roberts (1993) who shifted their focal 
point from knowledge to acts and the interpretation of these acts. As such their theory on 
‘collective mind’ is no longer grounded on a premise of knowledge as information but on 
‘knowing-in-action’. Th is infl uential publication is rooted among others in the work on 
individual cognition of Ryle (1949) who quintessentially placed ‘mind’ outside the human 
body. Ryle refuted the prevailing assumption that ‘mind’ is located somewhere inside a 
body, operating it: the ‘ghost in the machine’. Rather he considered cognition manifesting 
in the style of activities of the person interacting with the world. 

Weick & Roberts incorporated Ryle’s idea that action and thinking cannot be separated 
and that mind denotes an inclination to act in a certain style when specifi c situations 
occur. However, they extended it to interacting team members. Individual actions are 
interpreted by others who respond to it. Th is response is noted by the individual who 
thus learns what the consequences are of his activities on others and vice versa. Th e team 
members ‘interrelate’ their activities, which is defi ned as:

Team members interrelate their activities, when they establish the relations between 
their activities and those of others, and subordinate their acts accordingly. 

Eventually a higher order pattern of interrelated team activities emerges. 
Central in their argument is the consideration that people in teams or organizations are 
inclined to act with heed: to do and interact with others carefully, critically, willfully and 
purposefully rather than habitually (Weick & Roberts: p. 361). Th ey argue that as a result 
of activities individuals in the system construct their actions (contributions), envision 
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a system consisting of connected actions by themselves and others (representation), 
and interrelate their actions within the system (subordination). Th is contrasts to 
aforementioned notions on shared mental models that assume that these arise, for 
example, as a result of individuals sharing their individual mental models by means of 
communication. According to Weick & Roberts, no longer is communication tenet, but 
observable actions. In short: people interrelate their activities with those of others not so 
much because of what others say but because of interpreting what others do. 

Collective mind is conceptualized as a result of collaborative actions as individuals 
react to activities of others, see Figure 4.4. Accordingly, resilient patterns emerge. Yet 
‘mind’ without brains embodying it may be perceived as somewhat awkward. Th is may 
explain why the construct of ‘collective mind’ is criticized by some (e.g., Fiore & Salas 
2004: p. 238). Nonetheless: 

“Th ere is nothing mystical about it (..) Th e collective mind is “located” in the process of 
interrelating just as the individual mind for Ryle was “located” in the activities of lorry 
driving, chess playing, or article writing. Collective mind exists potentially as a kind of 
capacity in an ongoing activity stream and emerges in the style that these activities are 
interrelated. Th e patterns of interrelating are as close to a physical substrate for collective 
mind as we are likely to fi nd” (Weick & Roberts 1993: p.267). 

A collective mind emerges once individuals in a team act with heed towards larger aims. 
Other scholars (see below) presented similar fi ndings on knowing-in-action and with 
empirical bearings in the realm of NPD. 

Figure 4.4
A visualization of interrelating patterns: team 
members see what others do and as an eff ect interrelate 
what they do with the activities of others. As a result, 
an emerging higher order pattern arises independent of 
individuals. Of importance, is that the team members 
are part of the same ‘world’. 

Knowing in practice
Orlikowski (2002) conducted an empirical study on a globally distributed NPD teams 
developing software. She underlines the importance of knowing in practice. Knowing is 
‘an ongoing social accomplishment, constituted and reconstituted as actors engage the 
world in practice.’ (Orlikowski 2002: p. 249). She describes how the knowledge-ability 
of distributed NPD teams resides in their every day practice and activities. It cannot 
be explicated. Knowing-in-practice is not incorporated solely ‘outside humans’ such 
as documents nor incorporated ‘inside humans’, namely, in our brains (ibid.: p. 252). 
It is situational, endorsed and continuously changing. It hardly can be conceptualized 
into conventional frameworks, therefore she visualized it by means of Escher’s ‘Drawing 
hands’: the right hand draws the left one and vice versa (see fi gure 4.5). Practice 
constitutes organizational knowing and organizational knowing constitutes everyday 
practice.
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Figure 4.5
Escher’s drawing hands (1948) as a depiction of 
knowing in practice. Practice mediates organizational 
knowing like how to do things. Reciprocally 
organizational knowing mediates everyday practice.

Communities of practice 
Brown & Duguid (2001), glossing over empirical studies and theories on knowledge, 
argue that knowledge inside firms is troublesome as it is interconnected with communities 
of practice. These are groups of people who share the same work practice, like the 
community of Xerox service technicians (Orr 1996). The division of practices inside 
firms is also a division of knowledge. Within a given communal practice individuals learn 
by doing and develop communal know-how from that joint practice. Knowledge inside 
a community of practice is shared, for instance by narratives, jargon and doing things 
together. Thereby Brown & Duguid emphasized that the division of knowledge is not as 
much a result of communities inside organizations but of the division of practices. 

Group tacit knowledge
Several theorists extend the notion of the tacit dimension of knowledge (Ryle 1949; 
Polanyi 1966) to the level of teams and organizations (Kogut & Zander 1992; Leonard 
and Sensiper 1998; Tsoukas 2003; Erden et al. 2008). Kogut & Zander discern explicit 
organizational knowledge and organizational know-how: the accumulated practical skill 
or expertise that allows an organization to do something smoothly and efficiently (Kogut 
and Zander 1992: p. 386). Likewise, group tacit knowledge is tacit knowledge that is 
not possessed by one. It is developed collectively by means of interactions and joint 
experiences (Leonard & Sensiper 1998, Erden et al. 2008). It allows the team to deal with 
uncertainty and, while doing this, tacit knowledge is developed (Erden et al. 2008: p. 9). 
It is deeply ingrained in the activities of teams and organizations, shaping its boundaries 
(Kogut and Zander, 1993) and cannot easily be imitated (Leonard and Sensiper 1998).

 4.1.4 Team cognition as a ecological system
A third approach on team cognition stems from anthropologist Hutchins (1995) who 
downplays the contribution of humans in favor of the environment and history. This 
deviation is based on the discontent with the assumption that cognition and knowledge 
only reside within the heads of humans (Hutchins 1995: p. 132). This assumption 
overlooks the relationships among team members and the (artificial) environments 
humans are part of (for related theories, see also: Latour 1999, Verbeek 2005). Hutchins 
shows that a dazzling myriad of social, cultural and material constituents are shaping 
cognitive systems. The empirical findings are based on observations of teams in 
action, such as navigational teams in the navy or pilots in planes. Key is the focus on 
representations of the world, either internal such as symbols or imagery, or external such 
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as maps. Also relevant is the handling of these representations and tools enabling people 
to work with them. Consider nautical charts with centuries of condensed knowledge; a 
compass that represents information about the position in the world; the world and its 
particulars, like light houses; language, full of jargon; communication aids; procedures; 
hierarchical structure; and so on. In short, Hutchins turned cognition literally inside-out 
(Latour 1995). He no longer considers mind corresponding to the world by means of 
internal representational images. He locates cognitive activities in the context of a socio-
cultural and material system, see Figure 4.6. He considers cognition a dynamical system 
of humans, their environments, their culture and their history. He calls it ‘distributed’ 
cognition as it depicts humans as part of a far larger system, including artifacts 
and history. Intelligent systems are a result of individuals that coordinate the many 
representations, both internal and external: “the thinker in this world is a very special 
medium that can provide coordination among many structured media, some internal, 
some external, some embodied in artifacts, some in ideas and some in social relationships” 
(Hutchins 1995: p. 316). Even though Hutchins is criticized severely (Adams & Aizama 
2001; Wilson 2002), his notions slowly permeated the writings of others and few are 
discussed below.

Figure 4.6
A depiction of ‘cognition in the wild’, a perspective 
that considers cognition not situated in the mind of 
individuals but situated in the socio-cultural world. 
Humans interact with the environment, thereby 
using all kinds of representations of the world. Th is 
perspective was developed by empirically studying 
among others navigational teams and pilots (Hutchins 
1995, Hutchins & Klausen 1996).

Object worlds
Bucciarelli (1994) participated and observed engineers while collaborating and found 
how specialists all have distinct ‘object worlds’, a notion that “designates the domain 
of thought, action, and artifact within which participants in engineering design (..) 
move and live when working on any specifi c aspect, instrumental part, subsystem, or 
sub function of the whole” (ibid.: p. 62). Th e problem as he frames it is that interests of 
participants are not reconcilable as no overriding perspective exists. NPD “is best seen as a 
social process of negotiation and consensus, a consensus somewhat awkward expressed in 
the fi nal product” (ibid.: p. 21). Even though Bucciarelli never discusses team cognition 
as such, his writings provide insights in the inherent problematic nature of knowledge 
in NPD. He also emphasizes the signifi cance of representations, for example, sketches, 
spreadsheets, models, fl ow-charts, prototypes and stories. 

Knowing-as-action
Cook and Brown (1999) highlight that practices receives scant attention in literature 
on knowledge management and propose a pragmatist framework. Th ey do not frame 
knowing as something that is used in action, rather knowing is something that is part 
of action (ibid.: p. 387). Knowing only manifests in practice, in doing. Th ey propose an 
epistemology of practice, considering knowledge as subsidiary to knowing: “knowing is to 
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interact with and honor the world using knowledge as a tool.” (p. 389). The distinction 
with the aforementioned ‘communities of practice’ (same author) is that the focus is 
on practice, including interactions with tools, things and objects, rather than on a 
community of people with the same practice. 

A pragmatic view on knowledge
Carlile (1997, 2002, 2004; Carlile & Rebentisch 2003) took an anthropological 
approach in multi-disciplinary NPD teams. He found that knowledge in organizations 
is problematic, and specifically in NPD. Knowledge is structured differently for distinct 
organizational functions, for three reasons. First, knowledge is ‘localized’ around particular 
problems, faced in a given practice (Carlile 2002: p. 445). It demands that individuals 
specialize around classes of problems. Second, knowledge is ‘embedded’: it is difficult to 
articulate as it resides for example in how to do things, or in the tools deployed. Third, 
knowledge is ‘invested in practice’. Team members literally invest into the development 
of this knowledge, whether it concerns technology or methods. Individuals are inclined 
to use that knowledge again and again. As a result, boundaries between practices become 
manifest.

A boundary is defined in this thesis as an imaginary, felt demarcation between 
specialists, departments or functional units. Specialists at both sides of this demarcation 
find it hard to understand each other’s practices. 

Carlile developed a pragmatist model on storage, retrieval and transformation of 
knowledge across organizational boundaries with boundary objects as a key notion. 
Objects are “the collection of artifacts that individuals work with-the numbers, blueprints, 
faxes, parts, tools, and machines that individuals create, measure, or manipulate”(ibid.: p. 
446). He discusses boundary objects as objects that can be observed and reflected on by 
all involved; bridges between specialisms and across interfaces that enable transforming 
knowledge.

 4.2 Cross comparing three perspectives on team cognition
The variety of methods, overlapping constructs and ambiguous terminology show that 
team cognition is a developing topic. Sometimes the perspectives converge, whereas at 
other times the perspectives strongly deviate, refuting other perspectives. Underlying the 
distinctive perspectives are radically different premises on knowing and knowledge, a 
philosophical debate that dates back centuries and still is not settled (for a discussion see 
Lakoff & Johnson 1999). In table 4.2 an overview of the three perspectives is provided, 
distilled from the literature review. The three perspectives discussed here converge on at 
least three important aspects.
•	 Team cognition is easily observable 

Team cognition is considered the binding mechanism of observable team 
coordination: “although not always explicitly articulated as such, inherent in these 
discussions is that the manifestation of team cognition is the seamless execution of 
coordinated behaviors” (Fiore & Salas 2004: p. 236). Even though team cognition is 
an elusive construct, it manifests itself by what can be observed in the world. 

•	 Team cognition is an emergent property 
All perspectives consider team cognition an emergent property of teams. Of course 
team members also share cultural norms, standards, educational background or values. 
However, the focus is on team learning and the emerging know-how. Team cognition 
is always related to the specific context teams are in and past experiences that teams 
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had. Eventually this emergent team cognition leads to coordination of activities 
beyond observable communication. 

•	 Range of constituents 
All perspectives mention similar constituents that moderate team cognition, although 
they value it entirely differently. They mention matters such as organizational 
structure; spatial and temporal ordering of teams; tools, ways and frequency of 
communication; ICT and so on. But whereas Hutchins (1995), for instance, can dwell 
at great length on the hidden and century-old intelligence embedded in a nautical 
card, others merely name objects as a footnote. 

The perspectives deviate on key aspects, showing the distinct origins of the perspectives. 
These distinctions manifest among others in:
•	 The origins of team cognition 

While all perspectives agree that team cognition is an emergent property, they disagree 
on its origins. Information processing perspectives contribute it to communication and 
training. The knowing-in-action perspective contributes it to interactions among team 
members, collectively learning-by-doing while collaborating. And an ecological system 
perspective contributes it to the entire socio-historical system including humans, tools, 
objects, history, language and the environment. 

•	 The need for commonalities among individuals 
The information processing perspective assumes that if team cognition manifests 
itself, all individuals must have commonalities in their thinking structures. If there is 
observable alignment, it is caused by something that team members have in common 
in their minds. The knowing-in-action perspective refutes this position, sometimes 
explicitly (Weick & Roberts 1993). If there is observable alignment in these activities, 
it is caused by individual team members who interrelate their activities with those of 
others. The team members not need to have something in common in their minds. 
Similarly the ecological system perspective considers that assumed similarities are an 
impoverished means to explain team coordination, overlooking the environment we 
live in. If there is observable alignment in activities, it is caused by the system of team 
members and the environment they are part of.

•	 Framing cognition inside or outside the body 
The information processing perspective considers that cognition is always situated 
within the minds of individuals, hence looking for commonalities among individuals.  
The knowing-in-action considers that cognition is to be located in the activities that 
show intelligence, namely, in the style and coherence of behavior while dealing with 
the flux of events. An ecological perspective externalizes cognition, situating it in the 
system of humans and their environment. 

•	 Representations 
All perspectives regard representations of the world pivotal for cognition, however 
discuss distinctive types of representations. Information processing perspectives discuss 
mental representations. Knowing-in-action perspectives also frame representations 
as mental, often implicitly: individual actors have a representation of the system that 
they are part of. The ecological perspective includes representations outside the human 
mind such as maps and models in addition to mental representations. 

•	 Empirical research 
The differences manifest themselves in how empirical research is structured and 
performed. Cognitive psychologists tend to search for commonalities in individual 
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cognition while processing information. Therefore the studies concern conditioned 
experiments, such as with flight simulators (Endsley 1995; Mathieu et al. 2000); or 
structured surveys (e.g., Lim & Klein 2006).  
 
Organizational scientists tend to study interactions among team members, 
departments or organizations. They are not involved in finding commonalities among 
individuals and focus on the coordination and organization of work. The empirical 
foundations are provided by observations of teams (e.g., Kogut & Zanders 1992; 
Weick & Roberts 1993), interviews (Orlikowski 2002) or case studies (Leonard & 
Sensiper 1998, Brown & Duguid 20001; Erden et al. 2008).  
Anthropologists study humans as part of the environment and specific context and 
therefore emphasize objects such as tools that are deployed as well as routines in 
discussing cognition (e.g., Bucciarelli 1994; Hutchins 1995; Orr 1996; Carlile 1997, 
2002). The focus is on participation in teams in their natural situation, including the 
tools they deploy, the jargon they use and so on. Most researchers participated in the 
practice of the teams they studied, while collecting data.

Team cognition as 
information processing 

Team cognition as 
knowing-in-action

Team cognition as 
ecological system

Framework

Key assumption Coordination is a result of 
emerging commonalities in 
thinking structures

Coordination is a result of 
emerging patterns of interrelating 
activities

Coordination is a result of humans 
interacting with socio-cultural 
world

Key metaphor: cognition as... A computer: coding, storing, 
retrieving, combining information

A network: a pattern of humans 
interrelating their activities

A dynamical system of humans in 
the world

Framing Thinking processes and structures Human activities Humans interacting with the 
world

Unit of analysis Individuals Organizations Systems including humans, 
organization, tools, culture, history

Representations Mental, like mental models or 
schemata

Mental, like ‘envisaging the 
system’ 

Mental and tangible, like maps

Learning Learning by training Learning by doing Situated learning in context

Foundations

Key constructs Shared mental models; team 
situational awareness; shared 
understanding

Collective mind; knowing-in-
practice; group tacit knowledge

Distributed cognition; knowing as 
action; boundary objects

Community Social and cognitive psychology Organizational sciences Anthropology

Philosophical roots Post positivism Constructivism and pragmatism Pragmatism, and also 
contemporary theorists as Latour

Research methods Conditioned experiments, surveys Interviews and observations Participatory ethnographic 
research

Table 4.2
An overview of the three perspectives on team cognition. The top half compares the underlying frameworks and 
the lower half the distinctive origins. 
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 4.3 Comparing rival theories with NPD in-the-wild 
Above three perspectives on team cognition are presented on the base of a literature 
review. The question is: what perspective on team cognition best fits the context of NPD? 
In this section, the three perspectives will be compared with some essential insights 
distilled from observing the practice of NPD at Océ. The approach taken (chapter 3.2.2) 
is articulating stepping stones: reflections on particularly insightful events that seem 
to defy or strengthen one of the perspectives. The stepping stones together provide the 
ground to adopt a perspective.

Each stepping stone started with a personal surprise while conducting and analyzing 
observations. Something is observed that does not seem to fit in one of the perspectives 
as described, or alternatively, underscores one of the perspectives. Subsequently data are 
cross examined to see if this insight could be grounded in the data as gathered, uncovering 
similar events. In time, three stepping stones are identified. These are not idiosyncratic 
observations: they concern examples for a range of similar observations. Comparing the 
distinct perspectives and the stepping stones enables me to choose a perspective.

 4.3.1  Stepping stone 1: the pivotal contribution of observable 
representations
While doing observations, I was surprised by the pivotal contribution of observable 
representations of the product for aligning team activities. Textual information is an 
important tool for aligning activities. However, the insight derived is that observable 
representations are important as well. 

For example, three interviewed project leaders mentioned the contribution of 
representations to align activities (Appendix 1). ‘Designerly’ representations were 
mentioned explicitly for validating product ideas with main stakeholders in the 
conceptualization phases of an NPD project, above all tangible representations. A project 
leader called it a ‘check of mindset’ with other stakeholders. By using ‘wooden models’ 
or ‘presentations of user interfaces’ he checked whether all agreed on the direction to 
be followed, facilitating discussions, which are otherwise difficult to conduct when 
lacking a common representation. One project leader was truly surprised and ironically 
commented:

“We had all these discussions with the Business Unit, resulting in a project description 
of – if I remember it well – at least 60 pages. All specs, all market information, neatly 
categorized in excel sheets....all requirements, everything was important, nothing could 
be skipped. The problem was that nobody had a clue what we had to make, what 
the story was (..) Then the designer made some nice looking renderings on a Monday 
afternoon, based on several architectures we had in mind and ... “bang!”... finally, 
finally! We had the discussion on what on earth we had to make.” (Project leader 3)

The point he made is that textual information needs to be interpreted collectively. Project 
definitions in Océ are based on documenting what is required and are a result of many 
negotiations. In the ’60 pages’ the project leader mentioned, too much information with 
contradicting consequences was assembled without any guiding principles on how this 
information needed to be interpreted. The contradicting consequences were nowhere to 
be seen and trade-offs consequently could not be discussed collectively. It resulted into a 
deadlock.

A designer working on the NPD project translated several architectures into design 
proposals that were rendered, producing photorealistic images. Thus, the ‘renderings made 
on a Monday afternoon’ were interpretations of possible product architectures, effectively 



97

visualizing what the product might be. The renderings did not depict the best possible 
architecture nor the best possible product. Rather the renderings enabled a dialogue 
to determine what was considered ‘best’ by the team, i.e., how to interpret the project 
definition. In Figure 4.7 two of these architectures are shown.

However, while visualization certainly helps to coordinate team activities, it can also be 
interpreted erroneously, as one project leader lamented:

“This artist impression that you made gave half the Business Unit a wrong impression 
about what they could expect. I suspect that some of them framed it in and stuck it on 
the wall above their beds.....” (Project leader 2).

This shows that representations can also introduce tunnel vision, in line with recent 
findings that metaphors deployed in language have profound influences on how we 
conceptualize problems and act (Thibodeau & Boroditsky 2011).

This stepping stone recalls the ‘team cognition as ecological system’ perspective that 
gives considerable attention to representations, which is seldom discussed in the other 
perspectives.

Océ VarioPrint 2090
Introduced in 2002

Océ VarioPrint 4000 
Introduced in 2009  

Figure 4.7
The NPD project as described in stepping stones 1 and 3. The product on the left was a successful product for 
specific markets such as small repro shops, schools and so on. The NPD project assignment was to enhance the 
product’s productivity and enter a higher volume market segment. The NPD team experienced a deadlock, as 
many contradictory requirements provided no guidance on what to do. Renderings made by a designer broke 
the deadlock, as these depicted alternative product architectures in a language understood by all, facilitating 
dialogue. The resulting product is introduced in 2009.

 4.3.2 Stepping stone 2: explications in hindsight 
Another insight distilled from the observations is that often only in hindsight team 
members are able to label and explain why specific choices were made by the team. It 
opposes the premise that team members need to coordinate their activities before starting 
the activities. Knowing’ in NPD is in the team activities deployed, rather than beforehand. 
Some team activities can only be explained retrospectively. An example of knowing-in-
action is provided in a reflection of an senior manager in an interview with a graduate 
student (Appx.1). He discussed his experiences in creating a technology roadmap using a 
specific method for the first time:

“In my mind the process was clear but it was pretty difficult to explain briefly how the 
process worked. He [the designer] was able to visualize it into one image and when 
I saw it I immediately used it for the presentation to the shareholders meeting.’ (Vice 
President Engineering)

I was the designer he was mentioning and I could reconstruct the course of events. 
The method did not accommodate well the context of Océ, and needed to be adapted. 
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I was part of the team with the assignments to develop a technology roadmap and to 
adapt the method. Much time in the team was spent in understanding and transforming 
the methodology to the context of Océ. Of interest is that I did visualize the method into 
one image, but only when the roadmap was nearly finalized. The method could not be 
visualized until the team made a roadmap themselves. Reading the interview, 
I was surprised: was I visualizing what was on the mind of the manager already? Did 
he knew it a priori, however, could not explain it? Or was the ‘an image’ an artifact of 
an intense team process and explained a posteriori what the team had been doing with 
compelling vigor and clarity to the manager? 

In hindsight, the visualization undeniably was an emerging result of a team process. 
Many activities the team performed were explorative, and some succeeded and some 
failed. The ‘one image’ I made condensed the successful activities into a meaningful 
sequence. It was a map of the activities that could only be constructed retrospectively, 
articulating the accumulated team learning for future roadmaps. Once the image was 
made, it made sense to all involved. Point is: rather than guiding the team activities,  
the map is an explanation of what the team did.

Thus, team knowing is often embedded in the activities and can only be articulated 
retrospectively. This insight echoes the basis the ‘team cognition as knowing-in-action’ 
perspective. Team cognition is not about possessing knowledge a priori, guiding team 
activities. Rather it concerns guiding team activities while being in action and surfaces 
in the observable alignment, coordination and coherence among activities. 

 4.3.3 Stepping stone 3: the lack of explicit communication 
The third insight concerns the phenomenon that team members effectively align and 
coordinate activities into a unified whole, yet not much textual documents or explicit 
communication can be found that concerns the actual alignment and coordination. 
For example, let’s return to Stepping stone 1 that presented how ‘renderings made on 
a Monday morning’ broke the deadlock in the infancy of an NPD project. The product 
had to be developed and engineered in a very limited timeframe by Océ standards. The 
product was launched on time, showing good coordination and alignment of activities. 

What puzzled me was that most team members were fully unaware of the outcome 
of the dead lock. How did the non-involved team members ‘know’ what to do? Hardly 
observable communication is observed. Only a few team members were involved in 
the meetings that addressed the question ‘what is the product about?’ It resulted in few 
changes in the project definition. There were no other documents that explained the 
derived insights. Many initial team members were replaced in the course of the project. 
Most team members were added to the team at a later time, and were not explicitly 
briefed or trained about ‘what is the product about’. Numerous machine components  
and modules were outsourced to sub-teams at other sites and/or organizations. In short, 
the team was fluid, with unstable membership that posed challenging conditions (Bushe 
& Chu 2011). 

Without knowing ‘what is the product about’, it arguably is difficult to align activities 
among individuals into an integrated, coherent and unified whole: a product (Clark & 
Fujimoto 1991). Yet, hardly observable communication was observed and no textual 
documents are found that concern ‘what is the product about’. Still, the team showed 
good team performance.
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It is difficult to attribute the observed coordination to ‘shared understanding’, ‘shared 
mental models’ or other constructs that focus on commonalities in the minds of 
individuals, at least as a result of explicitly sharing these mental models. An explanation 
for this phenomenon that upholds the premise of commonalities in the minds of team 
members, is provided by shared organizational culture (Stompff 2008). As team members 
are part of the Océ organization and many of them have a common working history, they 
are sufficiently informed what an ‘Océ product’ is. However, distributed teams composed 
of sub-teams of distinctive organizations rejects this explanation. Team members in the 
sub-teams have no shared culture and no common working history. Although working 
in these distributed teams is difficult (see chapter 1.1), the sub-teams still can align and 
coordinate activities. Apparently this alignment and coordination of activities into a 
unified product is a result of other mechanisms at work. 

 4.3.4  Discussion: stepping stones and the perspectives on team 
cognition
Below the three stepping stones just discussed are compared with the three perspectives 
identified on team cognition. For an overview of all perspectives and stepping stones, see 
table 4.3 below the discussion. 

Team cognition as information processing
This perspective is arguably inappropriate for understanding team cognition in 

NPD. This perspective revolves around a priori commonalities in cognitive structures of 
individuals to explain coordination in their activities. However, stepping stone 2 shows 
that it is often only in hindsight that teams can articulate what they know: they have to 
act first. When activities are finalized, team members can rationalize what they did and 
why. 

Stepping stone 3 discusses a heterogeneous and fluid team. There are measures known 
to enhance shared mental models in heterogeneous and fluid teams (Bushe & Chu 2011: 
pp. 184 -186). However, these measures are not observed: no coaching on the job, no 
training, no reduction of interdependencies of tasks. Still the team performed well.  
All stepping stones seem to oppose the assumption that to coordinate and align activities 
something in common must be held in the mind of all team members. 

Interestingly, even in cognitive psychology it is acknowledged that commonalities are 
too limited to explain the cognitive abilities of teams (Cooke et al. 2009). These authors 
identified four limitations on the application of team cognition as information processing:
•	 heterogeneous teams
•	 large teams
•	 self-organizing teams
•	 teams dealing with dynamical conditions. 
The NPD teams of Océ, and arguably most NPD teams, include several of these 
limitations, if not all! Cooke et al. show that if these limitations are operating, assumed 
commonalities are hard to measure. Even worse, the empirical results are null, poor or 
contradictory. Cooke et al. argue that when the limitations are operating, searching for 
commonalities among individuals is fruitless and cannot explain coordination. They 
propose to direct the empirical lens on interactions and the environment: an ecological 
perspective. 
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Team cognition as knowing-in-action
This perspective better accommodates the characteristics of NPD as depicted in the 
stepping stones. It hinges on interactions among team members and entrenched 
patterns between the activities of team members arise. It explains why coordination and 
alignment in activities emerges as a result of collaboration without the need to look for 
commonalities ‘in the minds of individuals’. The phenomenon that in teams, actions 
precede what is known explicitly, is well described and reflected on (Weick and associates 
1984, 1993, 1995, 2005, 2007 2nd ed.; Orlikowski 2002). Thereby ‘collective mind’ or 
‘knowing-in-practice’ is conceptualized as action that precedes mental processes, rather 
than the other way round. 
Although observable action is pivotal in this perspective, the empirical lens is on humans, 
their acts and the communication. It overlooks objects and the environment. Hence, 
stepping stone 1, the contribution of common representations, is poorly accommodated 
in this perspective. 

Team cognition as ecological system
This perspective frames the dynamical interplay of humans and the environment. It 
explains the pivotal contribution of tangible representations as described in stepping stone 
1. This perspective also downplays the contribution of communication in explaining 
alignment and coordination of activities but does not reject it. It situates team cognition 
firmly in the tangible world of which teams are part. The perspective focuses on 
historically instituted aspects such as culture, history, education, objects and the like. 

This anthropological perspective deals somewhat less with dynamical situations as a 
result of unexpected events. The focus is on historically constituted relations and less on 
emerging relations. Yet NPD is dynamical by its nature. Also, the publications that used 
a anthropological perspective, highlight the diverse practices that can be found in NPD, 
with a distinct culture, language, objects, tools and so on. Hence, the publications have 
a tendency to underscore conflicts rather than collaboration; and boundaries rather than 
collectives. Consider, for example, the troublesome ‘thought worlds’ (Dougherty 1992); 
the incompatible ‘object worlds’ (Bucciarelli 1994, 2002) or the troublesome ‘knowledge 
boundaries’ inside teams (Carlile 1997, 2002, 2004, Carlile & Rebentisch 2003; Levina 
& Vaast 2005; Swan et al. 2007). The perspective explains the situated cognition of NPD 
teams, however not well accommodates the dynamical nature of NPD, including teams 
with unstable membership, many unexpected events and learning by doing. 
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Team cognition as: Information 

processing

Knowing-

in-action

Ecological 

system

Stepping stone 1: representations

o o +

Real world representations are pivotal for aligning 
activities. Language sometimes showed to be an 
impoverished means for NPD

Stepping stone 2: explications  in hindsight 

- + o
What team members and teams know often only 
can be articulated in hindsight. Acting shapes 
knowledge; rather than the other way round

Stepping stone 3: no explicit communication 

- o +
With hardly any explicit communication on ‘what 
is the product about’, team members in a fluid team 
are capable to align activities well 

Table 4.3
A comparison of the stepping stones and the identified perspectives on team cognition. A ‘-’ implies that the 
perspective poorly accommodates the phenomenon or even refutes it. A ‘+’ implies that the perspective can 
explain well the phenomenon at hand. An ‘o’ implies that the perspective does not necessarily contradict the 
phenomenon but does not address nor explain it.

 4.4 Concluding: a dynamical perspective is needed
Choosing a perspective is not a neutral choice. It shapes subsequent activities for this 
inquiry. For a Deweyan inquiry, theory is instrumental to practice: the theory that best 
explains the practice as observed will guide progressive steps. The core idea developed is 
that cognition is the binding mechanism of intelligent and coordinated actions and behavior. 
In line with individual cognition, team cognition is the binding mechanism of aligned and 
coordinated actions of team members. It manifests in the seamless execution of coordinated 
activities (Weick & Roberts 1993; Fiore & Salas 2004). If a team is proficient, it has 
considerable know-how, it knows how to deal with situations encountered swiftly and it 
does so without much observable communication among team members. 

This chapter showed that for team cognition the emphasis needs to be shifted from 
explicit knowledge that precedes and guides activities, to knowledge that adheres in 
activities. Knowing is part of the activities, or as Schön argued: “knowing is in our 
actions” (Schön 1983: p. 49 italics in original). For team cognition, knowing is in the 
coordination of activities. Team cognition becomes manifest in the care and apparent 
aim in team coordination. There is no need to ‘look inside the head’ of individuals for 
studying team cognition, rather the empirical lens needs to be on observable coordination 
and alignment of activities 

Three perspectives on team cognition are compared to observations of the practice 
of NPD at Océ. One perspective, ‘team cognition as an information process’ is 
not supported by the observations. The remaining perspectives seem to address the 
characteristics of team cognition quite well and do not mutually exclude each other. 
However, these two do not entirely accommodate the observations either:
•	 Team cognition as knowing-in-action 

This perspective is rooted in organizational sciences. It provides clear explanations 
for the phenomenon that in action, team members know what to do and only in 
hindsight can articulate this acquired knowledge. It explains why team cognition is 



102

an emergent property and why teams can dynamically deal with unexpected events. 
However, this perspective focuses on people and communication among them. It 
seems to overlook the environment people are part of. 

•	 Team cognition as an ecological system 
This perspective considers the system of people and the social/historical environment. 
It radically positions team cognition between people and the environment. However, 
its anthropological origins surface in the emphasis on history and culture and do not 
explain how teams can deal dynamically with unexpected events, which is the daily 
reality of NPD.

Each of the two perspective explains only parts of the observations as articulated. 
Fortunately, although these perspectives resulted into distinctive bodies of literature, they 
have the same philosophical foundations. Some scholars describe their pragmatist roots. 
Many discuss the work of Polanyi on knowing and knowledge and the work of Ryle 
on cognition. Several refer to more contemporary philosophers such as Latour’s actor-
network theory and Bourdieu’s ‘habitus’. However, the vocabulary used varies widely 
and both perspectives lack comprehensive, elegant and visual models that are easily 
understood and comparable. 

To progress I need to develop a theoretical framework that includes the main 
constructs of these two perspectives on teamcognition. And it needs to accommodate the 
dynamical context of NPD, for which dealing with unexpected events is daily routine. 
Therefore I will adopt a pragmatist perspective on team cognition, also because the few 
studies on team cognition in NPD also have pragmatist’s origins (Brown & Duguid 2001; 
Cook & Brown 1999; Carlile 2002; Orlikowski 2002). 
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Chapter Team cognition: theory

Developing a theoretical framework  

In this chapter a theoretical framework for team cognition and a concise 

vocabulary are developed. The framework envisions team cognition as 

a system of team members interacting with each other and with the 

environment. The constituents of team cognition are presented, and also 

four team cognitive processes. The framework highlights the dynamical 

character of learning-by-doing while responding to the flux of events. It 

guides ensuing empirical studies. 

 

5
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The conclusion of the previous chapter is that a theoretical framework for team 
cognition is needed that well accommodates the dynamical context of NPD (at 

Océ). It has to synthesize features of the ‘team cognition as knowing-in-action’ perspective 
and the ‘team cognition as ecological perspective’. Th e fi rst puts observable activities 
up front, and the latter emphasizes the system of the team and its environment. In this 
chapter a pragmatist framework and vocabulary on team cognition will be developed. 
Th e framework needs to address several questions before proceeding to the next step of 
inquiry:
•	 What is a concise vocabulary for aspects of team cognition?
•	 What data sources need to be included in the following empirical step of the Deweyan 

inquiry, i.e., what are the constituents of team cognition? 

As nearly all publications on team cognition or similar constructs are tied to models of 
individual cognition (see Table 4.1 in the previous chapter), I will also make extensive use 
of pragmatist notions of individual cognition (e.g., Mead 1934; Dewey 1934, 1938). I am 
aware of the inherent risk of extending what is known on individual cognition to the level 
of teams. However, as I will show, Weick’s theories on organizational sensemaking provide 
a foothold.

It may seem odd to deploy ‘decades-old’ theories but more contemporary publications 
on cognition make the same leap back in time. On individual cognition, consider the 
publications on embodied cognition for example (Lakoff  & Johnson 1999, 2002; Johnson 
& Rohrer 2007; Johnson 2010) or on language (Winograd & Flores 1986; Lakoff  & 
Johnson 2nd ed. 2002). For cognitive sciences the leap was also made recently for team 
cognition (Cooke et al. 2009) even including theories of James (1890!).

In this chapter discussion  on individual cognition and on team cognition will alternate 
continuously, see Figure 5.1. First the constituents of team cognition are discussed in  
chapter 5.1, the factors that underlie it. In chapter 5.2 the distinction between ‘mind’ 
and ‘consciousness’ is explained and extended to the team level: ‘team mind’ and ‘team 
consciousness’. I am aware it is a bold vocabulary, as nothing embodies this ‘mind’ and 
‘consciousness’. However, foreshadowing the remainder of this thesis, it is a perfect 
metaphor for explaining the observations. In chapter 5.3 the tacit and explicit dimension 
of knowledge are discussed, followed by cognitive processes in chapter 5.4. In chapter 5.5 
all that is discussed is synthesized into a theoretical framework. 

Individual level 

Team level 

Individual level 

Team level 

Individual level 

Team level 

Individual level 

Team level 

Mind &
Consciousness (5.2)

Tacit & explicit dimen-
sion of knowledge (5.3)

The constituents of
cognition (5.1)

Relevant cognitive
processes (5.4)

Team cognition as a
dynamical system (5.5)

  

Figure 5.1 
An overview of chapter 5. 
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 5.1 The constituents of cognition

 5.1.1 Constituents of individual cognition
A pragmatist premise is that any experience is rooted in the interactions between humans 
and their environment, and therefore on both internal mental processes and on the 
external events (Dewey 1934, p.257). To reuse an example from chapter 2: when a ball 
suddenly bounces on the road in front of us while we are driving a car, we are alarmed and 
start thinking about the situation we are in as a result of the ball. As such, cognition is not 
merely a process ‘within’ a person, as it is situated in the context a person is in. Also, the 
pragmatic view on individual cognition is inextricably situated in our bodily experiences 
with the environment (Dewey 1934; Holder 1995; Cook & Brown 1999; Lakoff & 
Johnson 1999; Johnson & Rohrer 2007; Melles 2008b). Dewey briefly summed up what 
constitutes experience and therefore also individual cognition: 

“Experience is a matter of the interaction of organism with its environment, an 
environment that is human as well as physical, that includes the materials of tradition 
and institutions, as well as local surroundings. The organism brings with it through 
its own structure, native and acquired, forces that play a part in the interaction. The 
self acts as well as undergoes, and its undergoings are not impressions stamped upon an 
inert wax but depend upon the way the organism reacts and responds.” (Dewey 1934: 
pp.256-257).

 
A convenient way to explain these constituents is provided by the ‘existential matrix of 
inquiry’ (Dewey 1938), see Table 5.1 below. The matrix categorizes constituents on the 
basis of humans interacting with their environment. Each cell will be discussed below.

Man Environment

Physical Native structures Physical surroundings

Our senses Natural environment

Cognitive capabilities Artificial, man-made environment

Bodily dimensions Tools mediating our perception

Bodily affordances (e.g. the hand) Tools mediating our skills

Cultural Acquired structures Cultural surroundings

Language Roles

Skills such as writing, cycling Organizations

Know-how of using objects Cultural norms and conventions

Abstract reasoning Other man

Table 5.1
A categorization of the constituents of cognition as discussed by Dewey (1938). The horizontal dimension 
indicates whether the constituent is part of man or part of the environment. The vertical dimension indicates 
whether something is physical, i.e., natural, biological, artificial, tangible; or whether something is cultural. 

Native structures
The human condition strongly mediates cognition, in three ways. Native structures 
includes (1) our senses and our bodily dimensions: our image of the world is directly 
and thoroughly mediated by our specific point of perspective on the world (Dewey 
1938; Lakoff & Jonson 1999; Johnson & Rohrer 2007; Van Rompay 2008). When a 
ball bounces on the road in front of us our low perspective does not enable a helicopter 
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view that would provide better information. This category also includes (2) limitations of 
our brain that do not enable us to oversee many problems at the same time; the human 
‘bounded rationality’ (Simon 3rd ed. 1996). Some observers also highlight (3) the specific 
abilities of the human body and above all the hand as a constituent to cognition as it 
enables writing, sketching and using tools (Collopy 2004; Sennet 2008).

Acquired structures
We see the world by means of previous learning and experiences condensed into skills 
such as writing, drawing and driving. Without the slowly acquired skill of reading, 
one cannot read this thesis. A particularly significant acquired structure is language. It 
fundamentally shapes our thinking (Lakoff & Johnson 2002 2nd ed.). It is considered by 
some as an agency for thinking and for constructing one’s identity (see e.g., Mead 1934). 
Acquired structures also refer to past experiences with objects. By interacting with a thing 
we learn what functionalities it has for us, what it means and how to use it (Gibson 1979; 
Krippendorf 1989, 2006, 2008). 

The physical surroundings 
The environment we face at any given moment shapes what we perceive and what we 
confront. If we navigate through traffic we are guided by traffic signs, by obstacles, 
by other cars and so on. No-one will deny this but its subtleness makes it easily 
overlooked. Everyone will acknowledge that speed bumps change our behavior and thus 
our cognition. However, less obvious is that removing road signs at a traffic junction 
reduces accidents (Tromp et al. 2011: pp.10-11). Human behavior is influenced by the 
environment people find themselves (Verbeek 2005; Tromp et al. 2011). The environment 
shapes what we eat, the things we buy, the behavior we show, even the social relations we 
engage in (Thaler & Sunstein 2008). 

Tools are a specific category within this cell of the matrix, most of all because tools are 
an interface between humans and the world, extending our capabilities enormously. They 
shape cognition in two ways. First, in what is called a ‘hermeneutic’ perspective (Verbeek 
2005: p.111) tools can amplify or reduce our perception. Binoculars, for example, extend 
our capabilities to see. They enable us to both reveal as well as conceal things, also in 
the practice of designing (Coyne et al. 2000). Second, in what is called an ‘existential’ 
perspective (Verbeek 2005: p.111), tools expand and/or inhibit what humans do and 
thus also co-shape our cognition. Frank Gehry explained that by embracing specific CAD 
software for aerospace he developed his specific architectural language (Gehry 2004: p.27). 

Polanyi (1966) called our relation with tools ‘indwelling’, expressing the phenomenon 
that a tool extends our cognitive capabilities significantly yet we are no longer aware of 
the tool itself. A car is a tool yet while driving we are no longer aware of the car itself. It 
echoes Heidegger’s ready-to-hand of objects (Verbeek 2005: p.124).

The cultural surroundings 
The environment in which we live is not merely physical: it is also cultural (Dewey 1938: 
p.48; Hutchins 1995). This category includes social aspects such as organizations and 
roles as well as cultural norms, standards, social conventions and so. People act on the 
basis of meaning they attribute to an object, which is anything that can be indicated, 
pointed to or referred to (Blumer 1969, p.10), ranging from ‘cars’ to ‘capitalism’. Meaning 
is constructed through interactions with others. It ‘grows out of the ways in which other 
persons act toward the person with regard to the thing’ (ibid.: pp.2-3). Thus, others and 
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what others do also shapes individual cognition. Eventually common meanings arise as 
people work and live together (ibid.: p.11). The meaning system in which people find 
themselves decisively mediates cognition. 

 5.1.2 Constituents of team cognition
Not surprisingly, several constituents are also found in Hutchins’ long list of constituents 
(1995) when discussing distributed cognition in teams. In his book he discusses 
navigation and the computational and cognitive properties of systems that are larger than 
an individual. The system includes landmarks, maps, communication aids, language, a 
compass and so on. These all can be mapped onto Table 5.1. 

Of interest is that Hutchins discusses representations and the manipulation of 
representations. For example, he discusses maps as representations of the world that enable 
to navigate a ship. The map facilitates to calculate and predict what will occur. Thereby 
ongoing the relation needs to be established between the representations and the tangible 
world. For Hutchins cognition is manipulating representations in order to dynamically 
deal with the flux of events. Inherently, cognition is distributed, as representations are 
both internal and external. For teams, the external representations are observable for all, 
and are pivotal for coordination. 

 5.2 Mind and consciousness
 

 5.2.1 Individual mind and consciousness
Individual cognition is the binding mechanism that explains coordination in individual 
action and behavior, dynamically responding to the flux of events. This concerns is not 
only conscious thinking. As Dewey asserted, it is a process that only emerges as a result of 
interacting with the world. Therefore cognition is naturalistic. It is rooted in experiences. 
It is called the principle of continuity (Dewey 1938; Johnson & Rohrer 2007): there 
is no discontinuity, no rupture between the flux of events, bodily sensations, feelings, 
emotions and thinking. Thinking emerges as a result of experiences, including perceiving 
and interpreting the flux of events; acting and undergoing the consequences of these acts 
(Dewey 1938: p.26). More recently, it is also called ‘embodied ‘ cognition to highlight the 
bodily dimension (Lakoff & Johnson 1999, Johnson & Rohrer 2007; Van Rompay 2008; 
Johnson 2010). 

To explain his ideas on cognition, Dewey conceptualized mental processes by means of an 
observing ‘mind’ in the background and a ‘consciousness’ on the foreground which is focused 
on specific matters that need our attention (see also Holder 1995: p.181). These have 
distinctive characteristics:

“Mind is more than consciousness, because it is the abiding even though changing 
background of which consciousness is the foreground. Mind changes slowly through the 
joint tuition on interest and circumstance. Consciousness is always in rapid change, for 
it marks the place where the formed disposition and immediate situation touch and 
interact. It is the continuous readjustment of self and the world in experience” (Dewey 
1934: p.277).

We constantly observe our environment and what things we observe are relatively stable. 
We drive a car and mind the flux of events. This enables us to drive. Simultaneously 
our conscious thinking can be concerned with something completely different. It is 
continuously changing as things require our attention. A ball bouncing on the road 
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immediately draws our attention to the situation we are in. It also stops previous 
conscious thinking as the unfolding event potentially endangers our being in the world. 
The event of the ball is noted by ‘mind’ in the background and is put forward to our 
‘consciousness’. We start consciously exploring the environment for all possible cues 
that provide information and we consider the various possibilities, thereby using our 
imagination. We stop thinking about it once we have attained a warranted belief that we 
understand the situation and are in control of it. In short, ‘mind’ perceives the flux of 
events we are part of and discriminates events of relevance for our ‘consciousness’, which 
then deals with the event.

Interestingly this process can also work the other way around. When we face problems 
we do not immediately solve, our consciousness will lose its focus because other matters 
require our attention. The problems are not forgotten if they are of serious concern to 
our being in the world and our ‘mind’ will identify and draw our attention to things in 
the environment of relevance for the specific problem. Suddenly we ‘see’ something that 
hints at solving the problem we were not consciously attending to. We sense that this 
thing ‘means’ something for us but we need our conscious thinking to understand why. In 
Dewey’s vocabulary this is called ‘intuition’: 

“’Intuition’ is that meeting of the old and the new in which the readjustment involved 
in every form of consciousness is effected suddenly by means of a quick and unexpected 
harmony which in its bright abruptness I like a flash of revelation; although in fact it is 
prepared by a long and slow incubation” (Dewey 1934: p.277). 

 5.2.2 Team mind and team consciousness
The core idea on team cognition is that it is the binding mechanism to explain alignment 
and coordination in the acts of team members, responding to the flux of events. The 
alignment and coordination of teams has both an explicit and an implicit component 
(Espinosa et al. 2004, Erden et al. 2008), which echoes the aforementioned distinction of 
mind in the background and consciousness in the foreground. 

The explicit component, that aptly can be called team consciousness, includes 
communication among team members as well as schedules, plans, procedures and 
standards. Yet teams also coordinate implicitly, namely, without consciously trying to 
coordinate (Espinosa et al. 2004: p.107).  An individual can cycle because he minds the flux 
of events. Likewise, teams can fulfill their activities collectively because team members mind 
the flux of events. There is no need to discuss all activities and coordinate these explicitly. 
This team mind is what was named the collective mind by Weick & Roberts (1993), 
explaining that team members, without much observable communication, act dynamically 
and with heed in the many situations they encounter, including unexpected ones. 

Acting with heed is acting ‘carefully, critically, consistently, purposefully, attentively, 
studiously, vigilantly, conscientiously, pertinaciously’ (Ryle 1949: p.145; Weick & 
Roberts 1993: p.361). 

The implicit alignment and coordination of activities is enabled for individual team 
members by two mechanisms:
•	 By interrelating their activities with those of others while collaborating with others 

Individual team members experience the effects of their own acts and those of others, 
and will make meaningful relations. Experiencing the effects of their own acts not only 
concerns the consequences of their choices for themselves. They also observe and learn 
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what the consequences are of their acts for others. Likewise, they experience the effects 
of activities of others. As a result, individuals start acting taking into account others 
(Weick & Roberts 1993; see for comparable arguments Mead 1934; Weber 1968; 
Blumer 1969).

•	 By envisioning the system they are part of 
Individual team members envision how their activities are connected to those of others 
and subordinate their activities within this envisioned system. Any team member 
envisions the system he is part of, however this should not be conceptualized as a 
common envisioning shared by all. Portions may be known to all, but all is known to 
no one (Weick & Roberts 1993: p.267). This envisioning is a result of interactions and 
seeing what others do. 

The emerging higher order pattern of team members interrelating their activities is the 
substance of team mind. It connects the micro level of interacting team members with 
the macro level of teams. People interrelate their activities with those of others and that 
enables teams to deal dynamically, carefully, willfully and purposefully with unexpected 
situations. The interrelating patterns persist even when people are replaced, echoing the 
notion of social reality (Luckmann & Berger 1966). The pattern of interrelations is both a 
result of prior activities, and guides subsequent activities. By means of their activities and 
interpreting the effects of the activities team members learn what the relations are. On the 
base of this learning they start acting with heed for the aims of others. The patterns co-
emerge with the activities. 

 5.3 The tacit and explicit dimension  of knowledge
In a Cartesian tradition, knowledge is something that can be articulated, verbalized, 
coded, written down and transferred. The Cartesian view is deeply ingrained in Western 
culture and science.

 5.3.1 The tacit and explicit dimension of knowledge: individuals
Pragmatism is centrally concerned with doing, and considers that knowledge cannot be 
isolated from action (Dewey 1938; Schön 1983; Cook & Brown 1999; Brown & Duguid 
2001; Carlile 2002; Orlikowski 2002; Carlile & Rebentisch 2003). This is best captured 
in a dictum of Dewey: “Knowing is literally something which we do” (Dewey ct. in Cook 
and Brown 1999: p.387). 

For pragmatism, knowledge is considered a limited and theoretical notion as it does 
not manifest apart from practice: it emerges from actions. Pragmatists preferred the 
phrase ‘knowing-in-action’ instead (Schön 1983; Cook & Brown 1999). It expresses 
that knowing enables us to cope with the dynamic equilibrium we are part of. It is 
the accumulated learning of our past experiences, of our interactions with the world 
and others. It is inextricably situated in our experiences, it is produced in and through 
experiences (Melles 2008b: p.4): we do not know how to drive a car, unless we practiced 
driving a car. And even then, we only know how to do it in action: while driving. Explicit 
‘knowledge’ is considered a tool to guide our intentional action, to control and predict the 
effect of our doings in the real world.

However, ‘knowing-in-action’ is also elusive and slippery. Polanyi (1966) discussed 
knowing-in-action somewhat more conveniently, calling it the two dimensions of 
knowledge. In addition to the explicit dimension, knowledge can be articulated, there is 
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also a tacit dimension. His famous dictum, “We can know more than we can tell” (Polanyi 
1966: p.4) points to the phenomenon that much that comprises human skills remains 
unarticulated and even unknown to the person who has that skill, such as cycling. Ryle 
(1949) made a similar distinction between ‘knowing that’, which is rather limited and 
refers to explicit knowledge and ‘knowing how’, which refers to knowing how to do things. 

Polanyi asserted that it is a pitfall to discern and discuss either explicit or tacit 
knowledge; both explicit and tacit dimensions of knowledge are operating simultaneously. 
The explicit and tacit dimensions of knowledge are in anything that we do. To cycle 
though dense traffic we need both the skill to cycle and the capabilities to judge the 
situation we are in, anticipate what others likely will do and so forth. The tacit dimension 
of knowledge has some characteristics:
•	 It can only be learned by doing  

Cycling is a skill that is somewhat difficult to learn and only by means of trial and 
error. Explaining the laws of nature that govern cycling will not reduce the learning 
time: ‘we learn how by practice’ (Ryle 1949: p.41, italics in original).

•	 It emerges from bodily experiences 
Someone who learns to cycle ‘feels’ how specific reactions lead to success. Mastering 
the skill of cycling hinges around the discovery that to prevent falling one has to 
steer into the direction of falling. However, even when this is learned it is beyond our 
consciousness. The bodily dimension of knowledge is continually emphasized by Polanyi 
(1966) yet remarkably is overlooked by others (Nonaka 1991; Tsoukas 2003: p.413). 

•	 We attend to things and events by means of particulars 
As Polanyi argued (1966: pp.9-17), we rely on our awareness of particulars to attend 
to something of interest. While cycling we are mindful of particulars, such as how the 
bike reacts to the road or the sound of traffic around us. Therefore we can attend to 
the traffic. Yet we are fully unconscious of what particulars are relevant. 

•	 The tacit dimension of knowledge cannot be accessed until we are practicing it 
Practical skills are only available to us when doing things (Cook and Brown 1999).  
We do not know how to cycle unless we are on a bike cycling. 

While it is undisputed that Polanyi’s ‘The Tacit Dimension’ (1966) is the locus classicus 
for anyone discussing knowledge, it was Nonaka and Takeuchi (1995) who made ‘tacit 
knowledge’ popular (note: not the tacit dimension of knowledge!). Their argument is 
that tacit knowledge can not only be acquired by doing but also by socialization and 
externalization (Nonaka & associates 1995, 2000, 2001, 2003). It is transferred from 
one person to another through a long process of apprenticeship. However, this has a 
disadvantage as tacit knowledge remains tacit (Nonaka & Takeuchi 1995). Therefore these 
scholars argue that tacit knowledge that resides in individuals should be ‘externalized’ into 
explicit knowledge. In that case it can be shared with other people.
Nonaka’s work is well known but the process of ‘externalization’ is also disputed as 
Nonaka seems to make a ‘categorical’ error by framing tacit knowledge into a Cartesian 
perspective (Cook & Brown 1999, Carlile 2002, Tsoukas 2003). Polanyi was not 
proposing two types of knowledge but two dimensions of knowledge. The tacit dimension 
of knowledge can never be articulated, hence the ‘externalization’ as proposed is 
erroneous. Two comments balance the opposing perspectives. 

First, there is always ‘implicit’ knowledge that individuals do not articulate and 
externalize, however can be explicated if required (Smulders et al. 2008). Nobody will 
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attempt to cycle on a beach. We know that it is nearly impossible. Yet it is so obvious that 
it is never mentioned. 

Second, even though the tacit dimension of knowledge can never be articulated, 
understanding its nature and how it is acquired ramps up learning processes. Cycling can 
only be learned through practice, however the learning time can be reduced considerably 
when a someone does not hold onto the bike of the child learning to cycle. Without 
sensing how steering mediates balance, learning to cycle is impossible. 

 5.3.2 The tacit and explicit dimension of knowledge in teams
The explicit dimension of knowledge in teams is the aggregate of individual explicit 
knowledge and the knowledge that resides in written documents, standards, procedures 
and so on. This knowledge can be articulated if required. The tacit dimension of 
knowledge in teams is the team know-how, namely, how to do things in practice. It is 
not merely individuals who know how to do things but cannot articulate it. Groups, 
teams and organizations also have a tacit dimension of knowledge inextricably rooted 
in practice. As with individuals, some characteristics apply to the tacit dimension of 
knowledge for teams:
•	 The tacit dimension of knowledge develops out of slow learning-by-doing. It adheres 

to practice and can only be developed by means of practicing. It “hinges on activity in 
and with the group where members indwell in the practice with their mind and body” 
(Erden, Von Krogh & Nonaka 2008). 

•	 The tacit dimension of knowledge is situational. The tacit dimension of knowledge 
‘sticks’ to specific situations, objects and environments (von Hippel 1994). Like the 
skill of cycling only manifests on a bike, expertise of engineers only manifests when 
confronted in situ with a (malfunctioning) piece of equipment (Tyre & von Hippel 
1993). Team learning also occurs in a context that includes the team itself and the 
organizational context of the team (Argote & Miron-Spektor 2011). 

In short: “To rephrase Polanyi’s puzzle of tacit knowledge, organizations know more than 
what their contracts can say. The analysis of what organizations are, should be grounded 
in the understanding of what they know how to do” (Kogut & Zander 1992: p.383).

 5.4 Relevant cognitive processes
For team cognition, four cognitive processes are distilled from pragmatist literature: 
minding, sensemaking, reflection-in-action and imaging/reasoning. 

 5.4.1 Minding
At an individual level, we are permanently minding the world around us, namely, being 
aware of, monitoring, observing, paying attention to (Dewey 1934; Holder 1995). Our 
expectations act like an invisible guide that help us to discern meaningful events that 
potentially conflict with our doings or well being. 

Humans can cycle, drive, sketch, eat and so on while doing something else. We can do 
these things and simultaneously talk to someone else because we are minding many things 
around us. However, if something occurs that does not fit the expectations we have, our 
attention is immediately drawn to it. Thinking starts as a result of a sort of breakdown of 
expectations, and is best described by a witty remark attributed to Mead: ‘thinking starts 
when the damn tool breaks’. 
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At the team level, ‘minding’ is a good metaphor to describe the easily observable 
phenomenon in NPD teams that team members can progress individually without 
the need to communicate or report things: they do their job. However, if something 
unexpected occurs, this is noted and brought to the attention of the team, that 
consciously deals with it. Stated differently: a team ‘minds’ the flux of events and if 
something unexpected occurs, it will attract the attention of the team. Afterward, explicit 
communication, meetings, reports and so on will be observed. Interestingly, it are only 
individuals who can be surprised, and subsequently draw the attention of the team to it. 
To rephrase Mead: ‘team thinking starts when a team member noted and reported that 
the damn tool has broken’.

 5.4.2 Sensemaking 
In popular language, sensemaking is about people grasping what happens around them. 
Trivial as this may seem, the process is complex and nearly impossible to define (Klein 
et al. 2006a: pp.70-71). It refers to making sense of the experiences we have in our 
interaction with the environment, incited by surprises, intuition and doubt (Weick 1995; 
Weick et al. 2005; Klein et al. 2006a/b). 

Weick extended, explored and described the notion of individual sensemaking to the 
level of organizations: sensemaking in organizations (Weick 1995). Following a range of 
publications (Daft & Weick 1984; Weick 1995, 2001, 2005), Weick eventually defines it 
as follows: 

“Sensemaking involves the ongoing retrospective development of plausible images that 
rationalize what we are doing” (Weick et al. 2005). 

Seven properties of sensemaking are discerned (Weick 1995: pp.17-62), of which six 
concur with the aforementioned pragmatist standpoint on cognition (the seventh concern 
the construction of social identity):
•	 Sensemaking is done in hindsight 

Once we are troubled by something, or intuitively sense it is of interest to us, a process 
of rationalization starts. People try to understand what happens around them but can 
only reflect on what has happened. 

•	 Sensemaking is ‘ongoing 
It is a cognitive process which continuously ‘scans’ our environment for potential 
harmful or promising events for our well being. It draws our conscious attention to 
these events. In a pragmatist vocabulary: the observing ‘mind’ discriminates an event 
of interest in the flux of events and brings it into our consciousness, rationalizing why 
it is of interest.

•	 Enactment 
We are not only part the flux of events but also co-shape this flux. Humans are 
not detached observers of an ongoing reality outside their realm of influence. They 
constitute the reality they are part of. Weick underscores that the situations we are 
in are shaped by our own doings. We partially enact our own reality. “People create 
their environment, as those environments create them” (Weick 1995: p.34). What 
we believe, we put into practice. As a result the beliefs are enacted and our beliefs are 
reconstituted. 

•	 Social 
The meaning humans give to things and events is socially constituted. It emerges as a 
result of interactions among people in relation to an object or an event. Sensemaking 
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is a socially constituted process and the resulting rationalization is not objective but 
inter-subjective. 

•	 Feeling of clarity 
The process of trying to understand ‘what has happened?’ stops once feeling of 
order, clarity and rationality is achieved (Weick 1995: p.29). We know what to do. 
It does not require accuracy in understanding the problem at hand (Weick 1995: 
pp.55-57), but practicality in what acts might be effective. Therefore he mentioned 
‘plausible images’ that rationalize what happened, as opposed to profound or validated 
understanding. 

•	 Focused on and by extracted cues 
The substance of sensemaking starts with three elements: a frame, a cue and the 
meaning we connect to these two (Weick 1995: p.110). Frames are perceptual 
frameworks that categorize what we see and what we know and guide our conscious 
thinking (pp.109-110). Cues are extracted events or things in the world as we 
experience it in the here-and-now that are potentially meaningful for our being in the 
world (pp.110-111). Meaning is created when we can make a connection between 
cues in the here-and-now and frames that categorize what we know as a result of past 
experiences: “The content of sensemaking is to be found in the frames and categories 
that summarize past experience, in the cues and labels that snare specifics of present 
experience, and in the ways these two settings of experience are connected” (Weick 
1995: p.111). 

As Weick argues (ibid.: pp. 49-55), extracted cues evoke action, originate thinking and 
guide further activities. He considers them ‘seeds’ from which people develop a larger 
sense of what might be occurring (ibid.: p.50). Cues are often a result of our own doing. 
Once we start acting or searching we will see cues that will help us to discover what is 
happening or what seems to be the problem (ibid.: p.55). Any sensemaking process starts 
vaguely and indeterminate. It is our ‘extraction’ of cues from the world that serves as 
guidance in the sensemaking process. 

Sensemaking strongly resembles the process of mind indicating things to our 
consciousness described before. It is put forward here because pragmatists such as Dewey, 
Mead, Peirce, James and Blumer all focused on individuals interacting with world. 
Weick’s contribution is that he expands the notion of individual knowing-in-action to the 
macro level of organizations. His publications on enactment (Weick 2001: pp.176-236), 
organizations as interpretation systems (Daft & Weick 1984), sensemaking (Weick 1995, 
2001, 2005), collective mind (Weick & Roberts 1993) and resilient organizations (Weick 
& Suthcliffe 2nd ed. 2007) all concern teams or organizations dynamically and heedfully 
interacting with the world. As this chapter attempts to establish a framework on team 
cognition based on insights from individual cognition, Weick’s writings provide (some of ) 
the missing links. 

 5.4.3 Reflection-in-action
Frames are also a notion central in the vocabulary of Schön on the reflective practice of 
individual professionals (Schön 1983). While the aforementioned relation between cues 
and frames expressed by Weick is less articulated in the work of Schön on reflection-
in-action, Schön underscores another aspect that is less articulated in sensemaking: we 
actively experiment to understand the situation we are in and to define a proper course 
of action. Weick’s sensemaking retrospectively explains the situation we are in. Schön’s 
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reflection-in-action actively and intentionally deploys experiments to understand the 
situation we are in (Schön 1983: pp.49-69). When suddenly a strange sound is heard 
while we are driving, sensemaking is the cognitive process to establish what the sound 
may be by reconstructing what happened just before. Reflection-in-action concerns 
actively conducting experiments, such as accelerating and slowing down to find out if the 
sound is related to the motor. 

Reflection-in-action can be explained as the process of imposing a frame on the situation 
that shapes what cues we attend to and the resulting experimental moves. “When we set 
the problem, we select what we will treat as the ‘things’ of the situation, we set boundaries 
of our attention to it, and we impose upon it a coherence which allows us to say what 
is wrong and in what directions the situation needs to be changed. Problem setting is a 
process in which, interactively, we name the things to which we will attend and frame the 
context we will attend to them” (Schön 1983: p.40). 

While acting we actively observe the effects of the experiments thereby providing 
feedback to our conscious thinking whether the imposed frame is correct and if it solves 
the problem at hand (Valkenburg 2000: pp.57-61). Schön unfortunately never clearly 
defined what he meant by frames (Valkenburg 2000: pp.67-69), but frames are easy 
to recognize when operating, as frames underlie coordinated and coherent activities 
(Valkenburg 2000: pp.200-201). 

Valkenburg showed that the reflective practice also functions at the team level: teams 
impose team frames to align (design) activities. Team frames can be recognized as a 
period of coherence in team activities. Intriguingly the coherence can only be discerned 
in hindsight. The framing manifests itself through coordination of activities. Only by 
looking back to what happened in a meeting one can ascertain what ‘name’ provided the 
frame that guided ensuing team activities (Valkenburg 2000). 

 5.4.4 Imagining and reasoning
A fourth group of conscious thinking activities are reasoning and imagining, for example 
extrapolating, doing mental experiments, computing and so on. For individual cognition 
this concerns the inner conversation. Peirce, Dewey and Mead postulate that the self 
is ‘that which is aware of itself ’, which is a reflexive approach to the ‘self ’ (Mead 1934; 
Wiley 2006); and Peirce is the first who clearly identified, postulated a theory and 
analyzed it (Wiley 2006: p.8). Mead (1934) discusses the inner speech in the context of 
solving everyday (moral) problems. Dewey also considers inner speech a way of solving 
problems without the need for carrying out a trial and error process in practice (Wiley 
2006: p.12). These theorists consider the dialogical self pivotal for development of the 
self, considering the ability to reflect on what we do and what happens the key to human 
intelligence and cognition. 

Importantly, Dewey argues that there is always a gap between what is experienced in the 
here-and-now and what is known. Bridging the gap is the mental effort to give meaning 
to what is experienced. It also implies that meanings are imposed on what we consciously 
observe, inherently introducing a risk, “for as it assimilates the present to the past (..) 
the result is routine and mechanical” (Dewey 1934: p.284). As a result of prior learning 
we impose frames onto the flux of events and therefore no longer see cues signaling 
important events. This explains why people sometimes no longer notice cues that precede 
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catastrophic events. We tend to notice only those things that are in line with expectations, 
ignoring the unexpected (Weick & Suthcliffe 2nded. 2007: pp.23-35). 

Dewey considers imagination the only gateway for bridging unexpected events, 
namely, a doubtful situation and what is known already. The situation is doubtful only 
because meanings are given to the situation at hand; meanings that are derived from prior 
experiences. Doubt arises when meanings no longer suffice to deal with the situation 
at hand and require imagination to adjust what is known to deal with the unexpected 
situation. “The conscious adjustment of the new and the old is imagination” (Dewey 
1934: p.283). 

At the level of teams, the processes of reasoning and imagining are more easily identified 
in a team as communication among team members. The inner speech is externalized and 
observable. Team members resort to dialogue, such as ‘what if...’ arguments without the 
need to carry out actual experiments. These are ‘externalized’ imaginative experiments. As 
with individuals, these processes facilitate reflection-in-action. 

 5.5 Team cognition as dynamical system
In Figure 5.2 a theoretical framework on team cognition in a pragmatist vein is depicted 
on the base of the dynamical knowing-in-action. Team cognition is defined as the binding 
mechanism underlying the observable alignment and coordination of activities of team 
members dealing with situations that are encountered. Thereby cognition surfaces in the 
style and intelligence of the alignment and coordination in action. Two aspects need to be 
highlighted beforehand:
•	 The framework is preliminary and theoretical because it is preeminently based on 

theories or on empirical findings that have nothing in common with NPD. 
•	 There is a subtle distinction between knowing-in-action and cognition. Knowing-in-

action refers to a quality of the operative cognitive system while being in action. When 
a child learns to cycle, the cognitive system is operating from the very first moment. 
But a child does not have the ‘know-how’ to cycle yet. 

The framework should be read as a visual display of the key notions discussed before and 
how these are related. The key notions are described below. 

Environment
Team cognition concerns the system a team is part of and includes team members and 
the environment. A team interacts with the environment, responds to events and deals 
with the situations encountered while time passes. Take away the environment and no one 
will act. Hence, the cognitive system includes the team and the environment. In Figure 
5.2 this is visualized by depicting the environment and the team. At the bottom, the 
environment is shown, evolving in time. Above the environment, the team is depicted. 
Thereby the conceptual distinction is presented between ‘team consciousness’ in the 
foreground and ‘team mind’ in the background. 
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Team
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and/or

Imagining

Doing/Minding Reflection-in-action
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Figure 5.2
A preliminary model for explaining several key notions in a pragmatist vein on team cognition. All notions are 
explained in the text. Note that the fl ux of events incorporates time. Events are changes in the ongoing fl ow of 
events that are noticed and bracketed. Surprises, depicted as lightning, are  doubtful situations for which old 
ways of thinking and acting are no longer eff ective. In time, warranted assertion is obtained to deal with the 
doubtful situation at hand. 

Team mind
Team mind is conceptualized as the binding mechanism that underlies implicit and 
heedful alignment and coordination, namely, without (much) explicit communication 
and planning. Th is often concerns knowledge that individuals cannot articulate and 
only manifests itself while doing in practice. It overlaps with the discussion on the tacit 
dimension of knowledge (chapter 5.3.2) however, it is not the same. Th ere is a tacit 
dimension of knowledge in everything we do; even what we do consciously. 

Note that team cognition deviates in one important aspect from individual cognition. 
In individual cognition, individuals do things in the world and experience the eff ects. In 
team cognition, team members not only mind and experience the eff ects of their own 
personal doings, they also mind and experience the eff ects of the doings of other team 
members. And they mind and experience the eff ects of their own doings for others. 
Team members interact and anticipate the activities of others, interrelating their own 
activities. Th is (micro-) mechanism of team members who interrelate their activities to 
those of others is the tissue of ‘team mind’ as depicted in the picture. Also other team 
members interrelate their activities. A pattern arises depicting all interrelations. It explains 
why without much observable communication team members act in a coordinated way, 
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even improvising heedfully in unexpected situations (Weick & Roberts 1993; Weick & 
Suthcliff 2nd ed. 2007; Erden et al. 2008).

Team consciousness
Team consciousness is conceptualized as underlying explicit, observable alignment and 
coordination, such as communication between team members; textual documents; 
standards and so on. It concerns knowledge that is or can be articulated. 

Doing/minding
Minding involves monitoring the broad context and noticing changes. Team members 
observe the events. Their attention is focused on extracting and monitoring specific cues. 
They not only mind the flux of events in the world, they also mind the effects of their 
own doing. As long as events evolve as expected, the events are minded in the background 
and remain ‘unnoticed’, namely, beyond team consciousness. Cues hint at changes in the 
flux of events that were unanticipated for team members. The cues snare frames in their 
consciousness, which is focused on the surprising event that needs attention. Any process 
of interpreting ‘what is going on’ starts by noticing cues and bracketing particularities 
that seem related in the flux of events. As long as one or few team members can deal with 
the event, there is no need to notify many team members, i.e., to start conscious team 
cognitive processes.

Sensemaking
An individual can notice an events that is unexpected, at least for him. He brings it to 
team consciousness by discussing it or reporting it. As more team members become 
involved, the situation is dealt with consciously in an attempt to understand it. This is 
team sensemaking: the process of consciously developing plausible images that rationalize 
in hindsight what has happened. 

Reflection-in-action
Team members can consciously observe the course of events that require particular 
attention. They start attentively observing the cues at hand, searching for and extracting 
more cues. And whereas minding at the left side of the framework highlights that many 
team activities occur under the radar of team consciousness, the right side highlights 
intentional activities at the team level in order to learn: doing moves. These moves can be 
interventions, experiments or in depth analysis. The combination of attentively observing 
the flux of events and doing moves is called reflection-in-action. It serves to check frames, 
to get an understanding of the problem at hand, to test possible solutions and so on. 

Imagining and reasoning
Team members also resort to imagining and reasoning, such as devising plans and 
extrapolating possible consequences. In a way these are also ‘moves’ in the vocabulary of 
Schön (1983), not much different from conducting experiments in the real world but 
strictly mental. Imagining concerns mental activities that attempt to bridge an unexpected 
event that is observed in the here-and-now and what is known in the team. For example, 
if something breaks down, it requires imagination to settle what it may have caused 
it, and also to settle who possibly has some knowledge that may be useful to provide 
explanations. 
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Reasoning concerns mental activities as computing, logical reasoning, analysis and so on. It 
is less concerned about establishing what might be the cause of a problem or the solution. 
It is more about extrapolating consequences, for example of an idea, and drawing 
conclusions. Imagining and reasoning go hand in hand.

Note that an explicit distinction is made between two cognitive processes: team sensemaking 
and team reflection-in-action. It is a distinction that is not made in literature. Whereas the 
first concerns explaining surprises in hindsight, the latter concerns conscious and intentional 
moves guided by team frames. It can be questioned whether the distinction between 
sensemaking and reflection-in-action is not somewhat too theoretical. It puts two questions 
forward: is the distinction justified? And: does it lead to practical considerations? It will be 
discussed in depth in chapter 7.

 5.5.1 A practice-based perspective
The theoretical framework revolves around the interactions between people and world. 
It concerns what team members do and what tools and objects they deploy. The shift to 
activities and interactions as the underlying mechanism of team cognition strongly recalls 
practice theories. A ‘practice’ is a sociological notion that broadly refers to what people 
do (Bourdieu 1977; Lave & Wenger 1991; Brown & Duguid 2001; Østerlund & Carlile 
2005) and is defined here as:

Practice is what people do, including recurring and improvised activities; the tools and 
objects deployed; the social identity constructed; how work is done; how knowledge is 
produced. 

Every specialist in an NPD team has its own practice that is related to his specialism, 
including specific tools, vocabulary, prototypes, methods and the like. Individuals are 
part of different ‘communities of practice’ (Lave & Wenger 1991; Brown & Duguid 
2001; Duguid 2005). Practices can differ considerably, which makes it difficult to 
understand each other, even in the event of specialist work in the same space and time 
on the same project. Practices inevitably result in troublesome boundaries (Dougherty 
1992; Bucciarelli1994; Carlile 2002; Kleinsmann 2006; Smulders 2006). Within practices 
knowledge is easily shared and spread (Orr 1996, Brown & Duguid 2001), however, 
sharing and spreading knowledge across practices  is difficult. Knowledge sticks to 
particular practices (Carlile 2002). 
The interest in a practice lens as put forward here is that it enables us to embed the 
theoretical framework and the observations in a larger body of literature. Practice theory 
does not conceive knowledge as an abstract entity that can be explicated and transferred. 
Rather, knowing is situated in communities of practice, in the systems people are part of, 
in the tools they deploy and so on (Lave & Wenger 1991; Orr 1996; Brown & Duguid 
2001; Orlikowski 2002; Østerlund & Carlile 2005; Argote & Miron-Spektor 2011; 
Feldman & Orlikowski 2011). Thus, also practice theories will be deployed to analyze the 
empirical findings.

 5.5.2 Surprises
Pivotal events for team cognition are moments when something occurs that is unsettling, 
unexpected and disturbing. Relevant cues are discerned and the event is bracketed in 
the ongoing flux of events. This is called a ‘doubtful situation’(Dewey 1938), a ‘surprise’ 
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(Schön 1983: p.68) or ‘disruptive ambiguity’(Weick et al. 2005: p.413). For a team 
identifying a surprise inherently two steps are required. It always starts at the level of 
individual, as only individuals can experience doubt. If the individual surprise is quickly 
dealt with through a limited number of interactions with others, then it did not truly 
surprise the team as a whole. However, if individual surprises lead to explicit team-
level sensemaking processes then a genuine team surprise is encountered. How to act 
appropriately with the situation at hand is unknown. To ascertain how to act once again, 
sensemaking and/or reflection-in-action processes start. It is important to note that these 
surprising events incite and underlie all conscious cognitive processes. 

Team surprises are of particular interest to study team cognition. The implicit 
assumptions and frames underlying the team mind need to be articulated. As a result of 
a team surprise, team members must explain to each other what they expected to occur. 
Implicit knowledge such as assumptions or premises that guide behavior is lifted “out of 
the tacit, private, complex, random and past to make it explicit, public, simpler ordered, 
and relevant to the situation at hand” (Weick et al. 2005: p.413). The sensemaking 
processes that follow, including argumentations and decisions made, aptly show team 
consciousness. 

The factors that constitute team cognition can also be identified at these moments. 
What cues incited the surprise? What was the contribution of specific roles? What 
activities and experiments were done? What reasoning was used? These events are pivotal 
for understanding how teams align and coordinate activities. It is no coincidence that 
many publications on team cognition or sensemaking start with and/or revolve around 
these moments, when teams experience a truly unexpected situation (Rochlin et al. 1987; 
Hutchins 1995; Weick & Roberts 1993; Perrow 2nd ed. 1999; Weick & Suthcliffe 2nd ed. 
2007; Cooke et al. 2009). 

However, the focus on team surprises also includes a risk for understanding team 
cognition. Under specific conditions team surprises are prone to occur but not adequate 
for this inquiry. Consider new teams for instance. The number of occurrences of surprises 
will be high but are hardly of interest because these teams lack know-how. To study team 
cognition in NPD, team surprises in proficient teams are relevant, including the know-
how embedded in these teams.

 5.5.3 Summary and glossary 
This chapter aimed to derive a theoretical framework and to develop a concise vocabulary 
for further inquiry. The vocabulary develop is shown in Table 5.2. In summary the main 
insights are:
•	 Team cognition puts the focus simultaneously on individuals and on the team since 

only team members can contribute, yet it is the coordination that depicts team 
cognition. Although intelligent coordination in activities depicts team cognition, 
the activities are still the activities of individuals. Conscious processes such as 
communication cannot solely explain the alignment and coordination. In proficient 
teams, individual team members act carefully, purposefully, critically, consistently, 
attentively and studiously yet without much observable communication. The 
mechanism that underlies this implicit alignment and coordination of teams is called 
team mind. Individuals interact with other team members though which a complex 
pattern of interrelations emerges. The pattern is the tissue of team mind.  
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•	 Team cognition becomes manifest both in the coordination among activities and as 
a result of these activities. The pragmatic perspective on team cognition challenges 
traditional views on team collaboration that conceptualize team cognition as common 
mental structures that guide and align activities. Rather, it considers team cognition 
as ‘coming to know’; an emergent property of collaborating teams while being in 
action. Weick and Roberts reflected (1993: p.275) that ‘collective mind’ best can be 
conceptualized ‘as action that construct mental processes’ instead of ‘mental processes 
that construct action’. Interestingly, cognition stems from the Latin cognoscere, which 
means ‘to become acquainted with’; ‘to come to know’ (Merriam-Webster online 
dictionary). The Latin origin of cognition concurs well with the framework on team 
cognition provided. Teams ‘come to know’ while being in action: what problems 
matter, what to do, how to align activities.

•	 Team cognition focuses on the practice of doing NPD. The focus on activities places 
team cognition firmly in the tangible world as activities impact the course of events 
in the world in time. Hence, team cognition is mediated by a range of constituents 
including the environment, the tools used by team members, the language deployed 
and so on. 

•	 Team surprises are particularly meaningful events to study team cognition. On 
moments that all team members experience doubt as a result of something that 
is unexpected, team cognitive processes can well be studied. Suddenly implicit 
assumptions become explicit, and also the implicit relations among team members  
will show.
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Design Devising products (tangible and intangible) in which human needs, likings, 
tasks and particularities are placed centrally. Focus  is on the product’s usability; 
experience of use; meaning attribution; and elicited emotions

Teams A distinguishable set of people who interact dynamically, interdependently and 
adaptively towards a common goal/objective/mission; with specific roles or 
functions to perform; and have a limited life-span of interest

Distributed teams Teams that are composed of sub-teams that are spatially, culturally and/or 
organizationally separated  

Mono-disciplinary teams Teams in which team members have comparable knowledge, and hardly no 
specialism has emerged. All members are exchangeable

Multi-disciplinary teams Teams in which team members are specialists with distinct knowledge domains. 
All  members have to collaborate to obtain the team goals  

A practice What people do: recurring and improvised activities; the tools and objects 
deployed; social identity; how work is done; how knowledge is produced.

Boundary An imaginary/felt demarcation between specialists, departments or functional 
units. Specialists find it hard to understand each other’s practices

Cognition The binding mechanism that underlies the observable coordination in activities 
of an individual interacting and dealing with situations that are encountered  

Knowledge The accumulated learning as a result of situations encountered in the past, 
including both the tacit and explicit dimensions of knowledge

Explicit dimension of 
knowledge

Knowledge that can be articulated, verbalized, coded, stored and retrieved

Tacit dimension of 
knowledge

Practical skills and expertise to do something, that can not be articulated 
consciously. It only can be accessed while being in action

Knowing-in-action or 
Know how

The accumulated learning to deal with situations that are encountered,  putting 
knowledge to action and simultaneously developing knowledge 

Surprise An unsettling event that is unanticipated, not meeting (implicit) expectations

Cues Extracted events or things in the here-and-now that are potentially meaningful 
for our being in the world

Frames Perceptual frameworks that categorize what we see and what we know and guide 
our conscious thinking

Team cognition The binding mechanism underlying the observable alignment and coordination 
in activities of team members interacting and dealing with situations that are 
encountered

Team mind Implicit alignment and coordination of activities at team level as a result of 
heedfully interrelating  team members

Interrelating activities Team members establish the relations between their activities and those of others, 
and subordinate their acts accordingly. 

Team consciousness Explicit alignment and coordination of activities at team level, either by means of 
communication or by means of standards, procedures, etc. 

Team sensemaking The ongoing retrospective development of plausible images that rationalize what 
we are doing (or what is happening)

Team reflection in action The intentional and active development of plausible images that rationalize what 
we are doing (or what is happening)

Table 5.2 A glossary of key notions for team cognition.
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Chapter Team cognition: in-the-wild

Analysis

The first research question concerns team cognition: what factors constitute 

team cognition in the context of NPD, how and why? This chapter presents 

the findings of studies on understanding team cognition in-the-wild, as 

observed in the practice of NPD at Océ. Thereby two distinctive levels of 

analysis are discussed: first the level of interacting individuals, followed 

by discussing the team level. The mechanism that links the activities of 

individuals and the alignment and coordination of these activities at the 

team level is that in time a joint practice is produced. Interestingly, joint 

practice is both a result of activities and provides guidance for subsequent 

activities.

6
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In chapter 5 a theoretical framework is developed for team cognition, on the base of 
a literature review. In this chapter the empirical fi ndings are discussed of a case study 

named ‘ORE’. Th e aim is to explore team cognition alongside the framework and 
discovering aspects not described that enrich the framework. Th e data that is gathered 
is analyzed in depth by means of fi ve distinctive studies (Appxs. 2 to 6). Each of these 
studies stand relatively on its own: it has a specifi c research question, deploys distinctive 
methods and analyzes diff erent data sources. Th e remarkable fi ndings and/or the fi ndings 
that are persistent across these studies are presented in this and subsequent chapters, by 
means of ‘boxes’. Th e boxes transcend the individual studies, and each describes one 
particular insight. Much care is taken that the boxes preserve the ‘feel’of the original data 
and show the causal relations to the studies that underlie it. 

Team cognition concerns the observable alignment and coordination at the team level of 
activities of individual team members in teams. Th us, both the micro-level of individuals 
and the team level are analyzed in this chapter. And although the theoretical framework 
on team cognition mainly concerns the team level, I quickly learned that the basic 
mechanisms are to be found at the level of interacting individuals. Both levels will be 
discussed in depth, before I refl ect on the consequences for the framework. Th is becomes 
manifest in the overview of chapter 6 as provided in Figure 6.1, including the levels of 
analysis. Th is chapter will start with an intriguing paradox that was discovered when 
analyzing the interviews of involved team members (Appx. 6). It was found that team 
members of specifi c sub-teams hardly knew each other or knew what the other did in 
relation to ORE. It shows a boundary between two practices (chapter 6.1). Still, ORE is 
a unifi ed whole, integrating the artifacts of the work of these sub-teams well. How is this 
possible? 

Answering this question is the key to understand team cognition in-the-wild. 
At the level of interacting individuals, an extreme indeterminacy is found for members 
of multi-disciplinary NPD teams at Océ (chapter 6.2). Team members deal with this 
indeterminacy by means of interrelating their activities with those of others, and the 
mechanisms are presented (chapter 6.3). In time team members construct a joint 
practice, and several constituents of this joint practice are distilled and discussed (chapter 
6.4). Subsequently the four main team cognitive processes are described: sensemaking, 
refl ection-in-action, imagining/ reasoning and minding (chapter 6.5). Th e many insights 
result into a new framework on team cognition which will be discussed in chapter 7.

  

Team level 

Individual level 

Describing team cognitive
processes                   (6.5)

Joint practice 
                                  (6.4)

Dealing with indeter-
minacy: interrelating   (6.3)

The extreme
indeterminacy in NPD (6.2)

The boundaries 
between practices     (6.1)

Synthesis

A new 
framework 
for team 
cognition

Chapter 7

Figure 6.1  
An overview of this chapter.
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 6.1 The boundaries between practices in NPD
Any NPD project in the context of Océ is too complex to be understood, overseen and 
performed by one person. Hence, the teams are always composed of a range of specialists. 
Specialists not only have expertise, but also distinctive practices, as already surfaced in 
Box 1 in chapter 3. Because of these distinctions, specialists find it hard to understand 
each other’s practices, and boundaries between practices are prone to occur in NPD teams 
(see e.g., Doughtery 1992; Bucciarelli 1994; Carlile 2002, 2004; Levina & Vaast 2005; 
Kleinsmann 2006; Smulders 2006). Stated differently, NPD requires many specialists, 
which inevitably results in boundaries between practices that influence the collaboration 
between team members. Yet, NPD requires that the activities and knowledge of all 
team members integrate into one unified and coherent product, despite the distinctive 
practices. 

Box 2 illustrates a boundary between practices that is found in the ORE case, between 
the practices of software and hardware. Considering the interviews (Appx.6) it is hard to 
understand how ORE became a unified whole in time. The interviews were conducted 
when the ORE development was nearly finalized, and team members collaborated for a 
long time. Still, the team members framed ORE quite differently. They seldom mention 
the team members across the boundaries of their practices as they hardly know them. 
They deployed different tools for their activities. They have a distinctive vocabulary poorly 
understood by others, and so on. They discussed the activities for ORE as if the other 
team members did barely contribute to it. It is hard to believe that the interviewed team 
members had a ‘shared understanding’ of the topic, even when they (nearly) finalized the 
development. At the same time they all agreed that ORE was well integrated. A paradox 
becomes manifest and leads to the question: how can specialists with distinctive practices 
and in between a boundary exists, still integrate their efforts into a unified whole? 
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Even though ORE was chosen because it is a co-located NPD 
team, a boundary between two practices was discovered in the 
ORE case: the practice of software and the practice of hardware. 
Several interviewees had diffi  culties to remember the names of 
others, or found it diffi  cult to explain what the other does. Some 
quotes are:
•	 “…what is his formal role anyway?”  

•	 “…what is her name, I forgot…” 

•	 “ …I suppose you [author] contributed to that 

some way or other?” 

•	 “ …those guys from mechanical engineering, 

I don’t know their names...”  

•	 “ …wait, I have a list here with names, 

I’m really bad with these names...”  

•	 “I really don’t know what his role is, to be honest”. 

Th ese comments incited the idea to analyze who-names-who 
in the interviews; and also who- talked-to-who in my personal 
observations as recorded in the journal. Below the boundary is 
explained and illustrated in several ways.

The boundary between the practices 
of hard- and software
In interviews the involved team members discussed their work 
and with whom (names or roles) they collaborated on topics. 
Hence it is possible to map the relations between the roles in the 
ORE case. Th e fi gure below represents the data visually, using 
Circos software. On the left side the segments depict the formal 
roles of the interviewees, and articulates both the hardware 
(mechanical engineering, test group) and software (architect, 
software engineering, electrical engineering) related roles. On the 
right side the segments concern the number of times a specifi c 
role is mentioned. Th e small top segment depicts non-R&D roles 
that for ORE were hardly mentioned. Wide ribbons depict that 
interviewees occupying a specifi c role often mentioned another 
role, i.e., interacted often with these roles, according to themselves. 

Th e fi gure articulates a boundary 
among practices: on one hand 
mechanical engineers, and also 
the validators mainly collaborate 
with other mechanical engineers, 
the validator and designers. Th e 
architect, the software engineers 
and the electrical engineer 
mainly collaborate with other 
architects, software engineers, 
electrical engineers, and also 
designers. It shows a boundary 
between the practices of software 
and hardware. Software related 
specialists hardly mention 
hardware roles, or the activities of 
hardware specialists. Vice versa, 
hardware related specialists seem 
to overlook software specialists. 
Only one software engineer in 
depth explored and explained the 
relations between the practices, 
as discussed later on in Box 15. 
It explains the two wider ribbons 
from the bottom left (software) 

The distinctive practices in the ORE case

Source: Journal analysis (Appx.2); Team reflective practice (Appx.3); 
Interviews: interrelations (Appx.6
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to the top right (mechanical engineering). Mechanical engineers 
hardly mentioned mentioning software roles. The findings of the 
interviews suggest that the boundary is influenced by the sequence 
of activities: hardware activities were nearly finalized when software 
activities ramped up. Also, software and hardware engineers are 
slightly spatially separated in two adjoining office spaces. How this 
boundary is spanned is discussed in Box 9: ‘the joint practice in the 
ORE case’; Box 15: ‘boundary spanners in the ORE case’ and Box 
25: ‘designers as boundary spanners in the ORE case’. 

Illustrating the boundary:  
the meaning of ‘ORE’
The boundary probably best can be shown by means how the 
involved team members describe ORE, showing a considerable 
variation:
•	 “ The ORE is about (..) guiding the operator through a couple of 

zones” (usability engineer)

•	 “ The behavior [of the system] when an error occurs” (system 

behavior architect)

•	 “ Where can I halt a sheet? Where can I transport  

a sheet to” (software engineer 1)

•	 “ Most important: prevent damage to the system” (software 

engineer 2)

•	 “ Minimize the exceptions (..) what you [operator] have to do” 

(interaction designer) 

•	 “ I didn’t do ORE(..) the mechanical engineer has to take care it is 

accessible” (architect)

•	 “ A combination of user interface and use-stickers” (visual 

designer) 
As a result, the focus on what matters for ORE also varied 
considerably. The designers and usability engineers focus on the 
operator-printer interaction. They discussed problems from the 
perspective of the operator and are concerned with the experience. 
The software engineers and the architect focused on detecting 
errors; job recovery; and preventing damage to the printer (as a 
result of activities of operators). They discussed errors and scenarios 
in order to solve these errors, and routines for the operators. 
Mechanical engineers focused on accessibility; robustness; and 
reliability in order to maximally reduce ORE. They discussed the 
feel of things and were concerned that operators may damage 
vulnerable parts, because they act hard-handed.

Illustrating the boundary: vocabulary
Specialists deploy domain specific jargon. Those working on 
software indicate errors by means of abstract codes e.g., a “6039 
error”. In a filmed meeting they deployed these numbers that for 
them were meaningful, but not for others, who needed additional 
explanations. When discussing problems and solutions, they 
discussed strategies rather than tangible parts or problems: “we can 
also solve it via a front door scenario”. In general their vocabulary 
was somewhat abstract compared to those of others, including 
notions such as “codes’; ‘spooling’; and ‘system behavior’. They 
referred to others by means of their roles: “the engineer of the HEX 
unit. 
Those working on hardware indicated errors by naming specific 
situations in plain language: “it is stuck down there” or “now where 
is the sensor?” Often bodily experiences were included in their 
language: “that is a wobbly part”; or “you can hear it is ramshackle 
solution”. In general they deployed a more vivid language, such as 
“you have to be Houdini to access it” or “emergency brake operating!” 
They mentioned names of others, rather than roles. 
Designers talked about the user, and the experiences a user 
probably would have. Their language often included experiences, 
such as “this feels odd” when discussing an idea. They referred to 
tangible parts of the product rather than abstract technical notions 
(‘the little door’; ‘handles’). Typical jargon for designers are words 
such as ‘intuitive’; ‘unambiguous’, ‘perceived quality’. 

Illustrating the boundary:  
tools, methods and artifacts
Specialists deploy specific tools that constitute their practices, just 
compare CAD for mechanical engineers to dynamic modeling 
tools for software engineers. System or printer architects mostly 
use flow charts; or small sketches of technical principles. Engineers 
have (CAD) tools that are provide many details and show how 
things look like in the tangible world. Also the methods varied 
considerably for ORE: designers deployed ‘persona’s’ for developing 
ORE, and others did a FMEA analysis (Failure Mode and Effect 
Analysis). The artifacts were fully different across practices: 
e.g., mechanical engineers delivered tangible parts and software 
engineers software releases. This also showed in their personal 
working space: whereas software engineers often had a ‘clean desk; 
the engineers were surrounded by prototypes, broken parts and 
technical drawings.
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 6.2 The extreme indeterminacy in NPD
The first level at which team cognition is studied, is the level of interacting individuals. 
One of the most persistent findings is the extreme indeterminacy that team members in 
NPD teams experience in their daily practice. 

Indeterminacy is the state of being indeterminate: a problem/solution which not 
definitely or precisely can be determined, cannot be known fully in advance, or has an 
infinite number of possibilities.

The indeterminacy is not only caused by the boundaries among practices as discussed 
before. Rather, it is a fundamental aspect of doing multi-disciplinary NPD. Specialization 
implies that tasks are allocated to persons; products are disaggregated in modules and 
parts; and problems are divided into manageable components. However, problems 
are seldom confined to one part, and are seldom mono-disciplinary. For example, the 
cooling of a printer requires electrical engineers to decide on fans and cabling; mechanical 
engineers to position and mount these fans; software engineers to write the code of the 
behavior of these fans in relation to the printing process; designers to provide slots in the 
covers for the supply and discarding of air; sound specialists to reduce the inherent noise, 
and so on. Most parts usually require the expertise of several team members together. 

Team members have to be aware of, and manage the relations between their activities 
and those of others. Relations include dependencies and contradictions, and require 
careful multi-disciplinary consideration and heedful coordination of activities. Hence, 
many problems that team members in NPD teams encounter can be named ‘in between’ 
problems as these problems reside in the combination of choices of specialists together. 
Four categories of ‘in between’ problems that result into indeterminacy are discerned and 
will be discussed shortly here after: 
•	 Poorly known relations as a result of specializations (chapter 6.2.1).
•	 New relations as a result of enactment (chapter 6.2.2).
•	 The ongoing construction of the criteria deployed (chapter 6.2.3).
•	 The time lag between what can be observed and what is known (chapter 6.2.4).

As a result of the ‘in between’ problems, team members experience an extreme 
indeterminacy in their everyday practice. It needs to be underscored that indeterminacy 
has two distinctive causes (Daft & Weick 1984; Weick 1995: pp.91-100; Weick 2001, 
Weick 2005).

First, team members can experience uncertainty, because they lack information to 
judge a problem or to decide if a solution suffices. For example: team members cannot 
decide on production technology without information on estimated series of a product. 
Or with only limited available information of standard parts, developers cannot decide 
whether a part meets their aims. In order to deal with uncertainty, team members need to 
acquire more information before they can progress. 

Second, team members can experience ambiguity, which means that more than one 
interpretation is possible of the same information, which results in confusion (Weick 
1995: p.99). For example, a module resonates somewhat when a printer is in use. For 
some this is unacceptable, because it seems far from robust. Others have no problem 
with it, as the product does not malfunction. The indeterminacy for the team is not 
the fact that the module resonates, but that the event is interpreted differently. To deal 
with ambiguity, team members not need additional information: rather they need to 
discuss the topic at hand in order to get an agreement on how information needs to be 
interpreted (Weick 1995: pp.91-100). 
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 6.2.1 Category one: poorly known relations among specialisms
Th e activities of one team member impacts the work of others. Th ereby many decisions 
made by one team member directly infl uence the situation of other team members. Th ese 
relations between the activities of specialists are sometimes poorly understood by the 
specialists themselves, see Box 3: ‘lost in specialization’ for some examples. Th e poorly 
known relations can be constitutive, helping each other’s aims; but also confl icting, 
because the aims are mutually exclusive. Team members need to learn what the 
dependencies are in their activities (Carlile 2002, 2004). Th ese relations are intangible, 
cannot be overseen a priori by someone, and are usually not explicated in documents 
whatsoever. As such, many of the relations in the work between specialists have to be 
established while collaborating: 
•	 Team members need to know what others need to know, in order to get ‘synchronized’ 

(Smulders 2006). Th is knowledge concerns the activities they do, the plans they have, 
the designs they have in mind. Th ey have to inform the other adequately and in time, 
so that the other can derive the consequences for his/her activities. 

•	 Team members need to know what to ask others: what information they should and 
can get from others and at what moments, in order to do their work well. 

Th ese relations become truly complex when they concern three or more team members, 
see Figure 6.2. Th is situation became manifest several times in the ORE case (Box 3). 
Th ese relations are concealed in the portfolio of activities of several specialists together. 
Specialization implies that the activities are distributed among team members and the 
trade-off  is that some aspects are not addressed well, also because it is hard to address the 
aspects beforehand. More specialization implies more relations among specialisms. 
Typically, once a problem becomes manifest, team members immediately understand the 
relations. Th is usually happens in the implementation phase, when parts are visible in 
CAD; an integrated prototype is built; or a software release is implemented. In order to 
establish the relations, what team members develop needs to be made tangible. Because 
team members work concurrently, this is sometimes diffi  cult, as some of the examples in 
Box 3 show. 

It can be argued that this category of problems can be solved by better addressing 
who-does-what, like some interviewed persons mentioned. Yet I consider this category 
of problems to be inherent to multi-disciplinary work in complex NPD: in complex 
NPD many topics and requirements are distributed among team members. No one truly 
oversees the relations between these specialists a priori (Bucciarelli 2002: pp.226-228): it 
is a class of problems that is inevitable when work is distributed among specialists. 

Figure 6.2
Th is model depicts a triad of specialists and the 
relations between them. Th ey need to know, or learn 
what the relations are in their work, as dependencies 
or confl icts. Th e relations are sometimes poorly known. 
Th ese relations not only concerns pairs of team 
members, but also the ‘white spot in the middle’ of 
three or more team members. Even when all dyadic 
relations are known well, it is possible that in between 
three team members an unknown triadic relation 
exists. As in NPD several specialists collaborate, many 
unknown relations emerge. 
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Complexity requires specialization, which enlarges the number 
of interdependent relations among team members. Functional 
units or topics are disaggregated over several team members that 
are sometimes unaware of the relations between them. Also, 
architects who distribute functions have only limited awareness 
of all (possible) relations. The relations can still easily be inferred 
and established if it concerns a dyadic relation: a relation between 
two persons. However, the situation becomes complex when three 
or more specialists are involved. Topics then risk to be ‘lost in 
specialization’. In my observations this is a recurring theme, and is 
also mentioned by interviewees. Two examples are provided below.

Example 1: Overheated motors 
To transport paper back and forth, an engineer positioned three 
motors closely together. He was well aware that the motors ran 
fairly hot, even above 90oC. The NPD project was geared for 
a low cost price, and he selected fairly inexpensive motors that 
provided just sufficient power, but that got very hot. In order to 
ascertain sufficient cooling, the motors were to be used without 
covers. The safety officer imposed generic standards and evaluated 

the product as a whole. He approved it, seeing motors carrying a 
yellow warning sticker. He recalled in an interview that he expected 
‘usual’ motors. As a designer, I devised a design for all inner covers, 
including these motors, considering that users have to be protected 
from hot parts, electrical cables and so on. Just like the safety 
officer, I was unaware of the specifics of this situation. 
Once prototypes of this design were assembled in an integrated 
prototype, an unexpected system breakdown occurred. The motors 
ran too hot despite the air slots. Although all three involved were 
aware of their mutual relations, nobody was aware of the effects 
of the activities of all three together. When the problem became 

manifest, it was immediately understood and in a meeting the team 
quickly decided what to do: nobody dared to touch the motors to 
experience himself what 90oC implies, regardless of legislation.

Example 2: When three solutions for a 
problem render useless
A particular part of the paper path in the printer was inaccessible. 
Team members agreed to implement several changes to solve 
this problem. A sensor would be included by electrical engineers 
to detect a sheet of paper in the specific area. The mechanical 
engineers would integrate the sensor in the local paper path. The 
software engineers would take care the sheet would be spooled out 
when an error is detected, by adapting the behavior when this error 
occurred. The sheet had to be spooled out by running the motors 
in the specific area. When all changes were implemented in an 
integrated prototype, the combined efforts rendered useless. 
The software and electrical engineers considered that it was better 
to spool out the jammed sheet in reverse direction, as it was 
jammed in one direction only. When the sheet is spooled out in 
opposite direction, there were no obstacles, and there was fair 

chance for success. However, the way the sensor by the mechanical 
engineer was implemented disabled this reversion: it provided 
a barrier for the sheet to be spooled back, even making the jam 
worse. The mechanical engineer was unaware of the agreement 
between the others to reverse the motors. Although the problem 
was well understood, the relations in between team members’ 
activities were poorly understood.

Lost in specialization

Source: Journal analysis (Appx.2); Interviews: interrelations (Appx.6)
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 6.2.2  Category two: collectively enacted new relations among specialisms
Th is is another category of ‘in between’ problems as a result of specialists in NPD teams 
working concurrently on something that not yet exists. Sometimes fully unknown relations 
emerge as a result of the collective choices and actions. Box 4 shows the example of ‘Th e 
blind printer’. Problems arise that are unforeseen by all beforehand, as they are new to 
all involved. Opportunities arise that no one considered beforehand. Th ese new relations 
between individual choices only become known once they have crystallized into tangible 
prototypes, software releases and so on. 

Th is category of problems is diff erent from the fi rst category since it concerns discovering 
new relations and dependencies, not re-establishing implicitly known relations and 
dependencies. Even when team members have time to discuss matters and collaborate 
closely, this category of problems cannot be avoided, as the relations and dependencies 
are simply unknown, see Figure 6.3. Th ese new and unknown relations are not revealed 
until the collective eff orts of team members become manifest in the real world. It is a set 
of interdependencies that are produced by the previous and collective work of the team 
members; a collectively enacted problem. Th e word ‘enactment’ is deliberately chosen to 
highlight that in NPD teams, the team members often produce their own environment 
and the problems they face. Team members make many choices, like specifi c technical 
conceptual choices. However, the choices shape all subsequent activities, problems 
and opportunities, even years later. Box 4 shows these vividly: the choice to develop a 
compact printer was the root for many challenges in the ORE case. Th e constraints and 
opportunities an NPD team faces at any given moment, are at least partly created by the 
acts and choices of team members beforehand. 

Th e fact that relations between specialists are unknown, is constituted by the tacit 
dimension of knowledge of the specialists. What specialists do is not only what they 
explicate, but also what they tacitly ‘know-in-action’ (chapter 5.3.1). Hence, what they 
do is always more than what they say or write. Th is implies that reviewing someone else’s 
document is like reviewing the tip of the iceberg of the expertise of the other. Box 1, ‘ORE 
and the diff erent object worlds’ (chapter 3), demonstrates how hard it is to understand a 
document written by another specialist. Not just because it is full of jargon, or because he 
frames the subject matter entirely diff erent. Th e problem is that many of his choices remain 
implicit, and do not become manifest until in the collaborative practice it is articulated as a 
result of contradictory aims. 

?
Figure 6.3
Th e second category of problems concerns the orange 
zone in the middle, with the question mark. It 
concerns the problems or opportunities that are 
discovered only when the collective work is enacted. 
Nobody conceived the problems beforehand, and only 
in hindsight the new relations between team members 
can be understood. 



133

The complexity of NPD forces team members to make decisions 
for solving problems based on what they know, including educated 
guesses, standards, or simply common sense. By doing so, they can 
progress and eventually validate their expectations, e.g., by means 
of experiments with prototypes. Team members work concurrently, 
but there is a fair chance that unforeseen, unexpected new 
problems or opportunities emerge that are a result of the collective 
choices and activities. One typical example emerged in the ORE 
case, and the reconstruction of this enacted problem is described 
below. 

How focus on ease of use enacted a 
usability problem
To solve paper jams, inside a printer many sensors are strategically 
positioned. These sensors can detect a paper jam, whether a sheet 
of paper is removed, a door is opened, or a handle turned. It 
enables a printer to keep track of what an operator is doing to 
solve the paper jam, and hence to provide adequate guidance what 
to do. All Océ products work that way; and also most competitor 
products. Amidst a team meeting, staged around a prototype, 
team members open the front door that is assembled for the first 
time. A team member suddenly became aware that there was 
problem overlooked by all. For cost reasons, it had previously been 
decided to reduce the number of (expensive) low voltage sensors, 
in favor of high voltage sensors. Also, to meet (harsh) electrical 
safety legislation, all high voltage electrical parts were cut off 
from power the moment the front door of the printer engine was 
opened. What was new for the involved team members was that 
this applied for nearly all sensors inside the printer. The printer was 
literally ‘blind’ once the front door was opened: it no longer could 
infer what an operator was doing. This surprise overthrew all of the 
work so far. A key assumption proved to be erroneous, namely that 
the printer is capable to sense what steps an operator performed.

Ironically, the product I had in mind -as a designer- focused on 
user friendliness: operators were not told what to do, but gently 
taken by the hand. In case of a paper jam, it would be a friendly 
and inviting gesture if the door opened automatically. However, 
this paved the way to use the cheaper high voltage sensors, and 
simultaneously meet the safety requirements. As a result of this 
‘friendly gesture’ all of a sudden the printer could no longer guide 
operators! 
The problem of ‘the blind printer’ was enacted; it was a result of 
the choices made by several individual team members in the past. 
The combination of these choices revealed a new and unknown 
relation between the activities of those involved. 

The picture shows the doubtful situation at that moment in time. 
The arrows depict handles an operator possibly needed to operate, 
to remove sheets of paper. Without guidance, this was a serious 
challenge. 

The root of the problem: an architectural 
choice made years before 
Actually ORE as a whole showed to be a complex and enacted 
problem, as a result of several high level architectural choices 
made years before. As six interviewees mentioned: it was most 
of all caused by the choice to make a small and compact high 
speed engine. Compactness is at unease with accessibility inside 
a printer. A rather vulnerable part of the printer was discussed 
often in the interviews: the heat exchange unit. It was devised to 
avoid a paper jam at all times, and team members aligned their 
individual work accordingly. Yet due to the limited size of the 
printer, paper jams sometimes spanned more modules. Someone 
inferred that a specific paper jam in another area could result in 
a paper jam in the vulnerable unit after all. A simple experiment 
proved that the relations were more complex than expected, and a 
‘new phenomenon’ was discovered. It overthrew many activities on 
ORE.
“ We have tested it once (..) The first thing that happened is that the foil 

broke down when I’ve introduced the jam. Then the whole module.. 

it flew apart! Really spectacular! It was shattered, the pieces where 

everywhere...(laughter) (..) it was a new phenomenon for all of us” 

(software engineer).

The ‘blind’ printer – an enacted problem

Source: Journal analysis (Appx.2); Team reflective practice (Appx.3); 
Interviews: interrelations (Appx.6)
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Also the novelty of some problems causes that relations between team members are 
unknown: how can you foresee a problem in the collective work of the team, if the problem 
itself is unknown? If a problem never occurred before, none of the involved team members 
can anticipate it. 

 6.2.3 Category three: the different criteria deployed
In the team cognition framework, the dynamic interactions of people with the world are 
central. Thereby the flux of events is judged by the criteria NPD team members have. 
These criteria include personal norms, requirements and generic standards. The criteria are 
used to judge what events are ‘problematic’, and what solutions are ‘sufficient’ or not. The 
problem for NPD teams is that the criteria vary considerably among team members, see 
Figure 6.4. Several examples are given in Box 5: ‘balancing between a seven and a ten’. 

The examples make clear that the criteria not only concern the ‘intended’ product; i.e., 
the product the team is developing collectively. Rather it concerns the ‘intended’ system. 
The product is part of an eco-system including e.g., the organization that sells it; the 
organization that produces and distributes it; the organization that services it; partners 
that co-develop it; other products it interacts with; and so on. This system includes criteria 
that are not related to the product, but are essential for eventual success. Considering 
the system rather than product requires a distinctive framing of problems and solutions 
(Stompff et al. 2008).
That team members have different criteria is influenced by three factors:
•	 The impossibility to articulate an unambiguous project definition 

Any definition of the ‘intended’ system is ill-defined, ill-structured, and often wicked. 
Ill-defined problems are problems in which the formulation of the problem inherently 
corresponds to the formulation of the solution. Ill-structured problems are problems 
in which interdependencies exist that cannot be separated. Wicked problems are 
problems that are ill-structured, ill-defined, and the solution impacts the life and work 
of humans (Rittel & Webber 1973; Buchanan 1995; Coyne 2005; Conklin 2006; 
Visser 2008). Surely, no NPD project can start without extensive requirements. Yet 
many things are unknown and any project definition, characteristically, can only be 
formulated loosely, leaving open ample space for interpretations. 

•	 The gaps need to be filled in while developing the product 
The encountered events continuously reshape and refine the team members’ criteria, 
and even the goals (Simon 3rd ed. 1996: pp.162-163). If a new problem emerges for 
which no requirement or standard exists, it requires a standpoint. Is it a problem? Is 
the solution good enough? 

•	 Criteria are subjective 
Criteria are often considered ‘objective’, an assumption that is omnipresent in NPD 
literature. However, what is observed is that for (large) NPD teams defining criteria 
and judging whether the criteria are met, is quintessentially a social process. What 
is satisfactory for some, is fully inadequate for others. What is considered go/no-go 
requirement for some, is merely a nice-to-have for others. 

The ongoing discussion about criteria on ‘what matters’ and ‘what is good enough’ 
was found to be one of the fundamental characteristics of NPD in-the-wild. Many 
requirements and standards are developed on-the-go, rather than beforehand. They are a 
result of encountered problems; and the choice how to deal with a problem constitutes 
the eventual requirements. 



135

In the ORE case, only very generic requirements were provided, 
namely that the average number of service visits per year should 
not exceed a defined and ambitious target. This implied that 
operators need to be empowered to solve as many errors as 
possible. How this requirement could be met was unknown. It left 
open ample space for interpretation, and individual criteria varied 
considerably. The extensive white spots in the ORE case had to be 
filled in while developing the product at hand. What ‘ORE’ is and 
what solutions suffice only became known by developing it. Three 
examples are carved out the ORE case showing how criteria and 
solutions are co-developed.

Example 1: Establishing what is easy to 
use
The aim of ORE is to enable operators to deal with errors without 
any training. Hence, ORE must be intuitive and easy to use. This 
is hardly objective: it requires a normative standpoint. In a filmed 
meeting a question arose:
“ How bad is this? You really have to sit on your knees..” (19:53). 
This question concerned the criteria to judge the situation; not the 
judgment itself. Could it reasonably be expected that an operator is 
prepared to sit on his knees? How long is an operator prepared to 
sit on his knees? And what about female operators who wear short 
skirts ? The question was not about judging if a requirement was 
met; but about what the requirement should be. Thereby all these 
questions together enabled to set the criteria eventually.
While developing ORE, many of these situations were 
encountered, and the criteria had to be established on the go. 
These situations were a result of the proposals made, and were not 
conceived by anyone before. Nobody considered that operators 
possibly had to sit on their knees; hence no requirement existed 
that unambiguously settled whether or not the proposal was 
sufficient. While evaluating the situation, discussions arose whether 
problems were actually problems and whether solutions were 
satisfactory or not. Or even too good: 
“ Wait, wait: I’m just trying to balance here between a seven and a ten” 

(48:43). 
The criteria were developed, articulated and aligned by means of 
the cases team members evaluated, rather than by any a priori 
requirement. This was not easy, as a senior validator in a filmed 
meeting mentioned: 
“We do not know it, we simply do not know it” (37:10). 

Example 2: Creating criteria on-the-go
In the interviews it was also mentioned that the criteria the team 
members needed to address in their work largely emerged as a 
result of their work. They developed parts or code, and by means 
of the resulting prototypes the team learned whether or not it was 
a good solution. Thereby often new problems were enacted (see 
Box 4), requiring to discuss what was good enough for these new 
problems. Hence the eventual list of requirements was just as much 
guiding activities as it was a result of these activities. In hindsight, 
sometimes team members were amazed that standards that were so 
obvious, were overlooked beforehand by others. A senior explained 
it as the nature of the game of NPD: 
“ If we do not develop the construction first time right, some people will 

comment: what a stupid idea this is. It is wobbly (..). They are right: 

we should take care it is not wobbly. You know that in hindsight, and 

you know you need a requirement like: not wobbly. Point is: you don’t 

see it is wobbly in the preview in CAD” (mechanical developer).

Example 3: Discussing system, not 
product
Somewhat typically for the case at hand, the criteria did not 
involve the ‘intended’ product only; rather it concerned the 
‘intended’ system. In the ORE case an example is the distinction 
team members made between ‘normal’ operators and ‘key 
operators’, and the subsequent choices. ‘Key operators’ are 
operators who every now and then need to performs additional 
activities, such as refilling toner or cleaning parts. Key operators 
get training for these tasks. This implies that team members, while 
developing ORE not only need to imagine what can be reasonably 
expected of an operator. They also have to consider what activities 
are ‘key operator’ activities; how these can be trained; what sort of 
training will be provided; who conducts the training and on. This 
fundamentally shapes choices at the level of parts and codes. As in 
Box 13 is explained later on: when it was decided that no training 
would be provided, team members had to radically reframe some 
of their ideas on ORE. 

Balancing between a seven and a ten

Source: Journal analysis (Appx.2); Team reflective practice (Appx.3); 
Interviews: interrelations (Appx.6) 
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?

intended
product

intended
product

intended
product Figure 6.4

Th e third category of problems concerns the diff erent 
criteria of team members in relation to the ‘intended’ 
system they are developing. Th e criteria guide specialists 
in their everyday work. However, the criteria diff er 
considerably among specialists, depicted by means of 
the diff erent shapes of the images.  

 6.2.4 Category four: the inherent time lag 
A fourth category of problems underlying the indeterminacy in multi-disciplinary NPD, 
is the inherent time lag in the activities of team members and what can be seen of the 
activities in the tangible world. In Box 6: ‘a situation that is not real’, some examples are 
given. What someone is doing often only manifests by means of the artifacts resulting from 
the activities. For example, a team member is aware of a problem and how he will handle 
it. However, other team members cannot see what he is thinking, or what he plans to do. 
Th ey only observe the existing problematic situation. Not until the fi rst team member 
develops his ideas into something that can be observed, or interacted with, the other team 
members will learn about his ideas.

It highlights the crucial contribution of representations for team cognition in NPD. 
Team members need see what others are doing: the activities need to be represented 
by something. Representations can be tangible prototypes, maps, models, repositories 
and so on. Or it can be written documents, emails, presentations and so on. Without 
representations, team members do not know what others are doing and what the relations 
are among their activities. 

However, the representations always lag behind what individual team members know. 
Subsequently, what can be observed as the state-of-aff airs of an NPD project is always 
lagging behind what the team members ‘know’ collectively at any given moment. Th is time 
lag showed to be a persistent problem in the ORE case. What the team members knew, 
was nowhere represented fully in an integrated model or integrated prototype. Th e models 
and prototypes deployed inside the team were always representing the collective state-of-
aff airs of some time ago. Th erefore in meetings team members often checked whether what 
they knew, saw or experienced corresponded to what other team members actually knew. 

As a result of this inherent time lag, team members not only needed to establish 
the relations between their work and those of others in the here-and-now; but also 
continuously needed to consider whether the collective work as observed was the actual 
state-of-aff airs or not. And if any changes that were under development might impact 
their work. Likewise, all team members needed to take into consideration who should be 
informed about the changes they were doing themselves and when.

On top of that, the other categories of problems also apply for the changes that exist in 
the individual minds of team members, but are not represented anywhere. Nobody knows 
if a topic is ‘lost in specialization’; a new unknown problem will be enacted, or that they 
deploy diff erent criteria. In the ORE case it is observed that sometimes team members 
articulate what they know, combine it with what others know, synthesize it and assess it. It 
requires much imagination.
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In the ORE case, the state-of-affairs that could be witnessed at 
any given time of the collective work was nowhere represented 
fully. This is an inherent aspect of multi-disciplinary NPD. Team 
members synchronize their activities by means of ‘freezing’ CAD 
models, ‘releasing’ software updates and building ‘integrated’ 
prototypes. However, meanwhile the activities of individual team 
members proceed. It is observed that often team members attempt 
to reconstruct what is known at that specific moment, i.e., what 
the ‘real’ state-of-affairs is, that mostly is hidden in the minds of 
individuals. Below examples are provided that illustrate this time 
lag.

Example 1: Assessing the actual  
state-of-affairs 
In a filmed team meeting, often team members attempted to 
verify that what they saw in the prototype corresponded to what 
other team members knew at that moment. Of interest is that 
the prototype mostly represented the work of some weeks or 
months before of all team members together. While judging the 
situation, team members inquired for additional information. At 
one moment the team members evaluated a problematic situation, 
in which a sheet of paper was in between two large modules: one 
of Océ and one of a third party. The latter module was optional, 
and there were a range of these optionals. Team members 
expected a sensor in the area, because of what they had learned 
of other modules. However, the module used in the meeting was 
somewhat different from those other modules. They discovered 
that the situation they evaluated simply would not occur: without 
explaining the details, the team members discovered that sheets 
could not jam in the specific area. A team member made a typical 
remark:
“Otherwise, we have a situation that is not real.” (14:55)
What he meant is that the team was evaluating a situation that 
could not occur when the product was finalized. However, the 
team could only establish that by combining and assessing what 
the individual team members knew! One could argue this is typical 
for inter-organizational collaboration (see Box 29 in chapter 10). 
However, in the same meeting, several times the team members 
explained each other what had changed since the prototype was 
built. Often, the prototype no longer represented what the team 
members knew collectively at that moment. In the next quote, a 
designer explains that in the prototype a handle is visible, that is 
not part of the error scenarios guiding an operator. Consequently, 
what the team members observed was not the actual state of affairs: 
there was a handle that suggests it belongs to ORE, but that was 
not included in any ORE scenario.

” You asked me: is this ORE? No: it is not. We did not design it that 

way. The engineer considered: ‘(..)a handle would be handy over 

there!’ (..) However, we did not include it in any ORE scenario.” 

(37:42). 

Example 2: Reflections of interviewees
This finding is persistent in all studies. In the interviews team 
members reflected that the time lag imposed problems on the 
team. Prototypes often did not represent the latest state-of-affairs, 
e.g., were missing some parts or lacking the latest software release. 
In this case, the value of the prototype was reduced, because what 
people had in their minds could not be validated. 
“ That was around Engineering Prototype -C. We fine-tuned it 

[software release] and adapted it, and only then we got real feedback. 

Of course, you can discuss a lot of things before that moment, but... 

Every time people will say: ‘you know: we haven’t completed it yet, 

it all will be better’. Well: that is hard to draw conclusions from. (..) 

This is quite a problem” (functional responsible embedded software). 
Many problems that are revealed in the collective work of team 
members will not appear unless the prototype integrates the 
collective work. In the ORE case, several new problems did not 
become manifest until the software behavior was implemented. 
Typically, the prototypes often included parts that were 
preliminary, lacked important details; were unfinished. Or parts 
were prototyped quickly, and therefore were not of the right 
materials or had the exact dimensions.
In short: all team members knew that the prototype was not as 
good as what they had in mind, and for some parts the time lag 
could be fairly large. As a result the prototypes concealed problems 
and relations in the team members; work that would not show 
until the time lag had diminished considerably:
“ You don’t discover it until other parts are also more reliable. If the 

front part incites much errors, you cannot judge whether the back 

part is functioning well. You don’t see it! One needs a stable front end 

to test reliably for a day, in order to find problems in the back end” 

(validator).

“A situation that is not real”

Source: Journal analysis (Appx.2); Team reflective practice (Appx.3); 
Interviews: interrelations (Appx.6) 
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 6.3 Dealing with indeterminacy: interrelating
‘Collaboration’ is about two or more specialists who create something new that none of 
them could articulate previously; nor could have created on their own (Schrage 1995 
2nd ed.: p.33). This well describes the nature of multi-disciplinary NPD as observed, 
but omits half of it. In a collaboration, not only new things are created, but also new 
problems emerge that no one oversees a priori or could have considered on his own. Team 
members in a multi-disciplinary NPD team experience an indeterminacy in their daily 
work that is quite extreme. The results of their activities have to fit together seamlessly, but 
no one oversees all relations fully. Consequently, each team member needs to establish the 
complex relations between his/her activities and those of others. 

Even though the indeterminacy is high, proficient team members can deal with it 
well in every day practice. The team members individually determine what relations exist 
between their activities and those of others, learn from unexpected events about unknown 
relations, and develop new relations. They establish these relations themselves, as they 
only can do so themselves: each individual interrelates his activities with those of others. 
The extent to which individual team members take others into account, depicts heed. 
Team members take into account what other team members consider relevant, beyond 
what the others explicitly communicated. 

The question is: how do team members interrelate their activities with those of others 
heedfully? Chapter 5.2.2 theorizes that two basic mechanisms are operating when an 
individual interrelates his activities, based on the insights of Weick & Roberts (1993):
•	 Interacting with others: seeing and experiencing the impact of someone’s acts on 

others, and vice versa. 
•	 Envisioning the system the individual is part of. 

This study is set in the context of NPD, which has features that are quite different from 
the setting of Weick & Roberts (1993) on a naval aircraft carrier. The findings provide 
additional insights in the mechanisms that are operating for NPD teams. Team members 
not only establish meaningful relations by means of interactions with others, but also by 
means of interactions with objects (chapter 6.3.1). Also it is found that for NPD, the 
envisioned system has two components: the ‘as-is’ system in the here-and-now and the 
‘intended’ system the team is creating (chapter 6.3.2).

 6.3.1 Interacting with others and/or objects
As a result of interactions, team members learn about the interrelations in their activities 
and those of others. Interactions can be with other team members and/or with objects, as 
illustrated in Box 7: ‘interacting team members in the ORE case’. 

Interactions with others
A team member observes and interprets what others do and reflects on the consequences. 
Or he notices and interprets how others respond to his activities. The interactions with 
other team members can be direct and indirect.

Direct interactions concern situations in which two or more team members act and 
respond to each other’s acts, such as in a dyad meeting (see Figure 6.5). In such a case 
a topic is discussed that concerns both team members, revealing how their activities 
on a specific topic are related. Or the team members are working closely together, 
such as sketching together, writing a document together or devising a part together. 
Simultaneously they learn what the other does; enabling each of them to interrelate his 
activities with activities of others beyond the topic at hand.
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The two basic elements of interrelating activities between 
individuals are observed in the ORE case, in many different ways. 
The elements are demonstrated by means of two examples, that 
well represent other observations. The first example underscores 
how swiftly and smoothly team members learn on the job what 
others do, and when they need them. The second example 
underscores the fact that objects include much information for 
team members that enables them to interrelate activities - even 
when the involved team members do not know each other; are 
working in different places; or are working sequentially. In Box 10: 
‘the boundary objects in the ORE case’, more examples of such 
objects are given.

Example 1: Interactions with others:  
a fifteen minute collaboration
One day I -as a designer- noticed a technical drawing of something 
like a plastic key on the desk of a young engineer that was 
recently hired. He was located in the project room, a few desks 
from where I was working. It was a drawing for a small key for 
service technicians. When conducting maintenance tasks, service 
technicians need to open the printer. When a door is opened, 
effectively the power is turned off. The key enables the technicians 
to overrule the sensors that detect when doors are opened. The 
key was a prototype builder’s idea, who devised something handy, 
which now needed to be engineered. The young engineer turned 
it into a rather technical looking part, with many ribs as he 
was concerned about the wall thickness, that impacts cost price 
(material cost and process time). I have a fondness for small, yet 
convenient details, so I offered to design the key. Unfortunately 
not much time was available, as the product was nearly released. 
So we sketched together. We spent maybe fifteen minutes together, 
until I made a sketch that we both liked. As it was a small key, I 
added a hole for attaching it to key rings for service technicians, so 
they would not lose it too easily. I arranged the ribs in such a way it 
became part of the shape. 

Interestingly, the engineer started to consult me more often, 
on other issues such as on maintenance-related activities. 
Sometimes he came with questions that were not my expertise, 
e.g., concerning molds. It took some interactions, but eventually 
he understood what kind of issues I was interested in and/or 
could help him. Stated differently: he learned what the role is of 
a product designer. Of interest is that in the few interactions this 
young engineer could interrelate his activities with mine. Thereby 
two elements were important: first, we literally worked together, 
hearing each other’s aims and considerations. And second, we 
worked with objects, like a technical drawing, a sketch or a CAD 
model. Note that I would not have noticed what he was working 
on without the technical drawing!

Example 2: Interacting with objects:  
a printer-chassis
A printer-chassis was developed by a senior engineer, early in 
the NPD project. Developing a printer-chassis includes many 
architectural choices, such as the positioning of parts and modules; 
the paper path; and even to a large extent how a product will be 
operated. The choices and considerations of a senior engineer 
were crystallized in the tangible printer-chassis. Once the team 
committed to the choices, only few change proposals in the chassis 
would be accepted: it was ‘frozen’. However, many parts that were 
to be mounted on the printer-chassis were developed much later 
time, up to years! No direct interactions occurred between the 
senior engineer and the developers involved later in time. Yet, the 
developers saw and interpreted the consequences of the choices the 
engineer made, including something as basic as where to attach 
their parts. They learned about the spatial relation between their 
activities (developing specific parts) and those of others (developing 
other parts) by means of working with the ‘frozen’ printer-chassis. 
A lot of information that was not explicated in documents, was 
derived from handling the printer-chassis in CAD, or assembling 
parts onto it in prototypes. Hence, the printer-chassis strongly 
mediated the image of the system that the team members had. 

Interacting team members

Source: Journal analysis (Appx.2); Team reflective practice (Appx.3); Cues & 
frames (Appx.4); Interplay of roles (Appx.5); Interviews: interrelations (Appx.6) 
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Indirect interactions concerns observing and interpreting the acts of others and what 
the impact is, without responding to it. This can be e.g., in team meetings, when one 
team member observes and interprets how another responds to events, and what the 
consequences are. Or a team member is aware of another working, noticing where 
he works (e.g., at a CAD station or at a prototype), what he does, and how he does 
it. Awareness of what people are doing, even without communication between them, 
strongly constitutes the expectancies one has of what the other does and what the other 
contributes (Belotti & Bly 1995; Gutwin & Greenberg 2004). This constitutes the 
interrelations team members make between their activities and those of others.

 

Figure 6.5
The two basic elements of an individual interrelating his activities with those of others. On the left an 
informal meeting, showing interactions between team members. They learn how their activities are related.  
On the right an example of interactions with objects, that are produced by past activities. It shows a 
mechanical engineer who is literally surrounded by prototype parts; artifacts not just of his work but also  
of others. He learns by means of using these objects of the interrelations in his activities. 

Interactions with objects
Team members also interrelate their activities with those with others by means of 
interacting with objects. Objects should be considered in a wide perspective as long as 
people can note it, point to it, or refer to it (Blumer 1969; Star & Griesemer 1989). 
Objects can be physical objects as prototypes; representations of not-yet existing parts as 
in CAD; group planning; reports; posters; and even brands (Stompff 2008). Interestingly, 
many of the relevant objects for an individual interrelating his activities to those of others, 
are artifacts of the work of others. The objects are produced by means of the past activities 
of others. Thus, interactions with artifacts do not concern seeing and experiencing what 
others do, but seeing and experiencing what others did. 

Even without direct interactions between two or more team members, they still can 
learn about the relations between them. The objects produced by past activities provide a 
rich source of information to establish the relations between someone’s activities and what 
the team is producing. This can be observed easily in the practice of NPD at Océ: team 
members surround themselves with tangible objects to ‘get a feel’. Engineers working 
in CAD always develop their parts in a workspace that shows all adherent parts. Team 
meetings are organized around a prototype. Skilled engineers derive much information 
about the architecture of parts and modules from a printer–chassis, enabling to learn 
about the relations of their work and those of others. 

Note that interactions with objects are discussed, and not just objects. A printer-chassis 
has no specific meaning to someone, if he does not devise parts that have a relation to 
this chassis, like a software engineer. And even for mechanical engineers, the implications 
of the tacit choices of the printer-chassis only become known to them in time after 
many interactions. For example, the challenge for the team working on ORE was the 
compactness of the printer, an irreversible choice built in the ‘frozen’ printer-chassis. 
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However, what the challenge truly meant only become known years after the architectural 
choices were made (see Box 4). 

 6.3.2 Envisioning the ‘as-is’ system and/or the ‘intended’ system
A team member subordinates his activities to the system he envisions he contributes to 
(Weick & Roberts 1993). The envisioned system is a result of prior interactions with 
others and/or with objects. In time, any team member learns how his activities are related 
to those of others, and how his activities fit within the envisioned larger system. 
However, what is found that expands the body of literature, is that for NPD the 
envisioned system has two components, because the aim of NPD is to create something 
new. Team members interrelate their activities with those of others by envisioning both 
the ‘as-is’ system and the ‘intended’ system. 

The ‘as-is’ system concerns the state-of -affairs of the team, as can be observed, often in 
the tangible world. Consider e.g., prototypes, drawings, CAD models and so on. And it 
also includes the team itself, i.e., the organization, the process, the planning, who-knows-
what and so on. Note that the focus in this thesis is content. 

The ‘as-is’ system is the larger system in the here-and-now that an individual envisions 
he contributes to, and subordinates his activities to. It is often represented by means of 
objects that are produced by means of the past activities.

The ‘intended’ system concerns what the team eventually will deliver, i.e., the product, how 
it is sold, how it is serviced and so on. The ‘intended’ system is harder to envision, above all 
in the infancy phase of an NPD project. The intended system is represented by articulating 
what functionalities the system offers, or the criteria the system should meet. And it is also 
represented by images of the eventual product; by business cases; or by use cases.

The ‘intended’ system is the larger system the team is developing that a individual 
envisions he contributes to, and subordinates his activities to. As it does not exist yet, it 
can only be represented loosely. In time, the ‘intended’ system will be produced by means 
of the collective activities of the team, including future activities. 

It is observed that sometimes team members discuss the ‘as-is’ system, sometimes the 
‘intended’ system, and fluently switch between these two. In Box 8: ‘Imagining things’ 
it is shown that imagination is required to bridge the gap between unexpected events in 
the tangible world and the envisioned systems. First, team members need bridge the gap 
with the envisioned ‘as-is’ system, see Figure 6.6. As a result of the inherent time lag in 
NPD (chapter 6.2.4), what team members know collectively is never fully represented 
in prototypes, CAD models or whatsoever. Thus, the ‘as-is’ system need to be (re-)

constructed, articulating what team members know, combining it 
and assessing it for the consequences. Second, team members need 
to bridge the gap between the unexpected event and the ‘intended’ 
system. What are the consequence of what we see for the eventual 
product? Will it be acceptable or do we need to devise a solution? 
The ‘intended’ system needs to be (re-) constructed. 

Figure 6.6
If something unexpected occurs, team members need to imagine what it means, 
establishing the relation for the ‘as-is’ system (1). Also they need to imagine what the 
implications are for the for the ‘intended’ system (2).  

Unexpected events

‘as-is’
system

‘intended’
system

1 2

Imagining relations 
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Team members envision the system they are part of. In the analysis 
of a filmed meeting an insight arose that team members sometimes 
discuss the ‘as-is’ system and sometimes the ‘intended’ system (see 
text for definitions. It requires imagination to bridge between the 
events as are observed, and the envisioned systems. Two segments 
from the critical team meeting are compared below to show how 
events in the here-and-now are bridged with the ‘as-is’ system and 
‘intended’ system respectively. 

Envisioning the ‘as-is’ system
The first segment (below) from a filmed team meeting concerns 
an evaluation the team prepared for a usability problem. They 
explained to each other what they knew individually and that 
could not be observed in the prototype before them. For example: 
what happened in previous test runs. The dispersed knowledge of 
the ‘as-is’ situation was reconstructed. Characteristically, to judge 
the ‘as-is’ situation, team members preferred to interact with the 
best available representation of the state-of-affairs: the prototype.
F Here: a heavy sheet of paper……
G Wait: what I often see is that sheets fumble up over there
J Ok, but heavy sheets of paper do not fumble, at least…
V  (..) However, if it is fumbled up, then the question is whether the 

sensor is made.
S Or is it the situation different for any other finisher? 
F Now: that is another serious problem….
S Is for all finishers the sensor before the first pinch? 
G  I really don’t know…. I think it is best if we ask M.” (13:10 – 

13:56)
Team members experimented with the prototype, but were aware 
that the prototype they saw before them was not embodying 
the complete ‘as-is’ system. For example, the team members 
questioned if “the situation was different for any other finisher”: 
the prototype was not the complete system they were developing. 
Also it is possible that it did not represent the latest state of affairs: 

prototypes always lag somewhat behind to what team members 
know and have developed. Therefore they had to articulate what 
others know: “we have to ask M.” 

Envisioning the ‘intended’ system
The second segment (below) from the team meeting concerns 
a train of thought. It seems a similar dialogue as above, but 
here people strictly talk about imaginary things that have not 
actually been devised or implemented yet. It typically concerned 
envisioning the ‘intended system’. One team member summarized 
what he had learned so far, thereby checking whether this was 
correct. The summary concerned choices for the ‘intended’ system. 
Eventually he introduced a new problem for the ‘intended’ system, 
that was concealed in their collective choices. The film still shows 
that the team members were discussing, and the prototype is 
merely a smart requisite. 
S  Ho, wait, wait, let’s go back. There is a sheet detected by the 

finisher. I cannot access it, I solved all other problems and close the 
door. Correct? (..) I close the door, but it is still detected over there. 
Now there appears [points at user interface] “Next”. (..) So I’ll 
press “Next”. I am guided from the user interface to the small flap 
for which G. will make something nice. 

F It says: “open front door, and open that small flap”.
S Right, right. I open the flap and remove the jammed sheet.
J  In that case is the sensor in the finisher is cleared [the sensor does 

not detect a sheet].
S Will we check that sensor? (51:35 – 52:20)
Of interest is that team member S. thought out loud, and gaps 
in his train of thought were filled in by others (see also Box 19 
later on). Also he pointed to imaginary parts, such as the ‘next 
button’ or the ‘small flap for which G. will make something nice.’ 
To imagine what the consequences of his considerations for the 
‘intended’ system was difficult, and this pointing and acting out 
enabled others to envision and reflect on what he was proposing. 

Imagining things

Source: Team reflective practice (Appx.3); Cues & frames (Appx.4) 
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 6.3.3 A map of an individual interrelating his activities to those of others
Summarizing, on the base of past interactions with objects and/or others, an individual 
envisions the system he contributes to, both the ‘as-is’ system and the ‘intended’ system. 
He subordinates his activities to this envisioned system, i.e., interrelates his activities to 
those of others. Th e fi ndings can be combined conveniently into one map, see Figure 
6.7. It represents an individual team member who interrelates his activities with those of 
others. Th ere are two dimensions: the vertical axis concerns the kind of interactions the 
team member has: with objects and/or others. Th e horizontal axis concerns the envisioned 
system he subordinates his activities to: the ‘as-is’ system; or the ‘intended’ system. 
Together the dimensions provide a ‘map’ that represents how an individual interrelates his 
activities with those of others. Th is map has four cells:
•	 Th e top left cell depict objects that point to the ‘as-is’ system: objects that represent the 

state-of-aff airs inside the team, as a result of past activities. Th is can be an integrated 
prototype; a ‘frozen’ CAD design; a diagram depicting the relations among team 
members and so on. 

•	 Th e top right cell concerns objects that point to the ‘intended’ system: objects that 
represent what the team is developing collectively, such as requirements, models of the 
eventual product, prototypes of interfaces, and so on. 

•	 Th e lower left cell concerns interactions with other team members that enables an 
individual to (re-) construct the ‘as-is’ system he envisions. Th is can be, e.g., discussing 
and explaining choices made so far with team members; planning who-does-what; or 
simply seeing what others are doing because they are located near. 

•	 Th e lower right cell concerns interactions with other team members that enables 
an individual to (re-) construct the ‘intended’ system he envisions. Th is can be a 
discussion on what the requirements are; what solution is suffi  cient; acting out a use 
case together; developing a persona together. 

Note that the axes are not depicting an ‘either-or’ relation. A team member interrelates 
his activities with those of others on the base of the ‘as-is’ system he envisions and also on 
the base of the ‘intended’ system. Sometimes the consequences of his choices will have a 
stronger relation with the ‘intended’ system, and sometime more with the ‘as-is’ system. 
Likewise, team members often learn about their interrelations because they interact 
with objects while simultaneously discussing with team members, such as evaluating a 
prototype, or reviewing a technical drawing.

 
 Figure 6.7

A map depicting how an individual in 
NPD interrelates his activities with those 
of others. He subordinates his activities on 
the base of the system he envisions. 
It is explained in the text.

envisioned
‘intended’ 
system 

envisioned 
‘as-is’ 

system

interact with others

interact with objects
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 6.4 Joint practice
Individual team members deal with the indeterminacy they experience by interrelating 
their activities to those of others. This is the basic mechanism that underlies alignment 
and coordination of activities at the team level. As all team members interrelate their 
activities to those of others, in time a persistent pattern emerges among the team 
members. As will be argued below, this is a joint practice.

Although team members all have their own practice, as a result of many interactions 
among team members eventually a joint practice is constructed. Practice concerns what 
someone does, and a joint practice is what team members do together. Though everybody 
has his own specific practice, all these practices are situated in the same world. Therefore 
some practices overlap after some time. In Box 9, ‘the joint practice of ORE’, this is 
illustrated. 

Joint practice can be conceptualized by means of expanding the map of an individual, 
who interrelates his activities with those of others, to two or more persons (Figure 6.8). 
Joint practice concerns e.g., objects that are used by many team members, or persons 
many team members interact with. These objects and persons are ‘part of ’ the maps to 
interrelate activities of many. Thus, these objects and persons are the junctions where 
practices become joint and provide an anchor for team members to align their activities. 
Joint practice is fundamental for dealing with the indeterminacy in multi-disciplinary 
NPD. Team members see and experience the consequences of their collective activities 
and artifacts only by means of the joint practice. 

This joining of the pieces is not done by an all overseeing team member. Rather, it is 
done by team members themselves by means of interrelating their activities to those of others. 
Each team member dynamically adapts his activities to those of others on the base of the 
system he envisions. Stated differently: he fits his activities heedfully into the activities 
of others: carefully, critically, consistently, purposefully, attentively. His activities, and 
the produced objects become manifest in the world, i.e., become part of practice. These 
enable others to reciprocally fit their activities. The activities interlock, and a joint 
practice is constructed. The interlocking highlights the dynamical and reciprocal relation 
of joint practice and individual activities. Joint practice both guides individuals to fit 
their activities into a whole, and is a result of the fitting together of all activities. The 
mutual constitutive relation may strike as odd, but is fairly common in practice theories 
(Orlikowski 2002; Argote & Miron-Spector 2011; Bechky 2011; Feldman & Orlikowski 
2011). 

The word ‘joint’ is deliberately chosen, as opposed to common. It highlights that team 
members do thing together and each team member adds his specific knowledge. Their 
activities are fairly distinctive, however their collective activities result in a jointly 
developed part, module or product. Practices become joint, when they fit together in a 
coherent whole. In the ORE case the work of many specialists together is the eventual 
‘ORE’ as implemented in the product. Their practices are ‘joint’, seamlessly fitting 
together like pieces forming a whole. Considering one or few parts, it is hard to see the 
whole: only by zooming out ORE as a unified whole can be seen and understood.
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Team 
member 1

Team
member 2

Team
member 3

Figure 6.8
Here, the map of Figure 6.7 is expanded to three 
persons. All individual team members interrelate 
their activities with those of others, visualized by 
means of three distinctive maps. Th ese maps are not 
the same and depicting in diff erent colors.
Across their ‘maps’ there are objects, or activities, 
that matters for several individual team members. 
All three interrelate their activities with these 
objects, or activities, and thus become part of joint 
practice. 
Not every object or activity of a person is relevant 
for all, nor do they have a similar meaning. Th e 
position of the ‘dots’ on the individual maps varies 
across team members. Something that represents the 
‘as-is’ system for one team member, possibly points 
more to the ‘intended’ system for another team 
member. 

Point is: joint practice concerns things, activities or events that can be observed by all. It 
does not concern what someone thinks, as that is unobservable by others. Joint practice 
concerns artifacts of the work of an individual, such as tangible parts, CAD models, 
reports, emails and so on. It includes observable activities, such as sketching, assembling 
a prototype, or arguing. It concerns events that all can witness, such as a prototype that 
breaks down, when conducting a test. In Figure 6.9 a model is shown. It shows two sub-
teams that hardly communicate, for example because the teams are spatially separated. 
Amidst the team members there is a joint practice, to which all contribute and that is 
observed and experienced by all. It enables the team members of both sub-teams to align 
and coordinate their activities, despite the lack of communication. Four constituents are 
shown, that will be discussed in subsequent sections. 

(Sub-) Team 1

(Sub-) Team 2

boundary spanning
roles

boundary spanning 
experiences

boundary objects

linguistic artifacts

Joint practice

Figure 6.9
A model that visualizes joint practice. Two sub-teams 
are shown that for some reason hardly communicate, 
e.g., because a boundary exists between their practices. 
All do activities and produce artifacts as a result 
of these activities. If these activities or artifacts are 
observable by all, they can be interpreted by other team 
members for their consequences. Some of the activities 
or artifacts become part of the joint practice, i.e., 
constitute the practice of many team members. Joint 
practice ‘sits’ amidst the team members. Four distilled 
constituents of joint practice are presented in the 
middle and will be discussed in the text.
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As described in Box 2, a boundary between the practices of hard- 
and software is found. Nevertheless, all interviewees were quite 
satisfi ed with the result of their collective work. It shows that 
activities are aligned and coordinated after all. Th ey could do so 
by constructing a joint practice, as the interviews show. All team 
members addressed similar categories of topics regardless of the 
role deployed, as shown below. It shows that even though the 
team members sometimes poorly know team members across the 
boundaries of their practices, they are well aware of the content of 
ORE.

In analysis of the interviews (Appx.6), the topics the team members 
addressed are distilled. In an emergent approach 5 distinctive 
categories of topics were found, such as printer engine related 
(hardware), or system behavior related (software). Th is resulted 
into a table in which the interviewees occupying a specifi c role, are 
compared to fi ve categories of topics. Th e fi gure below represents 
the data of the table visually, using Circos software. It shows the 
roles of the interviews, and the topics the interviewees addressed. 
A circle is shown to highlight each individual role, however, it is 
actually the same fi gure. If a segment on the left side of the circle 
is wide, it shows that the interviewees mentioned many topics. On 
the right side the occurrences that a specifi c category of topics is 
mentioned. Wide ribbons show that interviewees often named a 
category of topics. 
Without the need to discuss the fi ndings in detail, what can be 
seen is that all roles addressed all categories of topics. Th is can be 
inferred as in each circle all topics are addressed and even quite 
evenly. Even though e.g., mechanical engineers attended more 
to hardware topics and designers more to user interface topics, 
all of them discussed all categories. Th e practices may be quite 
distinctive, still they share the same world of topics that need to 
be addressed. However, they discussed these topics from their 
own distinctive framing. For example, non-designers discussed 
the user interface as a unit that explains an operator what he 
has to do. It was their interest that the error needed to be solved 
without the need to call service. Designers discussed the user 
interface quite diff erently, discussing the advantages of photos, 

abstracted drawings or small animations. Th eir interest was the way 
an operator was informed, guided and the user experience. Th e 
named topics provided a common platform, however, were framed 
diff erently by the interviewees. 

An explanation for this fi nding that all team members address all 
topics, is that team members often encounter problems that have 
a multi-disciplinary character, and need to judge an appropriate 
solution strategy spanning several specialisms. For example: 
should a rare but hard to access paper jam be solved by enhancing 
the accessibility (i.e., mechanical engineering)? Or should the 
user interface provide information so that operators will solve it 
anyhow (i.e., design)? Or should it not be solved at all, as it is rare 
and hence a service call (i.e., validator)? In time, the individual 
team members constructed a joint practice around the topics they 
worked on. 

The joint practice in the ORE case

Source: Journal analysis (Appx.2); Team reflective practice (Appx.3); 
Interviews: interrelations (Appx.6)
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 6.4.1 Boundary objects
Objects are omnipresent in the practice of Océ, and team members are surrounded by 
them in order to do their work. An ‘object’ is anything that can be pointed at, referred 
to, or what is agreed on to be an object. In the ORE case it showed that some objects are 
core in establishing a joint practice: boundary objects. The concept of a boundary object 
was introduced by Star & Griesemer (1989). Boundary objects in NPD often represent 
the collective work of specialists, and can be observed, experienced and reflected on 
by all involved. Boundary objects ‘sit in the middle’ of practices (Star 1989). Without 
representation of the collective work, aligning and coordination of activities becomes 
troublesome. How can a team member know he has a problem, if there exists no 
representation of the collective work? A definition is:

Boundary objects are a broad range of objects, observable by many team members, 
that are plastic enough to adapt to be used in distinctive practices; yet robust enough to 
maintain a common identity across practices. 

A body of literature has emerged on the topic, also specifically in relation to NPD 
(Leonard- Barton 1991; Bødker 1998, 2000; Cook & Brown 1999; Bucciarelli 2002; 
Carlile 2002, 2004; Carlile & Rebentisch 2003; Levina & Vaast 2005; Swan 2007). In 
Box 10 “The boundary objects in the ORE case” some of the boundary objects of the 
ORE case are described.  

Several types of objects are found that serve as boundary objects. In order to study the 
contribution of boundary objects in the context of Océ, the framework is used that 
Carlile developed for NPD teams (Carlile 2002). This framework categorizes four types 
of boundary objects for NPD teams: repositories; standardized forms and/or methods; 
objects/models; and maps. All these objects are easily identifiable in the ORE case, see 
table 6.1 below.

In the ORE case a fifth type of objects is discerned, that has specific qualities for team 
cognition and spanning boundaries among practices: tangible objects. These are objects 
that can be touched, seen; carried, opened, smelled, or listened to. In short: objects 
that are part of the tangible world, which discerns them from e.g., CAD models. Note 
that Carlile (2002, 2004) and others (Bucchiarelli 2002; Smulders 2006) also mention 
tangible objects, however in their discussions they make no distinction between tangible 
objects as mentioned above and more or less ‘intangible’ objects such as contracts, 
specifications, sketches, or CAD models (e.g., see overview of objects by Carlile 2002: 
p.449). However, as will be discussed in chapter 6.3.2., the bodily experience while 
interacting with tangible objects make these a distinctive class of boundary objects. 
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Th e pivotal contribution of objects in the ORE case is illustrated 
by looking at the environment of the NPD teams. It also became 
transparent in the interviews. Interestingly, even though objects are 
omnipresent, nobody mentions them explicitly for aligning and 
coordinating activities. Team members are unaware how objects 
constitute their collaborations. 

The environment 
Th e picture shows the environment in which an NPD team is 
operating. Th e arrows indicate the numerous of (tangible) objects 
that provide the natural context for team members. Th ey literally 
surround themselves with objects, putting them on their desks, 
sticking posters to the wall, placing sticky notes to prototypes (‘test 
in progress’) and so on. Th eir availability makes objects a powerful 
means to establish a joint practice: everybody can look at them, 
touch them, experience them. Apart from the tangible objects, 
team members also deploy intangible objects like CAD models that 
only exist in a shared workspace. For the team members the models 
are often as real as a prototype.

Interviews
In the interviews many objects are named, objects that 
fundamentally infl uenced their activities:

•	  All team members discussed at length what they saw and 
experienced in the integrated prototypes. Tangible objects 
and the interactions with these objects were crucial to detect 
problems in relation to ORE.

  “We actually discovered that in this specifi c situation, we could not 
access it. Whatever we tried, we could not get the sheets out of the 
‘shark’s jaw’ (main mechanical engineer) 

•	  Apart from to the prototype, CAD models or dynamic models 
of behavior were also important to align activities. 

  “H. had a really nice simulation of the paper path, with all sensors 
and how the paper is timed. So we looked at it together (..) to see if 
things worked out.” (interaction designer)

•	  Team members knew that the CAD models or simulations did 
not represent the tangible world, or even result in errors.

  “We spent quite some time solving a problem that did not exist 
after all. We were worried operators would move the paper the 
wrong direction, straight into the hot area where it could catch 
fi re. In CAD it seemed a reasonable scenario. However, when 
we tried whether the paper would catch fi re in the prototype, we 
discovered we could not move the paper in it after all (..) In CAD 
paper is a rigid, smooth object. In reality it fumbles, it tears, it 
sticks..” (mechanical engineer)

In short, objects, and above all 
tangible objects, are pivotal for 
discovering of problems, evaluating 
ideas, and proposing solutions. Even 
when team members hardly interact, 
and a boundary is detected between 
practices, objects are deployed by 
all, quite often and intensively. 
Th ey enable the team to align and 
coordinate activities. 

Boundary objects in the ORE case

Source: Journal analysis (Appx.2); Team reflective practice (Appx.3); 
Interviews: interrelations (Appx.6)
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Examples from ORE and 

other cases

Approach for assessing 

and sharing knowledge

Repositories

A shared resource of data, measures, 

or labels that provide a common 

reference point and is accessible by 

different specialisms.

CAD data base; Specifications data 
base; Change Proposal database; 
Database of reports, memo’s;  
Project definition.

Transferring knowledge in between 
practices by developing a common 
syntax 

Standardized  forms & methods

A shared and agreed on format for 

reporting progress or finding and 

solving problems across specialisms.

Progress reports; ‘Passing milestone’ 
reports; Standardized descriptions 
of functions; FMECA; Change 
Proposal management. 

Translating knowledge by 
developing objects with a ‘common’ 
meaning used within distinct 
practices.

Objects and models

A representation of the (often 

collective) work that can be 

observed and interacted with in 

distinct specialisms.

CAD models; sketches, renders, 
dynamic behavior model for 
software; models for optimizing 
print processes 

Transforming knowledge by (often 
jointly) developing objects that are 
used across distinctive practices.

Maps

An idealized representation of the 

known relations that exist between 

the work of different specialisms at 

system level.

1:1 printout of architecture; 
‘Sequence of activities’ map; 
‘assembly & logistics’ map; ‘group 
planning; ‘risk assessment’ map.

Transforming knowledge by (often 
jointly) developing objects that 
depict relations among practices

Tangible objects

A physical object that represents 

the (often collective) work that can 

be observed, interacted with and 

experienced. 

Integrated prototypes, competitor 
products, rapid prototyping 
parts, user interfaces; cardboard 
prototypes, post-its stuck to wall. 

Transforming knowledge by (often 
jointly) using, interacting with and 
reflecting on physical products

Table 6.1 
An overview of the type of boundary objects found in the cases, based on the framework of Carlile (2002, 
2004). Carlile described four categories of boundary objects for NPD: repositories, forms and methods; objects 
and maps. It is observed that tangible objects have characteristics that discern them from other boundary 
objects (chapter 6.4.2). Hence, I designated these objects as a fifth type (in grey).

In the ORE case it showed that boundary objects are a cornerstone to establish a joint 
practice. Only rich representations that provide many cues for team members can reveal 
problems in distinctive practices. Carlile concluded that only objects/models and maps 
can span complex ‘pragmatic’ boundaries (Carlile 1997; Carlile 2002: p.452), e.g., when 
large differences exist between the practices of team members. The observations of the 
ORE case support Carlile’s conclusion, as repositories or standardized forms were of 
no help to reveal ‘lost-in-specialization’ problems (Box 3) or to anticipate collectively 
enacted problems (Box 4). Individual team members, who are unaware of the relations 
between their work and that of others, do not ‘see’ these multi-disciplinary problems in 
e.g., a CAD database. Likewise, standardized methods can only reveal ‘known’ problems. 
I will not discuss these types of boundary objects. Models, maps and tangible objects are 
the building blocks for developing joint practice and thus for team cognition. Salient 
observations that are not described in literature are discussed below. Note that tangible 
object are discussed separately.
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Joint representational space
For team members in NPD it is important that they can see and experience objects 
that depict their collective efforts. An integrated prototype is an excellent example that 
represents their joint activities. However, representations of their collective work do not 
necessarily need to be part of the physical world. Sometimes accurate representations 
of their collective work in CAD represents ‘the environment’ for team members better 
than e.g., prototypes in the tangible world. Accuracy concerns whether all work of those 
involved is represented well; and if it depicts the state-of-affairs. The CAD models of 
individuals represent the latest updates, whereas prototypes often are outdated. 

Joint representational space is the artificial representation of the collective work of 
members of NPD teams

Dynamical representations
It is observed that boundary objects that dynamically depict changes in the situation at 
hand enhance the quality of the boundary spanning activities considerably. Consider 
that at Océ a CAD database is used by all mechanical engineers and many others, 
which quintessentially is a repository of models. However, if someone ‘saves’ a model 
he is working on, all other engineers who have included this model in their personal 
CAD workspace are notified. They see someone is updating his work, and they see and 
experience the impact of these updates on their work. Even if someone updating his work 
is ignorant of a specific relation with someone else’s work, the others can see it. On top 
of that, the dynamical quality of the CAD workspace enables team members not only 
to see the changes in ‘objects’, but also to infer what others are working on. Noticing 
and bracketing a meaningful change in the flux of events is a powerful cue for inciting 
thinking processes.

Interacting with objects
Objects often do not mean much, unless people interact with them and can distill the 
implications for their work. People ‘work with’ the boundary object, i.e., interact with it. 
Complex multi-disciplinary problems hidden in the collective work of many, only reveal 
when team members interact with a boundary object that represents the collective work. 
A vivid example is the ‘blind printer’ problem (Box 4) that remained hidden until team 
members stood around a prototype, and opened a door. The findings underscore the 
need that for boundary objects the focus must be on interacting with objects, rather than 
merely the objects themselves. 

Enabling swift moves
Revealing problems is one aspect, solving them is another. Conflicting aims and 
dependencies in the work only can be solved by means of joint efforts, transforming 
the problem at hand. If objects enable team members to make moves swiftly, a range of 
solutions can be developed, often resulting in better solutions. In the ORE case, it showed 
that boundary objects that disable quick moves are often not used for developing cross 
disciplinary solutions. E.g., CAD models are not swift enough, despite the fact that CAD 
models well depict relations between the work of team members. Team members deploy 
the CAD models to assess the situation at hand, but resort to making small sketches to 
solve the problem together. In that way they discover problems (adding new knowledge) 
and devise solutions (transforming what they know). Apart from sketches, other 
boundary objects that have this quality to swiftly make moves are maps, quick-and-dirty 
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cardboard prototypes; simple dynamic models of behavior, and technical drawings of the 
architecture of (main) parts and modules. 

Maps that loosely depict the relations
A specific category of boundary objects are maps: representations of the known relations 
between the work and activities of several team members. An example from the ORE case 
is provided in Box 11 ‘Mapping relations’. The development of the operator activities 
sequence map not only enabled team members to learn about the relations between the 
‘physical world’ of mechanical engineering; the ‘world of system behavior’ of software; and 
the ‘world of users’ of designers. It also enabled them to devise solutions that transformed 
the problems at hand swiftly. It enabled to ‘play’ with ideas, to reverse sequences; turn 
them inside out; to add steps. The observations underscore two aspects of maps for 
bridging boundaries:
•	 The indeterminacy inherent in NPD implies that many relations are unknown a priori, 

and therefore maps can only be finalized on-the-go or even in hindsight. Although 
maps can be drawn swiftly, the development of a map depicting many relations require 
ample time. For example, the map in Box 11 emerged while developing ORE and was 
continuously adapted while new problems and solutions were found. Although it may 
suggest otherwise, the eventual map is a representation of all that is learned in the team 
in time; rather than an architectural composition beforehand. 

•	 Maps depict relations without an overabundance of details. There is no need to 
exactly pinpoint e.g., what ‘zone five’ means for a mechanical engineer, a designer or a 
software engineer. A map is sufficient for all of them to point to things, explore ideas 
and evaluate these together, and to proceed individually after a meeting. It designates 
sufficiently what the ‘core’ idea is for involved team members, helps them understand 
what they agree on; however, provides ample space to develop subsequent lines of 
activities individually. Maps have a quality that is named as ‘the charm of the skeleton’ 
later on this chapter. 

 
 6.4.2 Tangible objects

A persistent theme in the ORE case is the reliance of team members on tangible objects. 
Above all the interactions of team members with these objects enables to span difficult 
boundaries, and interactions must be considered quite literally. This is not described 
before in literature. As is illustrated in Box 12, team members sometimes interact 
intensively with prototypes, and their experiences considerably shape the progressive 
course of activities. Team members have prototypes on their desks to ‘feel’ if mechanical 
mechanisms are working well. They hear parts break; smell motors that run hot; get 
painful knees as they sit on them to access a sheet of paper. Bodily experiences are 
important for team cognition, and interacting with tangible objects fundamentally shapes 
the activities of team members in three ways. 

Individual thinking is shaped by bodily experiences
Thinking is incited by means of our bodily experiences. Cognition arises from the bodily 
experiences one has while interacting with the world. For example, in Box 12 nobody 
started discussing how long an operator would sit on his knees in order to accomplish 
a task, until some sat on his knees and felt his sore knees. The ORE case fundamentally 
shows that our senses shape what we think; our mind is ‘embodied’ (Varela et al. 1991; 
Lakoff & Johnson 1999; Johnson 2007; Johnson & Rohrer 2007). Thinking does not 
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In the ORE case the boundary between hard- and software could 
be bridged by means of articulating and imagining the intended 
product and how an operator interacts with it. Th e resulting map 
enabled all involved to interrelate their activities. Two problems are 
identifi ed that were solved by means of this map. 

First, and particularly troublesome, was the lack of a joint 
representational space that include the physical, static world of steel 
and plastic (depicted in CAD); the invisible world of dynamical 
system behavior (depicted in documents and dynamic models); 
and the human world of operators (depicted in documents and 
sketches of the user interface). As the prototypes were not state-
of-the art, there was no representation for this complex boundary, 
enabling intelligent evaluation. Th e fundamental problem was: 
how can team members know that a problem had arisen between 
them, when no object depicted their combined eff orts accurately 
and meaningfully? 

Second, team members needed a ‘sketchy’ joint representational 
space for conceiving solutions. Once the diffi  cult multi-disciplinary 
problem was understood as described in Box 4, the team members 
needed means that enabled to develop and evaluate solutions 
swiftly and multi-disciplinary. If e.g., a mechanical problem 
exists, involved team members can resort to sketching together, to 
develop ideas swiftly. However, for the complex boundary of hard- 
and software, no ‘sketchy’ representation was available. 

In order to bridge the complex boundary, eventually a map was 
developed that depicted the relations. Th e map started as an 
overview of the required operator activities to solve a paper jam, 
and also showed the sequence of these activities. It provided the 
‘sketchy’ representational space for developing multi-disciplinary 
ideas. Alternatives could easily be sketched and quickly evaluated. 
More important: other specialists could also refl ect on the 
consequences for their own work. For instance, the steps depicted 

in the sketches related to physical 
‘zones’ in the printer, enabling 
engineers and the product designer 
to reconsider how these ‘zones’ 
could be opened optimally. Th e 
sketch enabled the software 
engineers to relate their error codes 
and error scenarios to these steps. 
Also it enabled interface designers 
to design the user interface screens 
that guide an operator. Eventually 
it resulted into a jointly developed 
sequence, depicting in one 
visual all possible error scenarios 
and activities operators had to 
perform. Th e sketch turned ORE 
into a coherent and unifi ed whole, 
integrating the work of several 
specialists. 

Mapping relations among specialists

Source: Journal analysis (Appx.2); Team reflective practice (Appx.3)
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precede activities, but is in the activities, because these activities provide many sensory 
experiences. Sensory experiences incites thinking that shapes subsequent activities. 
Rational thinking and reasoning are not autonomous from bodily capacities, such as 
perception and movement. Rather, our cognitive system is grounded in the body (Dewey 
1938; Lakoff & Johnson 1999; Johnson & Rohrer 2007).

These bodily experiences are quintessentially the same for all
The bodily experiences not only fundamentally shape what team members ‘see’, frame 
and discuss, they are also relatively the same for all team members. Their human bodies 
provide common experiences. This is pivotal for multi-disciplinary NPD. An example 
is provided in Box 3: discussing the problem of a hot motor is abstract, especially when 
it concerns legislation. However, no involved team member dared to touch the motor, 
which provided a solid anchor for negotiations. So despite the fact that boundaries 
exist between the practices of team members, moderating how they ‘see’ an object, the 
experiences they have with tangible objects are relatively the same. These experiences 
provide an anchor, a common ground, for spanning bridges between the distinctive 
practices. They enable the discussion, negotiation and transformation of encountered 
problems. 

“Truth is mediated by embodied understanding and imagination. That does not mean 
that truth is not purely subjective or that there is no stable truth. Rather, our common 
embodiment allows for common, stable truths” (Lakoff & Johnson 1999: p.6).

Tangible objects are a rich source of information 
Objects provide all sorts of cues that incite thinking, ranging from strange sounds, the 
feel of a drawer, the smell of ozone, or simply the fact that two objects are standing next 
to each other. In a filmed team meeting (Box 12) nearly half of the cues that preceded 
decisive shifts in the dialogue are attributed to the prototype that was situated amidst the 
team members. Events occurred that made the team reframe completely, regardless the 
discussion they were having before. This effect was particularly strong when experiments 
were conducted together. The focus of the team members was on the prototype, and 
unexpected events were noticed by many. Hutchins (1995) discussed ‘distributed 
cognition’ as a system of humans and their environment together. In this particular 
context of ORE the prototype should not be seen as enabling cognition; but as part of the team 
cognitive system.  
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In a fi lmed meeting, the interactions of the team members with 
the prototype showed to be particularly relevant for the ongoing 
discussion. Th e fi lm is analyzed for cues that preceded decisive 
shifts in the team meeting. Th ese are shifts when, in the middle 
of an ongoing dialogue or ongoing activities, suddenly a team 
member mentioned something unexpected, reframing the team. 
Th is lead to other activities. It is impossible to look into the minds 
of individuals, however, these shifts are preceded by particular 
events that arguably incite thinking processes. Four categories of 
cues are discerned:
•	  ‘Dialogue’ means that a team member responds to something 

that is said. 
•	  ‘Roleplay’ means that a team member respond to an observed 

events while engaging in a role play with a prototype. 
•	  ‘Prototype’ means that a team members responds to an event 

that occurs at the prototype. 
•	  ‘Unknown’ means that coders could not agree on the cue that 

incited a decisive shift.

In the fi gure the results are visualized. 

First, it shows the pivotal contribution of interactions with 
the world for the meeting, as nearly 50% of the decisive shifts 
are attributed to cues that are a result of interactions with the 
prototype: both ‘roleplay’ and ‘prototype’ concern cues that are 
observed in the tangible world.
Second, it shows the distinctive character of the two periods of 
the meetings, as far as cues are concerned. In the fi rst period many 
cues were noticed and bracketed in the tangible world, i.e., while 
conducting role play or observing the prototype. Th e prototype 
surprised team members every now and then; and the role play 
enhanced the interactions with the prototype. In the second 
period the pattern changed: most cues were a result of what team 
members mentioned. Th e prototype itself hardly ‘surprised’ team 
members anymore. Role play in this stage concerned acting out 
emerging ideas, e.g., by pointing at proposed nonexistent parts.

Embodied experiences
Of interest is that interactions with the prototype provided 
meaningful cues; the bodily experiences shaped what team 
members seemed to think and articulated:

•	  Team members had to look for sheets of paper in 
areas that were dark, inciting a remark: 

 “… we need a light over here.” (34:43). 
•	  Team members discussed the unusual sounds 

they heard when the printer started: 
 “You actually hear what is happening!” (32:41) 
•	  Th e feeling of extracting a module made a team 

member notice something had broken: 
 “Wait, wait! It is stuck!” (27:04). 
•	  Parts were only noticed when someone bended 

deeply, even laying fl at on the fl oor: 
“Wait, we have a small fl ap here! Why don’t we use 
it?
Well, that is precisely the problem: it is nearly 
impossible to fi nd it!” (25:58). 

Th is may be obvious: put someone in an uncomfortable 
position and he will frame the situation diff erently. 
If a strange sound is noted, all attention is drawn to 
it. If someone can’t fi nd a sheet because it is dark, he 
questions why no lights are included. Th is mechanism 
is amplifi ed when experiments with the prototype are 
conducted together: the attention is fully on noticing 
and bracketing cues. 

Why sitting on your knees makes you think

Source: Team reflective practice (Appx.3); Cues & frames (Appx.4)
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An intriguing fi nding is that team members are largely unaware of what incited 
thinking and how their activities are infl uenced by their bodily experiences, as 
the interviews showed. Tangible objects are much discussed, but only rarely these 
objects are mentioned in relation to the discovery of a problem as a result of their 
bodily experiences. Two notable exceptions are
“ I experienced myself that the ‘do one-two-three’ scenario made sense. 

I was doing test runs, and I had a paper jam. I open the door, see some sheets jammed 

and remove these. I close the door, and it alerts me to open the vertical transport..(..) 

Ok, I open the door, clear the vertical transport and close the door. Th en I get another 

message (..) Owww, 

I had to open another part (..) OK, I got the picture.”(architect)

“ If you developed a module with an inaccessible sheet, and every time a paper jam 

occurs they call you to solve it (..) You know, if you have to disassemble several parts 

before you can continue with what you planned to do….it is a good reason to change 

your parts (laughs)!” (mechanical engineer)

Bridging practices 
Th e team members’ experiences with tangible objects were relatively the same for 
all involved, providing a solid ground for everyone. Th ese experiences strongly 
shaped the topics the team attended to, and the activities that were deployed. In 
a fi lmed meeting, it is observed that seeing and experiencing the events at the 
prototype transformed the contesting aims. In the meeting the same problem 
was discussed twice. Th e fi rst time a team member questioned a decision. In a 
particular error scenario, a jammed sheet was visible, but only when one was 
on his knees on the fl oor. Th e team member had been sitting on his knees for 
two minutes in order to prepare this evaluation for the team. He questioned the 
usability. Although it was addressed briefl y, others were not impressed by the 
argument, as the implications could be costly. Th e problem was dismissed. Th ey 
were standing there, watching the experiment, and did not have the same bodily 
experiences. 
Yet twenty (!) minutes later, the problem was readdressed, and this time the team 
committed to the problem. By that time, all team members had been laying on the 
fl oor, sitting on their knees or bending over deeply over a door. Some expressed 
how hard it was to access some areas in this position: 
“ It is possible. But mon dieu! You really have to know where it is!” (30:09) 
Th e sequence of fi lm stills is exemplary, showing a period of less than a minute. 
Th e bodily experiences of all team members made the team reconsider the problem 
at hand, and solved it eventually. It enabled them to build bridges between the 
team members’ practices; even when they clearly had contesting aims.
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 6.4.3 Linguistic artifacts
Each practice has its domain specific vocabulary (see Box 2). When team members 
collaborate, a joint vocabulary is developed: a second pivotal constituent of a joint 
practice. Box 13: ‘when KOM becomes POC: linguistic artifacts in NPD’ gives a range of 
examples distilled from the ORE case, referring to problems, parts, solutions, roles, sub-
teams, process steps and so on. 

All these words are not merely corresponding unambiguously to a specific topic. 
Rather, it is the other way round: the words provide a label for topics and thereby 
include the many meanings the team members give to these topics. Box 2, the ‘distinctive 
practices in the ORE case’ shows that ‘ORE’ refers to entirely different things for the 
involved team members: for one it meant guiding what an operator has to do; for another 
devising system behavior for specific error codes. Yet by naming it ORE their practices 
came together, they could align and coordinate activities. Like boundary objects, these 
notions maintain a common identity across practices, however not necessarily mean the 
same for all involved. The meaning team members give to the topics seems related to the 
specific activities a team member conducts, an observation also made by Kleinsmann 
(2008: p.376). The words enable team members to agree sufficiently in order to proceed 
with activities; although in fact there is not an unambiguous agreement (Weick 1995: 
pp.119-121). The names are placeholders for a topic many team members contribute to: 
providing some guidance, but without the need to precisely describe the topics the words 
refer to. 

These words can be named ‘linguistic artifacts’ (Czarniawska-Joerges & Joerges 1991; 
Cuncliffe & Shotter 2006). They emerge as a result of team members collaborating, 
and are residues of ideas, problems and parts, labeled in such a way that they are easily 
retrieved. The words are ‘sticky’ (Heath & Heath 2007). Without a label, a problem is 
hard to refer to. These labels are a result of these meetings and activities; in which many 
things are discussed that the label refers to. These words aptly can be named ‘linguistic 
artifacts’.

Linguistic artifacts are meaningful words, deployed by many team members, plastic 
enough to adapt to distinctive meanings within practices; yet robust enough to maintain 
a common identity across practices. 

Of interest is that the artifacts are produced by previous activities, and also structure 
subsequent activities (see also Dong 2007, 2009). Labels e.g., denote distinctive 
conceptual solutions, guide team activities for a prolonged time, beyond the meetings 
where a problem was pinpointed or a solution provided. Or the labels denote a problem 
for which no solution exists yet, enabling the assignment of someone to solve it. Hence, 
language stabilizes the ongoing stream of team activities; it provides alignment and 
coordination across the activities of individuals. This mutual constitutive relation between 
language and activities is well known, and there is no need to discuss this complex and 
philosophical topic that is authoritatively developed by others (see e.g., Lakoff & Johnson 
1989, 1999; Shotter 1993; Dong 2007, 2009). It is mentioned here because NPD 
provides a specific context as ‘something’ new needs to be devised. As language concerns 
generic meanings, words are always a somewhat impoverished means to explain what this 
new ‘thing’ must be. Language lags behind the actual creation of something new: once 
something can be named it is known. Box 13 provides an example how language is both 
an artifact of team activities and guides team activities. 
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In the ORE case, a number of words are typical for the context 
of the specific NPD project. This insight struck me while 
interviewing: a word like ‘zones’ was deployed by all, yet what it 
referred to was not ‘zones’ as in plain language. Someone not part 
of the ORE team could not understand what was meant by these 
‘zones’. Words like these are deployed often; are persistent in time 
and across practices. Hence they are typical linguistic artifacts of 
the ORE case (for a definition: see text). Similarly, these words 
shape the topics team members attend to. 
Below, first of all several typical words will be presented. Second, 
an example is provided how changing one acronym for another for 
the same topic, articulates a reframing at the team level.

Linguistic artifacts in the ORE case
Both in the observations and in the interviews a range of linguistic 
artifacts was found:
•	  When specific problems were discovered they were labeled, so 

that all involved could refer to it. Interestingly, the labels often 
had a poetic quality, that gave a feel to the problem at hand. 
Examples are ‘the blind printer’ (see Box 4); the ‘emergency 
brake’ (Box 1) or the ‘shark’s jaw’ (Dutch: haaienbek) for 
denoting an area an operator had to put his hands in for 
solving a paper jam, with many tooth-like parts. 

•	  All parts got names from their owners, and the original 
namings of some parts were deployed across practices, such as 
the ‘horizontal transport’; or the untranslatable ‘frotkleppen’. 
Hence the names transcended the owner’s practice. 

•	  Solutions were also labeled, such as the ‘thumbwheels’; ‘do 
one-two-three’ (referring to a superimposed sequence of 
operator activities) or the ‘next scenario’ (referring to a button 
in the interface that enabled an operator to get additional 
information in specific situations). Even if the solutions were 
only premature and needed development, these names were 
already ‘sticky’ and gave direction. 

All aforementioned names proved to be persistent across practices 
and in time, some even more than a year after their emergence, 
such as the ‘shark’s jaw’.

Renaming ‘KOM’ into ‘POC’:  
a reframing at the team level
In the interviews a topic was highlighted by some that shows the 
mutual constitutive relation between the way topics are labeled, 
and the frames that guide team activities. KOM (key operator 
maintenance) concerned activities that a trained operator could 
do, such as replacing parts that have a limited lifespan. Developing 
KOM implied taking a stance on what reasonably could be 
expected of a trained operator. It was even more complex than 
ORE, as it not only included expectations about the operator; but 
also about the training that operators would get. 
Designers framed key operators merely as a sort of regular 
operators, who had been explained how to replace toner; whereas 
others considered that trained key operators could conduct some 
of the tasks of service technicians. This lead to friction in the team, 
as what designers wanted was perceived by others as needlessly 
expensive. In time, what was meant with ‘KOM’ slowly changed: 
“ When I started in this NPD project.. I remember well.. a KOM 

operator was a sort of service technician. In time it became a sort 

of trained operator. And, you know, on certain topics I think the 

discussion will even end that we expect untrained operators to conduct 

these tasks. It could just happen.. So, the image of what KOM is, has 

changed considerably in time, and the consequences are fairly large” 

(coach overall aspects mechanical engineering). 
Only few weeks later it was decided to reframe KOM into ‘POC’, 
another acronym referring to ‘Printer Operation Care’. It still 
concerned rare activities necessary to keep the printer running 
without the need to call service. However, there was no reference 
anymore to a ‘key operator’: the renaming showed that the 
activities were now framed as things that (nearly) anyone should 
be able to perform, with some help of e.g., manuals or the user 
interface. And without training.
The acronym POC is an artifact of this previous discussion, 
showing the watershed that emerged in how KOM was 
conceptualized. However, it also guided all forthcoming activities 
of team members by explicitly dismissing the notion of ‘key 
operator’. As a designer, I was surprised and wrote in my journal: 
“Learned today we dismissed key operators altogether. Not because 
it would enhance usability, but simply because resellers do not 
provide trainings. Better think commercial!”

When KOM becomes POC: linguistic artifacts

Source: Journal analysis (Appx.2); Interviews: interrelations (Appx.6)
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 6.4.4 Boundary events
‘Boundary events’ is a third constituent of a joint practice. These are not described in 
literature. An experience is an integrated, meaningful and demarcated event in the flux 
of events (chapter 2.2.3). Dewey (1934: pp.36-37) made an explicit distinction between 
experience, as a stream of consciousness; and an experience, which can be demarcated in 
this stream of consciousness. You can experience eating something, a remarkable meal is 
an experience. In the ongoing stream of events, some events are noticed and bracketed 
because they do not meet expectancies. They are potentially harmful to aims; provide 
opportunities not considered before; can be damaging to well being, and so on. All 
individual team members carve distinctive events out of the flux of events, however some 
events are noticed and bracketed by many, because these events are meaningful to many. 
They are an experience for all those involved, an event that is remembered and can be 
referred to. These type of events are named boundary events, because they build a bridge 
between distinctive practices, just as boundary objects and linguistic artifacts.

A boundary event can be conceptualized as a meaningful change in the flux of events, 
witnessed and experienced by many team members who collectively deal with it. These 
events become part of the joint practice, are named and are remembered. They include 
others and objects. In analogy to the definition of boundary objects,:

Boundary events are meaningful, demarcated events, experienced by many team 
members, plastic enough to adapt to distinctive interpretations within practices;  
yet robust enough to maintain a common identity across practices. 

Likewise boundary object and linguistic artifacts boundary events enable the 
transformation of existing knowledge. In Box 14: ‘You can read reports, but sometimes 
you just have to be there’, some examples are distilled from the ORE case. It concerns 
both events that are truly unexpected, such as a failing part; and it concerns orchestrated 
events in which team members are taken out of their daily routine, such as preparing 
a usability test. When a boundary event occurs, team members need to interact often, 
or have to create something together that requires sharing what they know, assessing it, 
and extrapolating consequences. Dependencies or conflicting aims emerge and need to 
be addressed. In time, what is known by team members transforms. Dealing with the 
event aligns and coordinates subsequent activities. In the case of orchestrated events it 
is justified to say that these events have a synchronizing capacity for aligning the team 
activities (Smulders 2006). Milestones are exemplary for these orchestrated events, with 
boundary spanning qualities.

The resulting object (as a finalized milestone report, a persona or a report of the usability 
test) is merely a ‘dead’ artifact of a period of many and often hectic interactions. Even 
though sometimes the aim is to create an object, it is the event of constructing such a 
object that synchronizes activities; transforms what team members know and establishes 
joint practice. Hence, I discern boundary events from boundary objects, shifting the focus 
from ‘interactions with objects’ to ‘interactions among team members, using objects’. 
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In the ORE case, some historic events are particularly meaningful 
to team members and transform what is known by team members. 
Dealing with the event aligns and coordinates their collective 
activities. First some generic examples are given, then two 
boundary events are discussed related to usability.

Examples
An example of a (large) boundary event is passing a milestone. 
Team members needed to line up their planning for activities; 
assess the state-of-affairs; make an analysis of cross functional risks; 
report; negotiate. At these moments often ‘in between’ problems 
occurred and white spots surfaced. Another example is building 
prototypes: ORE was addressed explicitly at the team level when 
the NPD team prepared building new prototypes. Team members 
became aware that no integral plan nor vision existed on dealing 
with ORE. Also the assembly of the prototype itself, performed 
amidst the team, bridged many boundaries. 

An example of a small and meaningful boundary event was 
captured in a filmed meeting. A team member broke a vulnerable 
part, while doing a role play. Team members criticized the person 
that did it: 
“now that was unnecessary hard-handed! (27:08). 
Interestingly, this failing part was not addressed in the meeting 
because it was not the topic at hand. Yet afterwards the unit was 
modified, and several interviewees discussed the broken part in 
the interviews, explaining that robustness of parts is important for 
ORE. Because the focus of so many was on this event, the failure 
of the part became a boundary event. 

Contact with clients
Usability tests function as a boundary event, because usability 
tests shift the attention of team members from daily concerns like 
technological problems to product and user. It is observed how 
several critical items already became clear in the preparation stage 
of the usability test and were improved even before the actual 
testing was conducted. Usability tests are also boundary events at 
Océ, because they are team efforts. During testing, team members 
personally observe what is going on. These observations and the 
ongoing discussions while the usability test takes place, transform 
what team members know. In the interviews often references were 
made to the personal experiences one had with the usability test. 
In the picture a team is witnessing a usability test real time. The 
ongoing discussion shaped what was discerned as ‘problematic’ or 
‘good’; and questions were asked about why team members made 
specific choices. The usability test reports did not have the same 
boundary spanning quality: 

“ You know, you can read a report  

about it, but you just have to 

be there…..you have to see it.” 

(validator) 
A similar remark was made by a 
project leader, who considered it 
important to have people in his 
decision making team 
“ who stood next to a client when we 

introduced a new product. (..)  

You must have felt that: you will not 

learn that from a report”. 

 
Constructing personas
Although personas are undoubtedly framed as a boundary object 
(see e.g., Grudin 2002), in the practice of Océ it is noted that 
the event of constructing personas is what matters for aligning 
activities. The eventual result is hardly used in everyday practice 
(see also Blomquist & Arvola 2002). Constructing personas 
enhances discussions on ‘who is the user’ and on the cross 
disciplinary implications. However, a depiction of a persona seems 
to lack a boundary spanning quality. It was striking how in a 
filmed team meeting a persona was only briefly mentioned once, 
by someone who constructed personas. Note that the personas 
in this filmed meeting were deliberately depicted next to the 
prototype!

“Sometimes you just have to be there” 

Source: Journal analysis (Appx.2); Team reflective practice (Appx.3); 
Interviews: interrelations (Appx.6)
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 6.4.5 Boundary spanning roles
Boundary spanning roles, mostly named boundary spanners, are a last constituent of joint 
practice. In general (e.g., Cross & Parker 2004; Levina & Vaast 2005), 

Boundary spanning roles refer to roles that facilitate the sharing of knowledge between 
groups that are separated by location, hierarchy or function.

Often the term ‘boundary spanner’ is deployed to discern individuals who span 
boundaries between one organization and another organization, such as in inter-
organizational collaborations. Or between clients and developers. Also boundary spanners 
can refer to individuals who span intra-organizational boundaries between functional 
units that are separated. In short: boundary spanners built bridges between two groups 
which have difficulties to understand each other. There is a vast body of literature on the 
topic, authoritatively developed (Aldrich & Herker 1977; Allen 1984; for an overview 
see Levina & Vaast 2005). These publications in general assume that boundary spanners 
belong to one of the two groups.

The ORE case was chosen for its lack of the aforementioned inter- and intra-
organizational boundaries, however, boundaries were articulated among practices (see 
Box 2). In Box 15: ‘Boundary spanners in the ORE case’ the boundary spanners that 
are found in the ORE case are discussed. In the analysis the distinction is used between 
‘nominated boundary spanners’, i.e., formally assigned roles to span a boundary, and 
‘boundary spanners-in-practice’. It is found that nominated boundary spanners not 
necessarily coincide with those persons who actually span the boundary (Levina & Vaast 
2005). Four findings concerning boundary spanning roles are not described before and 
are a contribution to the field of knowledge. The first three extend and/or mitigate the 
conclusion of Levina & Vaast. The fourth is a more fundamental insight, showing that 
boundary spanners not necessarily need to belong to one of the groups in between the 
boundary exits, however can belong to a third group.

Deference to expertise: delegating activities
The NPD team dealt with multi-disciplinary complex topics such as ORE by assigning 
the topics to persons who are part of the decision making unit inside the NPD team: 
the nominated boundary spanners. The interviews show that the nominated boundary 
spanners were hardly named, or only as someone in the background. This should not 
be interpreted negatively. Some of the nominated boundary spanners are well aware 
what expertise the topic requires and who should be involved, but do not participate 
themselves. As a result the nominated boundary spanners were rarely mentioned when 
interviewees discuss activities. It are other persons who showed to be boundary spanners-
in-practice, who have the required expertise and legitimacy to do proposals and make 
decisions. The findings show a deference to expertise (Weick & Suthcliffe 2nd ed. 2007): 
decisions are migrated to the persons with most relevant expertise in the team.

Activities and artifacts
The boundary spanners-in-practice became so by means of their activities and their 
practice, not justly because of their role. They inquired why specific choices were made 
by others, or proposed multi-disciplinary solutions for the problems, inviting others 
to review their suggestions. These proposals showed heed for the aims of others. The 
activities produced artifacts that constituted joint practice: such as the map described in 
Box 11: ‘mapping relations’. By means of their heedful activities and subsequent artifacts 
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boundary spanners show they are knowledgeable, acquiring legitimacy for participating 
across boundaries. Of course, many of the activities that have boundary spanning 
capabilities are role-related. However, for understanding boundary spanners, the finding 
puts the focus on the activities and practice of the boundary spanners, rather than on their 
(formal) role.

An interest in the eventual product
The boundary spanners in the ORE case had a profound interest in the eventual product 
and for that reason were inclined to span boundaries. Many team members develop 
parts or modules of the product that add to or subtract from the quality of the eventual 
product. The boundary spanners, in order to obtain their goals, had to discuss, negotiate 
and participate with many. They focused on the implications of technological choices for 
the eventual product. At the same time, they were aware of constraints that were relevant 
for others, such as cost price. For that reason, they tended to interact with most specialists 
constructively, discussing what was possible and co-created solutions across practices 
which enabled to span boundaries between other practices. 

Boundary spanning practices
Boundary spanners in literature are often individuals that belong to and represent one of 
the groups in between a boundary exists. The boundary is spanned because of the specific 
boundary spanning capabilities of these individuals, or by means of the construction of a 
new ‘joint field’ (Levina & Vaast 2005). 

However, what is observed in the ORE case, is that boundary also can be spanned by 
a third group. This third group does not represent one of the groups, however interacts 
with both the groups in between the boundary exists. This should not be conceptualized 
as a mediator between practices, proposing compromises. Rather, it are the activities and 
artifacts of these activities of the third group that spans boundaries. E.g., the validators in 
the ORE case were responsible for the ‘right’ product, and considered the quality of ORE 
insufficient for the product. Hence, they started inquiring about made choices, organized 
meetings around prototypes to evaluate the state of affairs collectively, and co-developed 
proposals. Just as they do for many other topics. Stated differently, it is their practice that 
spans boundaries. One boundary spanning practice is the practice of designers and will be 
discussed in depth in chapters 9.3.. 
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In Box 2 the boundary between the practices of hard- and software 
was articulated, and the same fi gure is shown in Figure 1. Th e 
fi gure shows the roles mentioned by team members in interviews as 
explained in box 2. Th e team members refl ected on what they did 
and mentioned with whom they collaborated. Th e team members 
of hard- and software hardly seemed to mention each other, 
showing a boundary between their practices. Several boundary 
spanning roles in the ORE case are distilled and are discussed 
below. First the nominated boundary spanners are discussed, 
followed by the found boundary spanners-in-practice (see text for 
an explanation). A fi nding of the inquiry are so called boundary 
spanning practices.

Nominated boundary spanners 
delegating activities
Nominated boundary spanners have a formal assignment to span 
boundaries, and in the practice at Océ this is the project leader, 
and also several functional coaches with assignments to deal with 
complex multi-disciplinary topics, such as ORE. What can be seen 
in the ORE case, is that the nominated boundary spanners are not 
the boundary spanner-in-practice. More important, it illustrates 

the eff ective delegation of 
activities to specialists.
Th is can be shown by means 
of the Figure 2, presenting two 
visualizations made with Circos 
software using the same data of 
the interviews. It shows on the 
left the roles mentioned by the 
project leader in the interview, 
discussing ORE. Th ese are roles 
that had a contribution to ORE, 
according to him. Th e segment 
of the project leader is wide, 
showing that he named many 
roles, and often. Also he addressed all roles quite evenly, shown by 
the well distributed orange pattern. In short: he knows well who 
should be involved.
Th e circle on the right depicts how often a role is named by others 
when they discussed ORE, and the role of the project leader is 
highlighted. He is hardly named by others, when they discuss 
ORE. It shows that the project leader addressed well who should 

Boundary spanners in the ORE case 

Source: Interviews: interrelations (Appx.6)
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be involved in order to develop ORE, however was hardly part of 
the activities A similar fi nding was found for functional coaches 
who also articulated the roles well, but were not named often. Th e 
activities are delegated to others. 

Boundary spanners-in-practice: roles that 
span the boundary between two practices
Mostly a boundary spanner is conceived as a role that represents 
and negotiates on behalf of one group with another group. In the 
ORE case one such boundary spanner-in-practice is found that 
belongs to one of the practices in between a boundary existed: a 
software engineer who developed the ORE system behavior. He 
was the person who “really developed ORE, actually” according 
to someone. In the interviews this software engineer discussed in 
depth the mutual relations between the world of hardware and the 
world of software. In the circle in Figure 3 this is demonstrated 
by the broad ribbon that stretches across the circle from bottom-
left to top-right, to ‘Mechanical Engineer’. Note that mechanical 
engineers seldom discussed software engineers, or the activities 
of the latter: in Figure 1 no orange ribbons ‘cross’ the boundary 
between practices. 
Not all team members were aware of his contribution, otherwise 
he would have been mentioned often as well. An explanation is 
that the activities of hard- and software are somewhat sequential, 
and hardware development precedes software development. Th is 
software engineer had the task to develop system behavior for 
ORE, and gathered information in the practice of mechanical 

engineering for his work. He interacted heavily with many others, 
spanning the boundary. However, the other’s activities hardly 
changed as a result of his activities: it concerned aligning software 
to hardware rather than the other way round. 

Boundary spanning practices
An important fi nding of the ORE case is that some roles are 
mentioned by many, but do not belong to the practices in 
between a boundary exist. Rather, it is a third practice, that in the 
development of ORE spanned the boundary between the practices 
of hard- and software. Team members interacted often with these 
roles for the development of ORE as can be seen in Figure 4. Th is 
fi gure shows team members mentioning the validator role, often 
referred to as the ‘team conscience’; representing the standards 
that ORE needs to meet. two of these boundary spanning 
practices became manifest: next to the ‘validators’ also ‘designers’ 
were equally named by both hard- and software practices. Th e 
contribution of designers will be discussed in depth in chapter 
8 and 9. Of interest is that both these roles are preeminently 
concerned about the ‘intended’ system. 
Persons in these roles were legitimate, somewhat peripheral 
participants on both sides of the boundary. Consider that the 
validator and designers participate with hard- and software 
engineers, but never develop the parts or the code itself. 
Interestingly these two roles both relate to the eventual product, 
rather than to technical functions. Th e focus and their specifi c 
practice has boundary spanning qualities for other practices.
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 6.5 Describing team cognitive processes
In chapter 6.3 the level of individual team members is discussed: emphasizing how an 
individual interrelates his activities with those of others. Chapter 6.4 discussed how 
by doing so a pattern of interrelations emerges: a joint practice is constructed among 
team members. In this section, chapter 6.5, the fi ndings at the team level are discussed, 
alongside the four team cognitive processes of the theoretical framework on team 
cognition: sensemaking, refl ection-in-action, imagining/reasoning and minding (Figure 
6.10).
First, the diff erences between refl ection-in-action and sensemaking is discussed, also 
because the distinction between refl ection-in-action and sensemaking is not made by 
others in literature (chapter 5.5.1). In the ORE case it shows that sensemaking and 
refl ection-in-action processes have characteristics that discern them clearly; and have a 
distinctive impact on the team activities (see Box 16: ‘Th e patterns of refl ection-in-action 
and sensemaking’).
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Figure 6.10 
Th e framework on team cognition as described in 
chapter 5. It is adapted from Figure 5.2

 
 6.5.1 Team reflection-in-action 

Team refl ection-in-action concerns conscious team activities in which frames are named 
that guide activities across practices, providing the boundaries of possible directions to 
explore. Several team activities can be observed, see fi gure 6.11 (Dorst & Valkenburg 
1998; Valkenburg 2000). Naming things is about designating the frame that guides 
subsequent team member activities. Even though a name precedes a frame, what a name 
is only retrospectively can be established by means of the activities. “Th e sole justifi cation 
for calling a name is when the name has consequences for the following team activities” 
(Valkenburg 2000: p.171). Th ese names are deployed across practices. Team refl ection-
in-action starts when topics are discerned that need conscious attention of the team 
members, topics for which the relations among team members are known. For the 
involved team members, ‘ORE’ was such a frame and responsibilities were assigned to 
team members. It was a topic dealt with in every previous NPD project at Océ, hence the 
relations were suffi  ciently known among team members.
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Figure 6.11
A model for the mechanism of the reflective practice 
(adapted from Valkenburg & Dorst 1998; Valkenburg 
2000). It depicts an overview of the activities and their 
relations. Naming provides the boundaries of things or 
events a team attends to. Frames provide the context for 
activities as moves and reflections. Moves are experiments, 
proposals, arguments. Reflecting concerns the activities 
for which results of these moves are considered in relation 
to the problem setting. This can result in more moves, 
or a reframing as the frame no longer seems sufficient to 
the problem setting. In the original model (Valkenburg 
& Dorst 1998) surprises are not incorporated, but as 
observed surprises are fundamental for teams, these are 
added here. Surprises incite sensemaking processes.

Within these frames moves are made, that can be conducted in meetings - like proposing 
solutions. However, moves can also be made individually, as team members work 
separately. As an example, ‘ORE’ in the case study referred to a wide range of NPD 
activities that team members needed to do concurrently in distinctive practices. Team 
members all envisioned how their activities were related. On these moves conscious and 
collective reflections were made, to see if the move met expectations. Prototypes were 
made and tested; reports were written for feedback; review session were organized at CAD 
stations. When these moves did not meet expectations, new moves were made. There 
was no ambiguity on what needed to be done, by whom, and why. The frame ‘ORE’ 
sufficiently guided all these specialists in a task that required multi-disciplinary efforts. 
For multi-disciplinary reflection-in-action, the frames should balance between (1) 
providing guidance across practices to align and coordinate activities; and (2) providing 
sufficient solution space within practices. Interviewees reflected that it was erroneous to 
pin down a preliminary solution in all sorts of details.
The process of reflection-in-action can end in three distinctive ways: 
•	 The topic at hand is adequately dealt with and no more activities are required. 
•	 The activities progress conform expectations and less and less meetings are needed to 

monitor and reflect on the progress made. Team members sufficiently know what they 
need to do individually and what their relations are. 

•	 A surprise is encountered that is unsettling: the frame deployed explains inadequately 
what happened and what to do next. The often implicit relations between team 
members collapse and a sensemaking process is incited. This is depicted in the Figure 
6.11 by the surprise on the left side, outside of the frame deployed.

 6.5.2 Team sensemaking
Sensemaking is the process that deals with the surprises concerning a problem that is felt, 
but not understood. For example when team members no longer know who should solve 
a problem at hand: software, hardware or design? The relations between team member 
activities are unclear, paralyzing current activities. However, not acting is not an option. 
Team sensemaking is an inquiry into the doubtful situation in order to once again align 
and coordinate the activities. It is about establishing new frames for progressive moves, 
because adequate frames are lacking. 



166

It is observed that the patterns in team activities diff ered patterns in team activities diff ered patterns
considerably for sensemaking and refl ection-in-action processes. 
Yet, only in hindsight it is possible to identify these processes in the 
stream of activities. Th is insight arose while analyzing my journal, 
as the fi rst example below discuses. Th e second example concerns 
a fi lmed meeting, analyzed by means of a method that enables to 
categorize and refl ect on team activities according to the refl ective 
practice (Schön 1983). Th e same patterns are articulated, however 
at another time scale. Whereas the fi rst example concerns weeks, 
the meeting lasted one hour. It seems that the patterns of team 
sensemaking and refl ection-in-action are persistent regardless the 
time scale of analysis.

Example 1: Analysis of my journal on 
team activities (several weeks) 
In the journal, two rather distinctive periods of time can be 
articulated in the ORE case: a period of sensemaking and a period 
of refl ection-in-action. 

Th e sensemaking process was incited by the doubt I -as a designer- sensemaking process was incited by the doubt I -as a designer- sensemaking process
experienced when I had to design some handles and inner covers. 
I had an idea to impose a sequential ordering, as is shown in 
the CAD screen shot. It seemed to me impossible to explain to 
an operator how to use the handles without a logical sequence. 
However, asking other team members taught me that nobody 
knew what the right sequence was. 

Th e sensemaking process lasted for weeks, and the team members 
experienced more and more doubt on what they had created 
together. Additional team members were involved as a result 
of a series of surprises. Th e problem transformed several times 
disruptively: fi rst the team sought for the implicit sequence that 
should be imposed. Th en they framed it as a safety problem, as 
erroneous operation might result in sheets of paper catching fi re. 
Subsequently, they framed it as a problem of clearing specifi c areas 
and so on. In time they eventually discovered the ‘blind printer’ 
problem (Box 4), disabling all prior developments altogether. 
In order to make sense of the situation, team meetings were 
conducted alongside a prototype; next to a CAD station or 
deploying prints. Th e problems are pointed at and discussed. 
Everybody added information he considered relevant. By proposing 
solutions to a known problem, new problems became known. 
For outsiders it may seem as if the team continuously changed its 
plans, resulting in little progress. In reality, progress could not be 
made before the problem was really understood.

In the period of refl ection-in-action, the team was collectively 
involved in solving the problems at hand, and was guided by a 
strong frame that enabled them to align and coordinate activities 
across practices. A generic concept, ‘do 1-2-3’, was agreed on, 
and was slowly developed. Several innovations were needed to 
solve the problem; and a map was developed that provided the 
joint representational space (Box 11: ‘mapping relations’). Often 
individual team members proposed solutions to sub-problems, 
and others were invited to refl ect and validate it. Th ese proposals 
rarely fi t within the boundaries of one practice; they often included 
several practices and can be named inter-disciplinary. No longer 
disruptive new problems were discovered. Also, the relations 
between team members were stabilized: who-does-what. Hence the 
team activities depicted steady progression. 

Yet, at the moment the events took place, I was never was aware 
that we were in a phase of sensemaking or refl ection-in-action. 
Considering what the team members did, there was hardly no 
diff erence observable. We tried to grasp the problematic situation 
at hand, made proposals to solve it, discussed about it and refl ected 
on it. Th e main problem only slowly became known to the team 
members, including myself. And when we hit the bottom of the 
problem (see Box 4: the blind printer), we didn’t knew it: it was 
just another surprising meeting. Retrospectively, I can pinpoint 
when the team hit the bottom of the problem, which ended the 
sensemaking process, and a more constructive phase started. 

Patterns of reflection-in-action and sensemaking

Source: Journal analysis (Appx.2); Team reflective practice (Appx.3); 
Cues & frames (Appx.4)
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Example 2: Analysis of a filmed meeting 
(1 hour)
Based on the method developed for the team refl ective practice 
(Valkenburg 2000), a fi lmed meeting was analyzed for patterns in 
team activities. An extensive explanation is provided in Appx.3. 
Th e fi rst period of the meeting had a rather diff erent pattern than 
the second period of the meeting. In the fi gures below the patterns 
in team activities are shown, by means of two small slices from the 
meeting, spanning a few minutes. Th e coding used is explained in 
Figure 6.11.
Th e fi gure on top shows that the team was making sense of the 
situation they were in; characteristic for the fi rst period. Team 
members assembled their individual knowledge and conducted 
active experiments with a prototype. New problems and surprises 
were encountered. Hence, the activities did not follow the pattern 
of Schön’s refl ection-in-action (naming, framing, moving and 
refl ecting); but seemed haphazard. Team members named things 
or problems, on which others immediately refl ected on the 
consequence from their own disciplines. Th ey questioned if the 
problem at hand is realistic, and who knew what on this specifi c 
matter. Th is period lacked strong frames that provided guidance 
for activities. Sometimes several frames seemed to co-exist, and it 

is uncertain if all team members are involved with the same topic. 
Most discerned frames were about problems. Once a problem was 
named, team members often did not make moves, but refl ected 
on the consequences: is it a serious problem? In total 25 out of 28 
refl ections (!) concerned the realism or magnitude of the problem. 
Th is part of the meeting resembles the seemingly undirected 
sensemaking process mentioned in example 1. Th e sensemaking 
process ended with a genuine team surprise, halfway during the 
meeting. Something happened that no one expected (see Box 28 in 
chapter 8), eff ectively solving the problem at hand. 
 
Th e second half of the meeting, the patterns in team activities 
followed the pattern of refl ection-in-action: naming a frame, doing 
moves within the frame, and refl ecting on these moves, or on 
the frame deployed (Schön 1983; Valkenburg & Dorst 1998; 
Valkenburg 2000). Th e scope was preeminently on solutions 
(rather than on problems) and the consequences. Will it solve the 
problem? Is it costly? Do we have enough time? Th e activities were 
more structured, showing clear team frames in which moves and 
refl ections were conducted. Th e multi-disciplinary character and 
profi ciency of the team manifested by the speed at which frames 
were established, at which moves were made and refl ected on. Any 

idea or problem that was put forward was 
evaluated across disciplines in less than thirty 
seconds; in a constructive manner. Decisions 
required hardly explanations, merely some 
labels suffi  ced (“the next scenario”) to align 
all following activities, for months!

Sensemaking process

Naming Moving Reflecting

New surprise

Surprise
Sensemaking process

No strong guiding frames,
as frames co-exist.

Activities seem haphazard.

Naming Moving MovingReflecting

Naming

Reflection-in-action process

Frames guide team activitities.
Sequence of activities follow Schön’s  re�ective practice.
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Surprise

Moving

Reflecting

Naming

Frame B

Frame A

Figure 6.12
A model for the mechanism of sensemaking. Team 
sensemaking starts with a surprise, as the existing -mostly 
implicit- frame no longer provides explanations for what 
is experienced. As this frame is often implicit, it is depicted 
with a dashed line. This implicit frame is reconstructed 
by articulating what is known among team members. 
Moves are made, such as arranging meetings, discussions, 
experiments. Team members reflect on the moves, to see 
whether the doubtful situation is understood; and new 
moves are initiated. This often leads to new surprises. 
The sensemaking process stops once a frame is named that 
guides all subsequent activities. This new frame both 
accommodates prior frames, and plausible explanations for 
the surprising events. 

Team sensemaking concerns reconstructing what is implicitly known among team 
members in relation to a doubtful situation. It requires a team effort as nobody oversees 
the situation sufficiently. The sensemaking starts (see Figure 6.12) when multiple team 
members experience doubt as a result of a surprising event. Several cues are discerned 
that poorly fit to what team members know, questioning the frame they deploy: there is 
“a pile of cues in need of some frame to organize them” (Weick 2001: p.460). This can 
be an event outside of the team, such as an introduction of a new product in the market. 
However, it is observed that for multi-disciplinary NPD teams these events are often 
enacted problems (chapter 6.2.2), as the efforts of several team members together result in 
new and unexpected relations. Ambiguity prevails; having two or more interpretations is the 
trigger that incites team sensemaking (Weick 1995, 2001, 2005).
To make sense, team members articulate what they know that might be of relevance. The 
team reconstructs:
•	 The envisioned ‘as-is’ system, including the relations between team members. What 

is relevant? Who has relevant information? Why does someone consider a problem 
relevant and someone else not? What cues are of importance? The doubtful situation 
can only be understood by acting; i.e., by explaining choices that are made; by 
pointing at things at prototypes; by conducting role plays to evaluate what possibly 
happened.

•	 The envisioned ‘intended’ system, providing the context for evaluations. Do we have 
a problem or not? Do we need to do something about it or not? By articulating the 
‘intended’ system the criteria for judgment are developed. 

Central are face-to-face meetings (Weick 1995: pp.185-187). The findings here show the 
need for accurate representations of the ‘as-is’ system, as these meetings provide rich and 
varied cues. On the moves of individuals collective reflections are made within and across 
domains, that can result in more moves, or in involving more team members. Often 
additional surprises are encountered, because team members articulate information that is 
surprising to others; or because the experiments reveal things unknown so far. 
Sensemaking ends once a new frame is named, that (1) sufficiently explains the surprises 
encountered; and (2) re-establishes the relations between team member activities: who 
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does what. The felt problem is finally understood (for an example see Box 4: ‘the blind 
printer’), enabling the team to plan activities once again and to deal with the problem at 
hand. 

 6.5.3 Discerning sensemaking and reflection-in-action
Team reflection-in-action and sensemaking are two distinctive processes in the ongoing 
stream of activities of NPD teams. It is hard to discern these processes on-the-go: if a team 
is in a process of sensemaking or in a process of reflection-in-action can be established 
only by zooming out. This distinction between reflection-in-action and sensemaking shows in 
the patterns of activities, rather than the activities themselves.

In both processes team members name the things they attend to, make moves, an reflect. 
However, in the stage of sensemaking, the moves seem to go in all directions. Proposals 
result in revealing problems that were unknown so far, rather than solving the known 
ones. Frames have a limited lifespan and several frames seem to co-exist at the same time. 
In the analysis we (myself and co-researcher) found it hard to discern guiding frames. For 
reflection-in-action a more structured pattern emerges: team members name the things 
they attend to, establishing a frame, do moves and reflect on the moves and/or frames. 
The frames can easily be identified. 

These patterns are persistent on a micro time scale of interacting team members in a 
meeting of an hour; and on a macro timescale of several weeks. In the period analyzed 
for the ORE case (example 1 in Box 16), many meetings were conducted. In one of these 
meetings that was analyzed, the patterns could be identified (Box 16), however, also across 
these meetings the patterns can be found. The first range of meetings together shows a 
typical sensemaking pattern. The appointments made in one meeting were discarded 
quickly as a result of new insights. New meetings were organized around topics that 
no one had heard of before, but that suddenly seemed troubling. The meetings often 
included relatively many team members of a range of disciplines, and were staged next 
to prototypes rather than in meeting rooms. Again it seemed rather chaotic; but this was 
necessary to establish a productive frame that re-established the relations between the 
activities. The meetings in the later period show a more calm and predictable reflection-
in-action pattern, in which the appointments that were made in one meeting, served as an 
agenda for the next. No unexpected additional meetings were required. Progress could be 
monitored even by means of email. A strong frame was operating, providing guidance.

 6.5.4  The boundary objects deployed for team sensemaking and 
reflection-in-action 
The distinction between sensemaking and reflection-in-action explains the paradoxical 
differences found between types of objects that serve as a boundary object. Sometimes 
objects need to be as accurate as possible what the team members made collectively. 
Sometimes a quick-and-dirty sketch seemed to work best. In Box 17: ‘the charm of the 
skeleton’, some examples are provided.
For team sensemaking processes tangible and accurate objects are preferred; preferably 
objects that can be interacted with and experienced. These objects often refer to the ‘as-is’ 
system. When team members sense something is wrong, they want to see, experience, 
evaluate and reflect on the best available state-of-affairs of the collective work. They 
zoom in on the situation at hand, and any detail may provide cues that will lead to an 
understanding. These type of objects provide rich and multifaceted information, that helps 
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to reveal the problem at hand and to learn about the interrelations. Information is situated: 
it ‘sticks’ to the objects and environments (Von Hippel 1994). Undoubtedly integrated 
prototypes are often best to serve this purpose, however, if the prototypes are unavailable 
or inaccurate, team members also deploy CAD models, 1:1 print outs, mock ups and so 
on. Though it is known that these things lack information, the concreteness and ability to 
interact with them is valuable to making sense of the situation the team is in. 
For reflection-in-action processes, for which interdisciplinary moves are made, team 
members prefer a different type of object: sketches, card board prototypes and ‘quick and 
dirty’ CAD models. Effectively these objects zoom-out to the ‘intended’ system. These 
objects enable swift progress, as they help team members reflect on their practices. At the 
same time these objects defy ‘closure’, as the ideas need subsequent development across 
practices. The core idea is depicted well, leaving space for team members to explore what 
it means and what to do. There is a specific quality residing in these crude sketches and 
objects for team cognition. Weick named this the ‘charm of the skeleton’, argueing that 
“there is a sense that unfinished designs have more vitality than do finished designs” 
(Weick 2004: p.43). The findings provide insights on this argument: the ‘skeleton’ of a 
good idea has a vigor and a charm that:
•	 is persuasive so that individuals can commit themselves;
•	 leaves open sufficient space for individuals to explore solutions;
•	 is sufficiently constrained so that everybody knows the generic line of thought.

For teams composed of specialists, any proposal needs further development by several 
team members. Hence, the specialists cannot guarantee an idea will work in the meeting 
at hand; defying closure. However, they can wholeheartedly commit to explore a 
promising, sketchy idea; enabling to align collaborative activities well. The sketch shows 
sufficiently what is agreed upon, the ‘big picture’, however leaves open solution space 
within practices. Teams grasp the problems they have by interacting with tangible objects, 
but solve them with rough sketches with the charm of the skeleton. 

 6.5.5 Team imagining and reasoning
A third cognitive process is imagining and/or reasoning. This helps bridging between 
events as observed and the team member’s expectations, including the envisioned system. 
The daily activities of team members in NPD are comprised of small and large surprises. 
An idea doesn’t work out; prototypes break down; other team members do unexpected 
things and so on. If a surprise is encountered, someone experiences doubt. What is 
known as a result of prior learning no longer explains the event as observed, nor provides 
guidance what to do next. In order to solve the situation at hand, imagining and 
reasoning are required. What may have caused the surprising event? Is it a problem for the 
eventual product? What are the implications for planning? Who might have knowledge 
that is relevant to explain the event as observed? What is a possible course of action 
to solve the problematic situation? All of these questions require both reasoning and 
imagination, to bridge between what is observed, and what team members know. 
Of importance is that surprises are events for which prior frames no longer suffice, and 
therefore new ones have to be developed that better accommodate what is observed. 
Imagination provides new frames and reasoning rationalizes these frames. It is the 
cognitive process of imagining and reasoning that enables to adjust the expectations 
someone has to the flow of events: a basic element for learning.
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The different objects that are deployed for sensemaking and 
reflection-in-action processes in teams are analyzed. The analysis 
shows that the boundary objects are quite different.

Sensemaking: integrated prototypes 
representing the ‘as-is’ situation
For sensemaking often boundary objects are used that represent 
most accurately the ‘as-is’ system of the collective efforts. A 
multitude of boundary objects is deployed, serving the situation 
the team members find themselves. However, often integrated 
prototypes representing the collective efforts serve best to make 
sense of a doubtful situation. The picture below depicts the 
integrated prototypes that are situated in Océ’s NPD teams. These 
are boundary objects par excellence for the ‘as-is’ situation: not 
only used for intensive testing, but also help to make sense of many 
problems that are encountered cross disciplinary. These prototypes 
are built amidst the team members, in order to detect e.g., problems 
with assembling parts. These prototypes are the heart of any NPD 
team at Océ. Team members often ‘take a walk’ to the prototype 
to see the situation at hand, even when they have extensive 
information available e.g., in CAD models. The prototypes contain 
information that can only be felt in real life, such as the ‘sturdiness‘ 
of a part; or the available space for a new part. 

Because the prototypes are expensive and take considerable time to 
built, they are never fully representing the latest state-of-affairs of 
the collective work. In the ORE case, the team took considerable 
measures to keep the integrated prototypes updated as far as 
possible. It was considered pivotal for aligning the activities of such 
a large team. Apart from the integrated prototype also mock ups 
are used; CAD models, dynamic models for behavior, 1:1 printouts 
of the lay out and so on. It is essential that these object include 
as much as possible of what is known, including all seemingly 
irrelevant details. Some seniors mentioned that the state-of-affairs 
of prototypes shape the topics the team is working on. 

Reflection-in-action: “a little sketch will 
do”
Often ideas were co-created by two or more team members. These 
ideas got a name that sticks such as the ‘next scenario’. Often 
preliminary, crude sketches are used to explain the core idea. For 
the team members at that moment a naming and/or a small crude 
sketch proofs to be sufficient to align activities, having the charm 
of the skeleton. These sketches show the core idea of a solution, but 
the solution itself needs to be developed by several team members 
subsequently. The sketches seem crude, but depict rightfully what 
team members at that moment agreed on and are sufficiently to-
the-point so that everybody ‘gets the picture’. These sketches still 
leave sufficient open space to explore possibilities within practices. 
In the interviews it is mentioned that 
“a little sketch will do” (mechanical developer)
to align activities. While one team member needs the sketch in 
order to make e.g., calculations, the other needs it for engineering 
parts. However, it is underscored that the sketches must leave 
open solution space for each to do their activities, to defy closure. 
On the left a sketch is depicted that was made after a range of 
meetings that included six specialists, of an important problem that 
concerned them all. Team members eventually found a solution, 
that was captured by this sketch.

The charm of the skeleton 

Source: Journal analysis (Appx.2); Team reflective practice (Appx.3); 
Interviews: interrelations (Appx.6)
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As discussed in chapter 6.3.2, team members need their imagination to establish relations 
between events in the here-and-now and the ‘as-is’ system and the ‘intended’ system. 
Interestingly, it is also observed that team members sometimes (1) need to settle what 
is known of the ‘as-is’ system collectively, in order to (2) infer the consequences for the 
‘intended’ system. This is named ‘2nd order imagination’, see Figure 6.13.

There exists no prototype, CAD model or other representation that sufficiently 
represents the ‘as-is’ system at a specific moment. Team members need to articulate, asses 
and combine what they know collectively in order to imagine what the ‘as-is’ system is. 
Only when that is sufficiently dealt with, can team members imagine and consider the 
implications for the ‘intended’ system on the base of extrapolating the imagined ‘as-is’ 
system. What are the consequences for the eventual product, now we sufficiently know 
what the ‘as-is’ system is? Consider a fragment of a filmed meeting. It shows an argument, 
in which something that is said (“the sheet is ‘fumbled up”) incites an idea. It proves that a 
problem the team is afraid of will not occur in the ‘intended’ system. 
 

 Designer 1   The sheet of paper is fumbled up. It is not so far in the unit, so there is a fair chance it will 

  not tear.

 Designer 2 Why do you say that? This troubles me, as the finisher [module] is at quite a distance. It won’t   

  start fumbling, until it encounters a pinch that is not running.

 Designer 1 This one will keep running for a prolonged time. It will spool out the sheet over here, and sheets  

  will be fumbled. 

 Designer 2 What I mean is: the module will keep running until the sheet is out, and the sheet won’t come to a  

  standstill against the pinch in the finisher [at some distance]

 Validator 1 Yes, but before that pinch is a sensor. In that case you can solve it in the finisher.

 Designer 2 Exactly.  

 Validator 1  (..) If it is right what you say, and the pinch is not running and the sensor is before…it sounds   

 quite realistic what you say.  (28:11 – 28:40)

 
The team members took two steps. First, it was argued that the module would keep 
running until the sheet is completely out. It would come to a standstill at a next pinch, 
and fumble. Than someone added some information: ‘before that pinch is a sensor’. They 
did not actually see this: this is extrapolation of what they collectively know of the ‘as-is’ 
system, it is ‘reconstructed’. Subsequently they extrapolated the consequences for the 
‘intended’ system, and understand that the situation they evaluated would not occur in 
the eventual product. 

Figure 6.13
An adaption of Figure 6.6 to show 2nd order 
imagination. Figure 6.6 visualizes that the consequences 
of unexpected events need to be imagined for the 
‘as-is’ system and for the ‘intended’ system. However, 
sometimes first the ‘as-is’ system needs to be reconstructed 
collectively (1st), because it is not represented well. Only 
when that is done sufficiently, it is possible to see the 
consequences for the ‘intended’ system (2nd). 
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 6.5.6 Minding
The fourth cognitive process in team cognition cannot be observed by means of explicit 
communication in the teams. In ‘normal’ periods of NPD, team members can progress 
without much communication because the relations between them are sufficiently known: 
team mind is operating. Team members are minding the flux of events. 

However, this lack of communication does not mean that team members do things 
automatically, routinely or without much thought. It is observed that often -but not 
always- they attentively mind the flux of events and act responsively and with heed in 
the many situations they encounter –including unexpected ones. Their style of activities 
depicts care, purpose, consistence, attention; they take into account others and the 
context (Ryle 1949; Weick & Roberts 1993; Weick & Suthcliffe 2nd ed. 2007). 
To show the distinction between action while minding the flux of events; and action 
without minding the flux, consider the differences between Box 1 (chapter 3) and Box 
3. In the first, some team members find it hard to understand each other practices, 
however, sense that likely in their collective work a problem resides and they start acting 
accordingly. In time, and by combining the knowledge of many, a serious problem is 
discovered. However, in Box 3: the team members did their task, but did not notice that 
amidst them a problem was enacted. However, when a prototype broke down they could 
immediately pinpoint the problem. They were acting automatically, without heed and 
without paying attention to the relations between them. 

Minding in general is about “the quality of attention” (Weick & Suthcliffe 2nd ed. 
2007: p.32): team members are aware of context, of the ‘as-is’ system and the ‘intended’ 
system, of the relation between their activities and those of others. When team members 
no longer know the relations between their activities and those of others, many glitches 
are prone to occur because many errors are enacted on the go, due to a lack of minding 
the flux of events. ‘Glitches’ are costly errors because knowledge was not shared inside 
NPD teams (Hoopes & Postrel 1996). Three interesting insights emerged from the 
findings in relation to minding inside multi-disciplinary NPD teams: how individuals do 
inter-disciplinary proposals and how team mind emerges. These are discussed below.

Individual interdisciplinary moves, collective reflections 
Many encountered problems in NPD are not expected. Only individuals can notice 
and bracket these problems, yet the nature of the problem requires the consideration 
of implications across practices. Solving these problems also requires that individuals 
consider solutions that no longer fit their practice. Team members consider for instance 
if a specific problem best can be solved by themselves, or better by another specialist. In 
Box 18: ‘thinking aloud, interdisciplinary moves in the ORE case’, this mechanism is 
discussed. 

Note that I discuss inter-disciplinary moves, as opposed to multi-disciplinary moves. 
This emphasizes that individuals do proposals that incorporate knowledge of several 
specialists. Doing proposals that cross boundaries only can be effective if the proposals of 
these individuals already comprise much knowledge of the other practices. His ideas or 
problem will only have a follow-up, if the team collectively accepts the inter-disciplinary 
moves. What is observed is that in the ORE case the involved team members often cross 
their practices, fluently and without offending others. In order to name problems revealed 
in the collective work, someone must take the lead and name the problem, including 
the assumed consequences for other practices. Similarly solutions are named that cross 
practices. 
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What is particularly interesting, is that team members often ‘think aloud’. They speak 
out what is on their mind, and others fill in the gaps, underscore what is said; or merely 
support his argument in order to go on. Thinking aloud enables collective thinking. Just 
like tangible prototypes enable team members to see and experience something together, 
thinking aloud creates a ‘train of thought’ that is reflected on by several team members 
together and simultaneously. Only individuals can conceive and propose moves that cross 
boundaries across practices; however the team reflects on it.

If someone develops and implements a part that has implications for other but of 
which the team is unaware, the activities become disjoint, lack heed and reduce the 
quality of the eventual product. An interviewee named these “implicit decisions (..) that 
undermine the eventual product”. 

Psychological safety
It seems that team members proposing interdisciplinary proposals, need to feel sufficient 
psychological safety. (Edmondson 2003; Edmondson & Nembhard 2005; van den 
Bossche et al. 2006). Trust is required for individuals to articulate proposals beyond their 
formal roles; disagree with others, or even ask seemingly unintelligent questions without 
the fear of being ridiculed. This not only enhances team learning, but also provide 
cues for others not considered yet. Below an example is provided. A question is asked, 
whether someone hears if a sensor is made, to the amusement of others. He was the only 
one unaware of a small LED light that indicates when the sensor is activated. However, 
this naming of the ‘small light’ incites another discussion that is valuable for progressive 
activities. Valuable cues can come even from seemingly unintelligent questions.
 

 Designer 2 You hear whether the sensor detects a sheet?

 Validator 2 No. You can see that with the small LED light.

 Engineer 3 There is light over there.

 Designer 2 There is a LED over there…..cool.

 Validator 1 Yes. They are quite handy these LED’s … (laughter)

 Engineer 3 Is that one cleared on the door anyway?

 Validator 2 The behavior of the LED’s is not specified (..) (18:34 – 18:49)
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In the analysis of my journal it struck me that often team members 
notifi ed others of a problem, that essentially required much 
knowledge of the other practice. E.g., team members warned 
me as a designer if they thought my aims were at stake. Likewise 
sometimes solutions were proposed that showed ‘designerly’ 
considerations; such as usability. Th e involved team members 
intelligently made interdisciplinary moves.

Taking up other roles
To validate this insight, a fi lmed meeting was analyzed and a 
comparison is made between the formal roles of the team members 
and the observed roles (see Appx.5). Below a visual is provided. On 
the left side the three formal roles are depicted. On the right side 
the detected occurrences of an observed role are shown. Th ere are 

four roles observed: apart from the three involved formal roles also 
a process interventor role is identifi ed. What these roles are, are 

described in Appx. 5. If a segment on either side is wide, this role 
relatively often is identifi ed in the analysis. A wide ribbon depicts 
that persons in a distinctive formal role, often played a specifi c 
observed role. 
What can be seen is that team members are de facto mostly 
‘playing’ their formal role, above all designers and engineers. Also 
team members take other roles, apart from their formal roles. It is 
normal that team members name problems or propose solutions 
across domains, thereby de facto acting in another role. Th is hints 
that it is culturally accepted to go beyond the formal role: team 
members accept that others explore problems and solutions beyond 
that formal role.

Thinking aloud
Th is switching of roles is done fl uently, sometimes even in a 
monologue. Th e meeting showed the contribution of what can be 
described as ‘thinking aloud’: a situation in which a team member 
spoke out what he considered, reasoning out the consequences on 
the go. Crucial is that others fi lled in the gaps; or underscored what 
he says. In Box 8, already a illustrative example was provided by 
the train of thought someone proposed. Th e example below also 
shows this: essentially a monologue of one person who is formally 
a validator. Without explaining the content in depth, he took 
other roles in account without off ending others. Th ey responded 
to his ‘if..then’ argumentation, enabling him to come to the point. 
He hinted at a serious problem, by dropping a long meaningful 
silence, eff ectively returning in his validator role. Th e ‘validator’ 
bridged the disciplinary borders in order to put forward a problem 
in his own specialism. Th inking aloud enabled the discovery and 
solving of hitherto hidden problems in the collective eff orts, in a 
meeting. Someone took the lead by explaining what was on his 
mind, and hence a cross disciplinary problem could be dealt with 
across practices. 

Thinking aloud: interdisciplinary moves

Source: Journal analysis (Appx.2); Interplay of roles (Appx.5); 
Interviews: interrelations (Appx.6)
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Formal role Observed role 

Validator Engineer OK, it (sheet of paper) can be stuck there. In that case it is –let say –  

  x cm’s in the FS (module)?

Engineer  Engineer Yes

Validator  Engineer In that case it is not in the pinch of the FS..?

Engineer  Engineer Exactly

Validator  Designer Pulling out horizontal [part of paper path] is in that case….without  

  opening turn [other part] ….it is not possible

Validator Validator (silence).

Engineers
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Designers
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Development of team mind
Team mind is developed automatically as a result of interactions. All team members 
learn on the go what their relations are, and the pattern of interrelations is therefore 
continuously developed and adapted. The nodes of this network are provided by the joint 
practice. The emergence and development of team mind in the ORE case is demonstrated 
in Box 19 below. Several mechanisms are distilled that constitute the development of team 
mind:
•	 Small iterative steps with many interactions 

If the activities of team members are tightly coupled, as in the ORE case, the work 
of one team member directly impacts that of another. Knowledgeable interviewees 
(seniors) mentioned that in those situations they preferred small, iterative steps, 
that they reflected on collectively. They knew it resulted into steady progression and 
reduced the chance that new problems would be enacted. Large steps could easily 
result into glitches. 

•	 Envisioning the ‘intended’ system 
Team members who find it hard to understand each other’s practices, collaborate via 
imagining and discussing the tangible, real world consequences of their activities. 
Rather than discussing technology, functions, parts, code or modules; they discuss 
how their work manifests in the eventual product. Focusing on product transcends 
the realms of these practices and team members learn what the relations are in their 
work. It is observed that this is done by means of thinking aloud, sketching, pointing 
to imaginary parts and role play. Team members deploy anything that possibly can 
represent ‘what is on their mind’ in order to discuss it with others, but thereby also 
they themselves make sense of what is on their mind. Schön (1983) discussed how 
sketching enables a ‘back-talk’ with the situation. The sketches enable to reflect on a 
move made. Likewise for teams, team members propose things in the common world 
in order to have a collective ‘back talk’

•	 Dynamical representations observable by all 
Mind is conceptualized in this thesis as observing (‘minding’) the flux of events in the 
environment and notifying changes in this flux that seem to be endangering our well 
being in the world. Hence, for team mind it is also pivotal that changes in the collective 
activities can be observed and noticed. Stated differently: team members need to see 
the changes in their collective work dynamically. Team members need to have access 
to representations that include their work and that of others. And for developing team 
mind it is best if (1) these joint representations depict dynamically the changes in their 
collective work. This enables individuals to learn what others do and to interrelate their 
activities. And (2) these representations provide rich and varied cues. 

•	 Inclination to cross boundaries between practices 
Team members need an inclination to cross the boundary, in order to (re-) negotiate 
the relations with others. This is not as obvious as it may seem: it requires (1) trust 
in a team that allows team members to do so. It requires (2) commitment of team 
members to ‘think beyond’ their formal tasks to include considerations of other 
practices; to inquire about other practices. And it requires (3) an organizational culture 
that endorses learning on the job without punishment of errors (see also Ahmed 1998; 
Orlikowski 2002: pp.263-265; van den Bossche et al. 2006).  
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In the beginning of the ORE case, team mind was underdeveloped. 
The problems seemed merely a matter of straightening things 
out, however, slowly the involvement of many team members was 
required. In time, when the team mind developed, the number 
of meetings reduced, even before ORE was finalized: team mind 
developed and below this mechanism is described.

A software engineer who considers the 
impact of operator behavior for the 
printer-chassis
When ORE was causing doubt, team members had many 
interactions, in dyads, triads, team meetings or when helping each 
other experimenting at available prototypes. They became aware of 
many problems and these problems were collectively solved. In this 
process team members learned what matters for ORE and what 
matters for other team members. They started to interrelate their 
activities, also in relation to the ‘intended’ product. I wrote in my 
journal: 
“ he [the embedded software engineer] extends the framing of ‘the-

operator-does-what-he-feels-like-to-do’. So he considered: why 

would an operator not pull out the HT unit, if it is still blocked 

[by a jammed sheet of paper]. He already discussed and agreed with 

[mechanical engineer] to change the chassis somewhat, so that it is 

impossible that sheets will block this transition.” 
The embedded software engineer framed his work strictly from the 
perspective of technology. He developed error scenarios, in which 
he required an operator to perform activities at the right moment; 
and at those moments only. While interacting with others, he 
learned that it is possible that operators often do things as they 
please, in random order. He reflected in the interviews that 
“ actually it is very logical once you see it…(..) but this consideration 

did not arise before I interacted with designers” (software engineer). 
He extrapolated the consequences of this position in his own 
specialism far beyond what was discussed so far. He pinpointed 
additional problems others were unaware of and changed his 
contribution accordingly. However, of even more interest: he 
also understood what other specialists had to do in this new 
doubtful situation, including mechanical engineering. In short: 
he interrelated his activities with those of others carefully and 
purposefully. 

Interviews: developing team mind
In the interviews several constructive factors were mentioned that 
enhance development of team mind. 
First (1), team members learned what others consider relevant by 
interacting with them. Some proficient team members organized 
(nearly) daily meetings with others concerning their work: 
“ These are people who consider if they should ask others if there 

are more aspects involved. Persons who wonder if others have 

recommendations. Who ask others to have a look at what they made. 

(..) He made a cardboard little…thing…, and asked others to look at 

it. To try to refute the concept he has” (validator). 
Of importance is that these dialogues are open minded: they are 
not to inform nor not to report progress, but to ‘think together’. 
An engineer with thirty years of experience expressed that he did 
no longer believe he could understand everything, so he liked to 
interact often with others, of other disciplines. He easily crossed 
boundaries making quick and dirty cardboard prototypes: if it 
seemed smart to change the environment, he argued one should do 
so. This requires that one can ‘see’ and experience the environment, 
and that individuals can make cross comparisons heedfully. 
Second (2), representations are needed that can be observed and 
experienced by many, such as the cardboard model mentioned 
above. The pitfall of young team members is not that they lack 
knowledge of their specialism, but that they sometimes do things 
alone, and what they do cannot be observed by others: 
“ The problem was, he sat behind his CAD station, he was devising 

things all by himself, reasoning it all out in his mind. Probably 

he even slept badly from it. (..) from the first moment someone is 

assembling his parts, you know: this is not going to work” (validator).
Third (3), as ORE is complex, team members resort to taking small 
steps and continuously validating together with others whether 
it is solving the problems at hand, or introducing new ones. This 
mechanism enhances gathering and sharing of information and 
learning and reducing the risk of introducing problems that can 
hardly be undone. If the functional interactions with the context 
are large, many iterations are required. 
“ In that period, it is a really fast game. Those distinctive phases of 

development, construction, engineering… Yes, we did that loop nearly 

every day.” (mechanical developer)

The emergence of team mind 

Source: Journal analysis (Appx.2); Interplay of roles (Appx.5); 
Interviews: interrelations (Appx.6)
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 6.6 Conclusions
In this chapter many insights on team cognition are distilled from the practice of NPD at 
Océ. Several new insights extend the theoretical framework and the field of knowledge. 
An overview is provided below and requires revising the framework in the next chapter. 

The extreme indeterminacy in NPD
Individual team members in multi-disciplinary NPD experience an extreme indeterminacy, 
for which four distinctive cause are found. Two of these stand out, as these somewhat 
oppose the widespread perspective of NPD as rational problem solving.
•	 New problems and opportunities are enacted that nobody foresees  

Team members make many choices. However, the choices shape all subsequent 
activities, as these constitute the problems and opportunities team members encounter, 
even years later. The team members produce their own environment and the problems 
they face. 

•	 The inherent time lag in NPD teams 
There is a gap between what is known by the individual team members and what can 
be seen by others by means of representations. Many problems and/or solutions only 
exist in the mind of individuals, working on it. However these are unknown to others. 
Team members attempt to establish if what they see by means of representations is the 
actual state-of-affairs or not. 

How individuals deal with the indeterminacy 
Individuals deal with the indeterminacy by means of interrelating their activities to 
those of others, to fit it into the larger system they envision. What is new to the field of 
knowledge is:
•	 The larger envisioned system concerns the ‘as-is’ system and the ‘intended’ system 

The ‘as-is’ system concerns the state of affairs of collective activities, and the ‘intended’ 
system concerns the eventual system the team is developing, most of all the product. 

•	 Interrelating activities by means of objects 
Team members can establish the relations in their work with the activities of others, 
even without meeting or knowing each other. Team members learn to interrelate their 
activities not only by means of interacting with others, but also by interacting with 
objects that are artifacts of the activities of others. 

Joint practice
Alignment and coordination in activities of team members need to be attributed to 
the joint practice team members share. Several insights are contributory to the field of 
knowledge:
•	 Boundary events 

These are meaningful events experienced by many team members that required 
collective interpretation. This constitutes joint practice. 

•	 Interacting with boundary objects 
Team members showed to be unaware that interacting with tangible objects strongly 
shapes the topics they attend to and the choices they make. Tangible objects are an 
important source for aligning activities in NPD, because the bodily experiences the 
team members have are relatively the same.



179

•	 Boundary spanning practices 
Some team members have boundary spanning capabilities without an assignment to 
span boundaries, because their practice bridges two practice in between boundary 
exists.

Team cognitive processes 
Several cognitive processes are described, and each of these processes showed to have 
distinctive characteristics. 
•	 Above all the process of sensemaking provides many new insights for NPD 

Sensemaking is dealing with surprises that lead to ambiguity. Ambiguity is inevitably 
linked to multi-disciplinary NPD as specialists have distinctive framings. Sensemaking 
requires other methods, as will be discussed next chapter. 

•	 Sensemaking and reflection-in-action are distinctive processes 
Reflection-in-action follows the ordered pattern of naming frames, moving, and 
reflecting. Sensemaking seems a more haphazard process to deal with surprises, 
however has also its own logic in order to establish a new frame that guides subsequent 
activities.

•	 Sensemaking and reflection-in-action require distinctive objects 
Whereas for sensemaking the most accurate representation of the ‘as-is’ system is 
required, depicting the collective efforts, for reflection-in-action sketches, post it 
notes or maps that loosely depict relations are needed. These have a character which is 
named ‘the charm of the skeleton’. 
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Chapter Team cognition: a new framework

Synthesis

This chapter provides the conclusions of part 2: understanding team 

cognition in NPD. The theoretical framework and the empirical findings 

are synthesized in a new framework for team cognition. Several team 

cognitive processes are identified and will be discussed. The framework 

uncovers the mechanism that links the level of (inter-) acting individuals 

and the often implicit alignment and coordination at the level of the 

team. Team members produce a joint practice by means of their activities, 

and reciprocally the constructed joint practice provide guidance to their 

activities. 

7
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In chapter 5 a preliminary theoretical framework is described on the base of literature. 
In chapter 6 the fi ndings of a range of studies are presented, resulting in many insights. 
Together, these two enable revisioning the framework on team cognition in the context of 
NPD, and synthesizing theory and observations into a unifi ed whole. In this chapter the 
new framework is presented and main insights are discussed. Figure 7.1 shows how four 
insights are incorporated in the theoretical frame work on the base of the fi ndings, and 
the insights will be presented in depth. 

Team
Mind

?!!

Team
Consciousness

do waitvalidate validate monitorsurprisesurprisesurprise

Environment
Flux of events in time

Joint representational space: flux of events in time

∆T

Envisioning
‘as-is’ system & ‘intended’ system

Reasoning
and/or

Imagining

Reasoning
and/or

Imagining

Sensemaking

Reflection-in-actionMinding

1

2

4

The envisioning of 
the system is incor-
porated. It is visuali-
zed dispersed:  the 
team members have 
distinct images. 

Team mind is no 
longer conceptuali-
zed as the pattern 
of relations among 
team members. It is 
depicted as a 
network of team 
members and the 
constituents of joint 
practice.

A layer is added: 
joint representational 
space. It concerns 
representations that 
can be observed by 
all, inherently ahead 
in time of tangible 
world consequences. 

Insights

3

The team cognitive 
processes are 
understood and a 
logical sequence is 
discovered. 

Figure 7.1  
A new framework on team cognition, based on the theoretical framework as described in chapter 5. It includes 
3 modifi cations compared to Figure 5.2: no. 1, 3 and 4. All insights are described in the text.

Th e fi rst insight that lead to an adaptation in the framework, is that ‘envisioning the 
system’ is included. Expectations shape what is noticed and how these expectancies 
emerge in teams will be discussed in chapter 7.1. A second insight is that a rich 
understanding has emerged on several team cognitive processes that will be presented in 
chapter 7.2, namely on minding, sensemaking and refl ection-in-action. It is discovered 
that these cognitive processes have a natural sequence.
Th e third insight concerns insights how team mind is conceptualized, as will be discussed 
in chapter 7.3. It is also visualized diff erently here: as the pattern of relations between 
team members and the constituents of  joint practice.
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Th e fourth insight, on the lower side of the framework, concerns that another layer of 
reality is included. Team members not only see and experience events in the tangible 
world, they also see and experience events in the world of representations. Hence, a layer 
is added named joint representational space as it concerns those representations that can 
be observed by all. In chapter 7.4 the relation between sociological levels is discussed for 
team cognition: how the level of individuals is linked to the level of the team. Below, in 
Figure 7.2 an overview of this chapter is provided. 

Re-conceptualizing 
team mind                 (7.3)

Envisioning
the system                (7.1)

Understanding team 
cognitive processes   (7.2)

Integrating
models in 
a unified whole

               (7.4)

A new 
framework for 
team cognition

Figure 7.2 
An overview of chapter 7.

 7.1 Envisioning the system
An adaptation of the theoretical framework on team cognition is that the envisioned 
system is included (see Figure 7.1). Following Dewey (1934, 1938) and Ryle (1949), 
cognition is conceptualized as the underlying mechanism that explains coherence, 
coordination, care and purpose in activities whilst interacting with the fl ux of events. 
Meaningful events are noticed and bracketed on the base of expectations, that guide what 
cues are discerned; what is considered problematic; and what solutions are considered 
suffi  cient. 

 7.1.1 The envisioned system: a mosaic
For individual team members in an NPD team, their expectations are infl uenced by 
the envisioned system they conceive: they interrelate and subordinate their activities to 
it. Th e system they envision includes both the ‘as-is’ system and the ‘intended’ system. 
Th is envisioned system cannot be observed directly, rather it becomes manifest in the 
activities of an individual and in the artifacts of these activities. Th e care, coherence and 
heed in an individual’s activities unveil the system he envisions, which surfaces in showing 
intelligence in matters as whom to involve, or taking into account considerations of 
others. 

As individuals interrelate and subordinate their activities according to their individual 
envisioned system, inevitably also problems occur in the team. Th e expectations of team 
members vary considerably as these are a result of prior learning and experience, including 
their educational background and working history. Although two or more persons observe 
the same objects and the same fl ux of events, they notice and bracket diff erent cues and 
interpret things diff erently. What is a surprising event to one, might correspond with 
expectations for another. And what might be a surprising event to most of the team 
members might go unnoticed to one team member, who is the only one witnessing the 
event. For example, an interviewee explained that those involved in the construction, 
assembly and maintenance of prototypes did not report errors in the ORE scenarios as 
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developed. These team members simply did not see and experience what was considered a 
problem for others:

“(..) he is the one who spends most time at the prototype. At least of our team. Well he 
knows far too good where a sheet is jammed. He ignores all information and just opens 
the flap on the left, the door….and so on.” (function responsible software)

Still, at the team level activities grow in time from unaligned, requiring much coordination, 
to seamlessly integrated. More and more coherence can be found in what is considered 
a problem that requires attention, or what is considered a sufficient solution. And just as 
individual acts and consequential artifacts reveal the individual system that is envisioned, 
also the collective acts and artifacts of the team reveal the team level envisioned system. It 
does not exist completely a priori: it is shaped and refined simultaneously with developing 
the product. Hence, the envisioned system is (re-) constructed constantly, dynamically 
adapted as a result of learning. The envisioned system both guides activities and is 
produced by activities. However: this does not imply that the envisioned system at the 
team level should be conceptualized as commonly shared among team members, i.e., a 
shared understanding. That would include the ‘categorical error’ (Ryle 1949) of framing 
team cognition in a rationalistic perspective after all, considering knowledge as information 
that can be explicated and shared.

A crucial observation that refutes this, is that interviewed team members framed ORE 
quite differently, an observation mentioned in chapter 6. The team members in the ORE 
case are interviewed when the development was nearing its end. And although all team 
members addressed all categories of topics, each discussed entirely different examples, 
named other persons, and put the accents differently. Still ORE itself is a seamlessly 
integrated whole. Put simply: although team members do not agree on what ORE is, they 
can nevertheless develop ORE into a seamless and coherent whole. 

In NPD teams, the individuals who act from their distinctive position, heedfully 
interrelating their activities to those of others, in time create a coherent and unified 
product. Team members all constitute parts of the envisioned system, thereby envisioning 
what the whole possibly is. Some parts are known to all, but the whole is known to 
no one. Thus, the ‘team’ envisioned system can be conceptualized as a mosaic of fairly 
distinctive pieces that all constitute the whole. Typical for a mosaic is that each piece fits 
the whole, but none of these pieces contains information about the whole. One has to 
zoom out in order to see the representation of the mosaic, as at the level of pieces this not 
can be seen.

 7.1.2 The envisioned ‘intended’ system
A typicality for NPD is that team members not only have to envision the system they are 
part of, the ‘as-is’ system, but also the system they are collectively creating: the ‘intended’ 
system. Each team member has to consider: what do I think that we are creating? Their 
considerations include notions on what the product is, and what it can do. It includes 
notions on the client and the user; on the business case; on what makes it distinctive from 
other products; and on the production and distribution. It shapes what is considered a 
problem: what is ‘easy to use’; what is ‘sufficiently robust’; how much may a part cost? 
And it shapes what is considered a solution. 
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The envisioned ‘intended’ system is also dispersed among team members, it is nebulous 
and ambiguous in the infancy of a NPD project, as representations hardly exist apart 
from requirements, brief vision statements and project descriptions. It only reveals whilst 
developing the product. In time, it is expressed in the synthesis of all efforts in a coherent 
product. Team members learn what the eventual product should be by developing it.

It underscores an argument of Bucciarelli: 
“Shared vision’ is the key phrase: (..) a (temporary) synthesis of the different participants’ 
work within distinctive object worlds” (1994: pg. 159). He argues that the reconciliation 
of distinctive aims of team members depicts the ‘shared vision’ that it is “somewhat 
awkwardly” (ibid. pg. 29) expressed in the eventual product. In the vocabulary of this 
research: the ‘intended’ system is expressed somewhat awkwardly in the eventual product 
that is developed. There is no a priori ‘shared vision’, i.e., envisioned ‘intended’ system, 
before activities commence; it is the result of the team members’ activities . The ORE 
case shows that there is not even a posteriori an envisioned ‘intended’ system that can 
be articulated in words! It is the product itself, and only the product itself, that is the 
manifestation of this shared vision/envisioned ‘intended’ system.

 7.2 Understanding team cognitive processes
Four cognitive processes are discerned an described. However, it is observed that the 
process of reasoning/imagining is subsidiary to the other processes. Team members 
imagine and reason in order to compare the flux of events to the often implicit 
expectancies of team members, influenced by the envisioned system. There is no need to 
discuss it apart from the other cognitive processes. In this section first the three cognitive 
processes are presented (chapter 7.2.1), followed by a discussion that sensemaking can be 
considered reframing at the team level (chapter 7.2.2). The section ends with showing that 
the three processes have a natural order (chapter 7.2.3).

 7.2.1 Understanding team cognitive processes 
The three remaining cognitive processes are quite distinctive, and need to be managed and 
facilitated differently. In table 7.1 an extensive overview is provided as discussed below.

Process 1: Team minding
Team members know what to do and know what the relations are between their activities 
with those of others. In their activities team members consider the impact on others. 
Discussion or coordination is hardly required to know what to do and why and for a 
prolonged time team members can proceed separately. This is the most effective process 
for NPD teams. Team members can do distinctive tasks within their practices, but are 
responsive to what occurs around them, and to what others do. The team members are 
mindful to the flux of events of their collective efforts, i.e., attentively and critically 
monitoring the flux of events. It is observed that even if team members do not know 
each other well, when they see something they don’t like in their collective work, they go 
straight to each other:

 “When I was testing I had bad luck.. or actually I was lucky: many things went wrong. 
(..) I didn’t like what I saw at all. So I went straight to (..) and I said: this will not 
work. He considered it good enough. Well: that was not the right answer.” 
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The team members have a preoccupancy with anomalies. An anomaly is an irregularity, 
a deviation violating the expectancies (Kuhn 3rd ed. 1969). Team members have 
expectations that are guided by their envisioned ‘intended’ system, and when these 
expectancies are not met, they take measures. They discuss with others if the event is 
problematic, or if their expectations are erroneous. Minding concerns a sensitivity to early 
signs of problems. If team members sense a problem, they know who to involve to solve it 
swiftly. The pitfall for the process of minding is that team members no longer attentively 
monitor the collective efforts, but restrict themselves knowingly or unknowingly to their 
activities as planned and agreed on with others. Or confine their span of interest within 
the boundaries of their practice. Minding concerns monitoring the effects of collective 
efforts, rather than the results of their individual efforts. Minding concerns team members 
finding a balance between doing their own distinctive tasks, and simultaneously being 
responsive to the flux of events, including what others do. 

Process 2: Team reflection-in-action
It can be argued that team reflection-in-action corresponds with the textbooks on how to 
do NPD properly and how professional teams should collaborate. Set the boundaries to 
problem and solution space, do proposals, coordinate activities, and validate. Progress can 
be planned, meetings are regular. Team members are involved that have knowledge on the 
topic at hand. They are aware of the relations between them and understand the situation 
they are in. Still, the situation requires that team members explicitly align and coordinate 
their activities, e.g., conduct multi-disciplinary experiments to understand a problem, or 
devise multi-disciplinary solutions. This discerns team reflection-in-action from minding: 
team members need to work closely together in order to devise courses of action across 
practices. Not until a strong guiding frame is established and agreed on, team members 
can resort to working relatively on their own, within their practices. 

In order to devise these frames, individual team members propose ideas, argue, discuss. 
Devising frames is not about establishing ‘final’ solutions, well described in all sorts of 
details. Rather it is about naming a problem and/or solution that provides the core essence 
of what is agreed on, in a language sufficiently understood across practices. A frame 
provides guidance for subsequent activities for all involved across their practices, without 
spelling out what each specialist need to do within their practices. The frame should 
provide sufficient slack so that team members can move relatively on their own. Devising 
frames is about ascertaining that specialist are loosely coupled: having an agreement on a 
few critical aspects, but leaving open ample solution space. 

The pitfall of these processes is that team members attempt to pin down solutions 
in all sorts of details, or plan activities in order to ascertain a sense of control. This is a 
result of the belief that a flawless execution of activities can be warranted by means of a 
comprehensive set of requirements and a precise planning. Yet it is counterproductive for 
reflection-in-action processes. The ORE case shows well that even in later stages of a NPD 
project many surprises occur, that need to be dealt with swiftly. NPD requires that teams 
rely on the judgment of the situation of involved specialists, rather than on the execution 
of pre-established action lists., Reflection-in-action is about facilitating specialists to self-
organize, rather than attempting to manage and control the activities of these specialists. 

Process 3: Team sensemaking
This process is geared to deal with surprises. Surprises can result in uncertainty and 
ambiguity. Uncertainty concerns that team members acknowledge there is a problem to 
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be dealt with; agree on ownership; and on what the consequences are, for example for 
planning. The surprise is swiftly understood, and all team members know what to do. 
However, surprises can also be ambiguous, i.e., multiple, conflicting interpretations exist 
for the same surprising event. Team members do not agree if an event is a problem; what 
caused it; what the consequences are; who is responsible or should be involved. Both the 
constitutive factors and the relations are debated, hence stalling progress. The ambiguity 
is a result of multi-disciplinary collaboration, as team members interpret situations 
differently. They no longer agree on what to do. Ambiguity is the antonym to a guiding 
frame: ambiguity is felt precisely because a frame is missing. 

Sensemaking is about dealing with multiple interpretations caused by the multi-
disciplinary collaboration. Team members need to agree on basic matters as: do we have a 
problem or not? They have to meet face-to-face because every small piece of information 
may provide the cue that settles what is the problem. They gather around objects that best 
represent the ‘as-is’ system such as prototypes, and conduct experiments together. These 
provide many, varied, small yet possibly meaningful events.

Sensemaking, compared to reflection-in-action, shows another face of multi-disciplinary 
NPD. It seems chaotic and going anywhere, rather than predictable. Progress is disruptive, 
rather than ongoing. The topics the teams address seem haphazard and continuously 
changing, rather than prepared. Meetings are occasional rather than recurrent. Team 
composition is fluid rather than stable. Team members are preoccupied why things do 
not work according to expectancies, rather than constructively developing solutions. 
Improvised, somewhat messy meetings are required, rather than standardized working 
methods or progress reports, because the surprise contains aspects that are new to all. 

It may seem that sensemaking is unproductive, a process in the NPD process to be left 
behind as soon as possible. However: sensemaking is required to set the frame for the 
more ‘productive’ NPD stages. Often, sensemaking covers the bulk of decision making in 
organizations, as the formal decision made later in time merely ratifies the outcome of the 
sensemaking process (Weick 2001: pg. 460). Sensemaking is not about problem solving, 
but about the process before problem solving starts, setting the stage. Team sensemaking 
puts the light on the social dimension of multi-disciplinary NPD: an intrinsic feature 
is that often dispersed knowledge among team members results in indeterminacy, and 
above all: ambiguity. Also sensemaking frames NPD as enactment: team members find 
themselves facing unexpected and doubtful situations as a result of prior choices. The 
point is: team sensemaking is part of everyday multi-disciplinary NPD, not an aberration.

A pitfall for sensemaking is that team members resort hastily to straighten out what 
constitutes a situation and what needs to be done, in order to get a feeling of control once 
again. Thereby a multi-disciplinary problem is disaggregated in smaller ones, and quickly 
delegated to those involved. Because the situation is poorly understood and relations are 
unknown, this is counterproductive. Only by means of monitoring the collective efforts; 
an ongoing scrutiny of expectations; and many -often ad hoc - meetings, teams can make 
sense of a complex and doubtful situation, such as in the ORE case. 

Another pitfall is when team members attempt to solve a doubtful situation in a 
small team. Thereby team members do not include all people with relevant knowledge. 
Although such teams often can make decisions swiftly, they lack the expertise to grasp 
the situation at hand. It is observed that someone witnessed and reported an unexpected 
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error, and that others made decisions, without including the person who witnessed the 
event. As a result small, yet important ‘details’ were unknown to those who attempted 
to make sense of the situation. Although a feeling of control is obtained, the situation 
at hand is not truly understood and the doubt lives on. For example, in the ORE case 
again and again team members attempted to settle on the problem and plan what to do 
next, only to find out in a few days that other team members were needed with relevant 
knowledge. 

 7.2.2 Team sensemaking as reframing
The description of team reflection-in-action corresponds to Schön’s reflective practice of the 
individual practitioner. However, for teams there is one difference that needs explanation. 
For Schön a surprise results into reflections by a practitioner on the frame he deploys:

“Something falls outside the range of normal expectations (..) the practitioner allows 
himself to experience surprise, puzzlement or confusion in a situation which he finds 
uncertain or unique. He reflects on the phenomena before him, and on the prior 
understandings which have been implicit in his behavior. He carries out an experiment 
that serves to generate both a new understanding of the phenomena and a change in the 
situation.” (Schön 1983: pg.68). 

The practitioner experiences doubt, starts questioning himself what he has been doing 
before and what he observes in the here-and-now. As a result he ‘reframes’; i.e., he adopts 
another frame for subsequent activities. In the vocabulary deployed here, this process of 
reframing is essentially a sensemaking process: the retrospective development of a plausible 
image that explains what one is doing. Reframing is an often named key ingredient of 
Schön’s reflective practice, however the process of individual reframing (i.e., sensemaking) 
is swift, done mentally, and whilst being in-action. Therefore the process of individual 
sensemaking often goes unnoticed.

However, these sensemaking processes are amplified in the context of teams: the 
establishment of a collective new frame is a process that can be well observed. Creating a 
new guiding frame for a team of specialists takes considerable time, meanwhile paralyzing 
the activities by the doubtful situation at hand as ambiguity disables to proceed as usual. 
Surprises are noted by individual team members (-s), who first have to find out whether 
the doubt they experience is shared by other team members. What is a surprise for one, 
might well be an anticipated outcome for another. In order to do so, they need to decide 
whom to involve; explain events; share expectations; and so on. It is a team effort to 
reconstruct the frames deployed before, and to confirm that the events as observed no 
longer fit these frames. Likewise that it is a team effort to re-establish the relations in the 
activities of team members: nobody oversees these relations. 

The sensemaking process is about reconstruction the implicit prior frames and 
providing a new frame for subsequent activities: quintessentially a reframing at the team 
level. Because making sense of the situation a team is in requires the knowledge of many 
team members, the process of reframing is no longer swift, requires much time and can be 
observed well. 
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Team minding Team reflection-in-action Team sensemaking
Now that I know what we think, 
what do I need to create?

Now that we know what we think, 
what do we need to create?

How can we know what we think, until 
we see what we create?

Definition Attending the flux of events carefully for 
notifying changes in the flux that not 
seem to fit expectations. 

Ongoing co-development of frames 
that guide subsequent activities and 
rationalize what a team is doing.

Retrospective co-development of plausible 
images that rationalize what a team is doing/
what happened.

Situation It is known what needs to be done Problems are instituted Experiencing doubt

Team members know well what needs 
to be done and what the relations and 
dependencies are in their work.

Team members know what the problem 
is, yet it is not solved. The relations and 
dependencies are sufficiently known.

Team members experience doubt, as they 
don’t know what problem is, nor what 
relations and dependencies are.

Aim To monitor activities for potential 
problems

To consciously align/coordinate 
activities

To understand the doubtful situation at 
hand

Progressing individual activities and 
monitoring collective results in relation 
to envisioned system.

Developing and testing strong frames 
that will guide subsequent activities of 
team members.

Articulating, assessing, combining and 
synthesizing what is known collectively.

Ongoing refinement of envisioned 
system as result of newer experiences. 
Self-organize expertise around problems.

Co-development of a plausible frame for 
aligning activities across practices, and 
doing moves. 

Creating a plausible image that explains the 
situation at hand, and reconstructs the frames 
that guided prior activities.

Format Monitoring Argumentation Dialogue

Team members progress individually 
and monitor the flux of events. They are 
mindful to irregularities.

Proposing interdisciplinary solutions in 
(often) face to face meetings, and also 
preparing persuasive proposals. 

Face to face meetings whereby everybody is 
involved with some assumed expertise.

Interacting with objects part of joint 
representational space, showing the 
collective efforts across practices.

Interacting with often dedicated 
representations that enable swift moves 
observable by all across practices.

Interacting with tangible objects or other 
representations that depict the state of affairs 
well across practices.

Activities Heedfully progressing work within 
practices

Developing frames/ideas across 
practices

Assessing state-of-affairs across practices

Team members heedfully do their 
activities within practices: carefully, 
purposefully, coherently, critically

Team members abstract known problems 
in order to make moves. Thereby they 
zoom-out.

Team members attempt to reconstruct what is 
known collectively. Thereby they zoom-in.

Team members monitor the effects 
of activities of themselves and others 
critically. 

Team members co-create solutions that 
seem promising across practices.

Team members share what they individually 
know; do experiments to learn and reflect 
across practices.

Inclination Preoccupation with anomalies Preoccupation with solutions Preoccupation with failure

Imagining and reasoning to determine 
if a small unexpected detail needs follow 
up.

Imagining and reasoning what can 
possibly be a problem or a solution and 
why.

Imagining and reasoning why a surprising 
problem is encountered; what may have 
caused it.

Reluctance to dismiss anomalies as any 
unexpected event may be a marker for 
problems.

Reluctance to pin down a solution in all 
sorts of details. Focus on ‘core concept’ 
and how to express it. 

Reluctance to simplify, as any detail may 
provide crucial information. Looking for cues 
that provide insights.

Boundary 
objects

Depicting well flux of events of 
collective work

Framing the ‘core’ problem/solution Depicting well the state-of-affairs

Accurate representations that provide 
rich and varied cues and show what team 
members are doing collectively.

Representations that show how a 
problem/solution should be considered 
and preserve feel of the core essence.

Accurate representations that provide rich and 
varied cues without abstraction showing what 
team members did.

Joint representational space that 
dynamically shows collective activities, 
including the changes .

Representations that have charm of the 
skeleton: rigid enough across practices, 
adaptable within practices.

Representations that are tangible, i.e. 
enable interactions and preferably bodily 
interactions.

Pitfalls Dismissing anomalies Pinning down solutions Jumping to conclusions 

Not paying attention to ‘minor’ 
irregularities from what is expected, in 
order to meet planning.

In order to plan activities well, solutions 
are overly detailed, unnecessary reducing 
solution space within practices.

In order to reestablish feeling of control, too 
early it is decided what the problem is and 
activities are planned.

Not including team members with 
relevant expertise, when an anomaly is 
observed.

Not including team members with 
relevant expertise.

Excluding implicitly or explicitly team 
members with relevant expertise.

Table 7.1 Comparing three team cognitive processes. 
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 7.2.3 A natural sequence of cognitive processes
Team level coordination and alignment grow organically from everyday activities of 
individuals. Only individuals can notice anomalies that hint at problems, or invent 
solutions. Articulating these anomalies implies social interactions with others, possibly 
inciting sensemaking and reflection-in-action processes. Sometimes many team members 
are involved, and one rightfully can name the process of dealing with the anomaly explicit 
coordination at the team level. Sometimes only two team members are involved who deal 
with the situation instantly, and this process better can be named implicit coordination. 
Point is: it is hard to make a sharp distinction. There is no discontinuity, no rupture 
between individuals who heedfully interrelate their activities to those of others and thus 
align their activities; and explicit coordination of activities at the team level. It calls to 
mind the ‘continuity principle’ of Dewey for individual cognition as discussed in chapter 
5.2.1. For teams the continuity principle concerns that explicit coordination of activities 
emerges out of the daily activities of individuals in a team, and reciprocally co-shapes 
those activities of individuals.

This continuity between the level of individuals and the team level surfaces in team 
cognitive processes: minding, sensemaking and reflection-in-action. A key insight of this 
inquiry is that these processes meander between the level of individuals, and the team 
level. Also meandering results in a natural sequence of team cognitive processes.
In order to illustrate this, I deploy an oft-cited quote for sensemaking, attributed to both 
G. Wallas (1926: pg. 126) and E.M. Forster (1927): how can I know what I think, until I 
see what I say? In order to understand what I am thinking and reflect on it, I have to put 
things into words. What is the choice of my words; what are the accents put forward? Also 
I learn how others respond to what I say resulting either in the strengthening or softening 
of my considerations. This quote underscores that knowing is in the action, rather than 
prior to the action. Saying things justifies previous words, or acts. This quote is used to 
explain individual sensemaking, but can be extended to organizations (Weick 1995: pg. 
30). Below, by means of four variations on the quote ‘how can I know what I think, until 
I see what I say’ the meandering between the level of the individual and the level of the 
team is shown. Figure 7.3 visualizes this process.

Minding (1): how can I know what we think, until I see what we create?
Individuals in NPD teams interrelate their activities and subordinate these to the system 
they envision. This envisioning is constructed on the base of observable acts of others 
and objects. The first part of the sentence concerns an individual (‘I’) who envisions the 
system he is part of (‘what we think’). It includes both the ‘as-is’ system and the ‘intended’ 
system. The second part of the sentence shows how an individual learns on-the-go what 
this envisioned system is: by means of seeing and experiencing the collective acts and 
artifacts. The ‘I’ learns what the envisioned system is, because the envisioned system 
manifests in ‘what we create’. If an individual notices and brackets cues that are unsettling, 
because these cues are not meeting expectancies shaped by the envisioned system, he will 
notify his doubt to others. If the others are not surprised, the ‘I’ learns and adapts his 
envisioned system, knowing better what ‘we are thinking’. 

Sensemaking: how can we know what we think, until we see what we create?
If others are also surprised, a team sensemaking process is incited. The focus has shifted 
from the individual to the level of the team, as can be seen in Figure 7.3: activities 
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converge, as team members meet and have to work together. Again the first part of the 
sentence (how can we know what we think) concerns envisioning the system, and the 
second part how this is done (see what we create). 

However, this time it is a collective act: team members jointly experience a doubtful 
situation. Pieces of information that are dispersed among team members are put together, 
mixed, assessed, and synthesized into a unified whole. In order to do so, the team resorts 
to representations that accurately depict their collective efforts, and preferably also 
tangibly. Every detail may provide the cues that explain the problem at hand. Thereby 
the envisioned system is (re-) constructed collectively: ‘what we think’. (Re-) constructing 
the ‘as-is’ system provides insights in what is created collectively until then, and (re-) 
constructing the ‘intended’ system provides the pointer to consider if the state of affairs 
suffices or not. Do we have a problem or not? Do we need to solve it or not? 

Sensemaking is incited by ambiguity, paralyzing team activities. The aim of the 
sensemaking process is establishing a new strong frame that explains the doubtful 
situation at hand; and that re-establishes the relations among team members. This frame 
can be a plausible explanation of the problem and/or a fledgling solution.

Reflection-in-action: now that we know what we think, what do we need to create? 
Once the situation is sufficiently understood and relations are re-established, team 
members resort to a reflection-in-action process. The team activities change considerably 
compared to the sensemaking process before, showing continuous progression. The focus 
is still at the team level: ‘now that we know what we think’. Team members somewhat 
withdraw themselves from the world of accurate representations and resort to sketching, 
mapping, storytelling. The frame (or subsequent frames) need to be developed that will 
guide team activities. For multi-disciplinary NPD teams, developing these frames is 
hard as these require to be developed cross-disciplinary, including the relations among 
specialists. Frames that align and coordinate team activities can only operate at the 
level of the team, involving several team members to develop these frames: ‘what do we 
need to create?’ Often fledgling ideas suffice for team members to discuss and reflect 
interdisciplinary. Eventually these collective sessions result in few ideas that are labeled 
and/or depicted by simple iconic sketches. These sketches have the charm of the skeleton: 
they are robust enough to maintain a common identity across practices, yet plastic enough 
to be adapted within practices. 

Minding (2): now that I know what we think, what do I need to create? 
The level has shifted from the collective back to the individual. The team made sense of 
the doubtful situation, and found ways to deal with it collectively. Plans are made, the 
problem is understood, and relations among the activities of team members re-established. 
The need to communicate reduces, as individual team members can progress on their own 
once more, without the need to discuss with others what to do. Team mind is operating: 
the focus has shifted again to heedfully operating, individual team members. The team 
resembles a loosely coupled network, in which team members have distinctive tasks and 
are responsive to the events that occur.
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Figure 7.3
A visualization of distinctive team cognitive processes. It shows a team of six team members and their activities 
in time, depicted by means of the black lines. If team members work relatively on their own the lines are apart. 
If team members collaborate closely on a topic, the activities converge and thus the lines are close. Interactions 
occur, visualized by means of the ‘)(‘ In time, three times surprises are observed, depicted on the lower side of 
the fi gure by means of lightning symbols. On the left side it can be seen that team members observe a surprise 
for the fi rst time, causing doubt. However, the team members can deal with it swiftly, with few interactions. 
Th e frames providing guidance to their activities suffi  ciently accommodates the event. Th e second surprise is 
disturbing to many team members and a sensemaking process is incited. All team members come together in 
order to institute the situation they are in, including what their mutual relations are. Once a plausible story 
exist that explains the situation, a refl ection-in-action process commences in order to establish new strong 
frames. Once a frame is established, providing guidance to the activities of team members, more and more 
team members can progress relatively on their own, minding the fl ux of events. 

 7.3 Re-conceptualizing team mind
An important adaptation to the framework of team cognition is how team mind is 
conceptualized (see Figure 7.1 before). Team mind is the binding mechanism that 
underlies implicit alignment and coordination of activities. Its core element is an 
individual who interrelates his activities, and subordinates his activities to the envisioned 
system. Th is research has a range of new insights how individuals interrelate their activities 
in the context of NPD. Individual team members interrelate not only on the base of 
activities of others (Weick & Roberts), but also on the base of their interactions with 
objects. And they not only envision the system they are part of (Weick & Roberts 1993), 
the ‘as-is’ system, but also envision the ‘intended’ system. In this section several main 
fi ndings are discussed.

 
 7.3.1 Joint practice: the tissue of team mind

How teams align and coordinate their activities into a unifi ed whole is beyond what team 
members can tell: it is partly tacit, embedded in the practices of team members. And even 
though team mind may seem a somewhat esoteric construct, it is actually quite down to 
earth. To explain the phenomenon of implicit alignment of activities, there is no need to 
resort to metaphysical constructs as ‘shared mental models’ that assume that something 
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must be held in common in the mind of team members. The findings suggest that team 
members in NPD teams can discuss the same topics, however, mean something different. 
Still they can align and coordinate their activities. 

A first insight is that the implicit alignment and coordination in teams, named team mind, 
must be attributed to the joint practice of the team members: they use the same prototypes, 
speak the same jargon, experience and discuss the same events, collaborate with the same 
persons. Team mind as conceptualized here deemphasizes ‘knowledge’ inside the minds 
of team members or external by means of textual documents, in favor of the practice the 
team members engage in. 

Orlikowski (2002) argued that what teams and organizations ‘know’ is continuously 
constituted and re-constituted in the everyday practices of team members. She suggested 
that many aspects of practice are overlooked when scholars study on (tacit) knowledge: 
“take away the practice of doing machine design, flute making and paper handling, and 
there is no tacit knowledge; and no collective competence in these areas” (ibid.: pg. 270). 
This suggestion is empirically supported in this inquiry for the practice of NPD: team 
members only ‘know’ what to do in the context of their everyday practice. Without this 
practice, team members no longer know how to align and coordinate activities: take away 
the reliable prototype, and team members are incapable to develop a product collectively, 
simply because they do not see and experience what needs to be done. This finding 
radically changes the perspective on prototypes: from a means to validate what is known, 
to a means to create knowledge and align of activities. 

A second main finding is that joint practice is jointly constructed as a result of activities 
and guides subsequent activities. Brown and Duguid (2001) suggested that practices of 
specialists are bound together because they inevitably overlap. Where practices overlap, 
knowledge is smoothly exchanged between team members: “knowledge runs on the 
rails laid by practice” (Brown & Duguid 2001: pg. 204). The findings here show that 
the practices of specialists overlap considerably in the NPD teams, crystallizing into a 
joint practice. However, there is an important aspect that is not mentioned by Brown 
& Duguid. These scholars discussed communities of practice (1991) and networks of 
practice (2001) as existing practices. In this thesis, joint practice is deliberately named 
‘joint’, as it is ‘jointly’ constructed. Team members jointly build, test and evaluate 
prototypes. They jointly construct CAD models of large modules. Jointly highlights that 
team members not necessarily do these things together. Rather team members do their 
activities relatively on their own, and attempt to fit their activities into the larger whole 
as they envision it. Similarly, Blumer (1969: pg 70-77) argues that joint activities should 
be conceived as individuals fitting together their individual acts intelligently, from their 
specific perspective. 

Team members develop the parts and software that eventually are assembled seamlessly 
into a unified whole. Their artifacts are literally joint together. They learn on the go what 
the relations are between their activities and those of others. They develop parts that need 
to fit to those of others. They refine the roles within the teams on the go, as a reaction 
onto each other’s activities and considerations. They develop a common vocabulary that is 
meaningful for all involved team members; but hardly has a meaning outside the context 
of the team. Thus, joint practice not only enables the alignment and coordination of 
activities; it is also a result of the alignment and coordination of activities. It transcends 
what is known before and in time enhances the understanding of each other’s practices.
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A third main finding is that team mind can be envisioned as a network that includes team 
members and the constituents of joint practice. In the theoretical framework team mind was 
conceptualized as an network of team members. The findings show that the network also 
includes many other things. The meaningful nodes are provided by boundary objects; 
linguistic artifacts; boundary spanning experiences; and boundary spanning roles. These 
nodes enable team members to learn about each other’s domains, and provide the anchors 
for the team members to deal with the inherent indeterminacy of NPD. The consequence 
is that joint practice needs to be conceived as part of the cognitive system, 

A fourth main finding is that the elements constituting joint practice do not necessarily have 
a common meaning for those involved. Although things are named the same: in interviews 
it shows that team members can mean entirely different things. For example ‘ORE’ 
showed to be a label that is robust enough to be used across practices, yet is plastic enough 
to adapt within practices. Similarly, an integrated prototype is used and tested by all, 
however, team members run different tests, ‘see’ different things, respond to different events. 
The joint practice team members all engage in enables to align and to coordinate activities, 
but not because the constituents of joint practice have the same meaning for them.

 7.3.2 Tangible objects
Joint practice includes boundary objects, such as maps, models, sketches, technical 
drawings; and tangible objects. In order to interrelate activities, team members need to 
see, interact with and experience these boundary objects. 

A fifth main finding is that tangible objects have characteristic boundary spanning qualities 
that discern these from other boundary objects. Tangible object enable that team members 
bodily interact with these objects and the team members have a range of sensory 
experiences. As a result of these experiences, team members learn many things not 
conceived before. Stated differently: the interactions and experiences while interacting 
with a tangible object incites thinking, and results in noticing unknown problems or 
devising new solutions. As these experiences are fairly comparable for all involved, these 
objects enable to span boundaries across practices that otherwise have great difficulties to 
understand each other. 

 7.3.3 Joint representational space: observable acts and objects
A sixth main finding is the pivotal contribution of representations observable by all for team 
cognition. For NPD team members conduct many activities and develop objects that 
cannot be observed in the tangible world for some time. For example, team members 
create models of parts in CAD and all team members without access to this CAD model 
cannot see and interact with the part, until it is produced. The implication is that team 
members therefore must be able to see and experience representations of their collective 
work. If their collective work is represented nowhere, acting heedfully is impossible. How 
can one know what the consequences are of his work for others (and vice versa) if their 
collective work is not represented anywhere? 

Hence, in the framework on team cognition, another adaptation is that joint 
representational space is added (see Figure 7.1 before). Examples are shared workspaces in 
CAD, or maps that represent relations across parts and modules. This joint representation 
is inevitably somewhat ahead of tangible world consequences: the team members 
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continuously develop parts and code, however, these crystallize only every now and 
then in the tangible world of prototypes. If no joint representational space exists, team 
members can only deploy the eventual tangible world parts and prototypes in order to 
assess what their collective efforts resulted into. This sometimes introduces a difficult, 
long time lag. The troublesome boundary between hard- and software in the ORE 
case is largely attributed to the lack of a joint representational space. Not until a joint 
representational space was constructed, problems could be understood and solved. 

 7.3.4 Self-organizing expertise 
Team mind also concerns that team members know who they should consult to discuss 
a specific topic, echoing Wegner’s transactive memory (1987). If something unexpected 
occurs, a team member experiences doubt. He not only needs to judge the problem at 
hand; he also needs to judge who needs to be involved. The unexpected event might 
impact the work of the others; or the others have specific expertise that might be needed 
to understand the doubtful situation. 

A seventh main finding is that complex problems need self-organizing expertise. The 
findings show that the organization of complex problems in the NPD teams at Océ 
does not follow the lines of formal organization. Ad hoc meetings are organized with a 
few knowledgeable team members and problems are dealt with swiftly. Non-involved 
team members do not even know that the problem occurred, nor that it is dealt with. 
For example, in the ORE case some interviewees discussed at length complex multi-
disciplinary topics they encountered and dealt with, of which other interviewees were 
oblivious. 

In case of a doubtful situation, decisions are delegated to those who know best 
what to do, who have some expertise on the topic. Team members self-organize an 
informal network that embodies the expertise required to deal with the events that are 
unanticipated. This network analyses the situation, decides who should be informed 
and solves it. This self-organization was observed daily in the ORE case. The other way 
around, the finding that complex problems need self-organizing, informal teams of 
experts suggests that mechanistic, rigid structures in who-does-what, such as departmental 
or functional separations, hinder the development of team mind.

A condition for self-organizing expertise, is that individual team members have adequate 
knowledge of the expertise of others. That knowledge can concern a person or a role. If 
teams are fluid, i.e., have unstable membership, the knowledge of an individual on the 
expertise of others is only related to the roles of the others. An aspect that negatively 
contributes to team mind, is poor knowledge of team members on the role of others. 
At Océ roles are not trained explicitly, and team members often learn on-the-job what a 
role is about (see Box 6: ‘interacting team members’; or Box 18: ‘the emergence of team 
mind’). As the studied teams were co-located and had a well developed joint practice, the 
poor knowledge on role expectancies was not a problem. However, as will be argued in 
chapter 10 later on, this becomes a problem for distributed teams. 

 7.4 Integrating models in a coherent and unified whole
The first research question reads: what factors constitute to team cognition in the context 
of NPD, how and why? In this chapter this is explained in depth, by means of several 
models that synthesize theory and observations in a unified whole. Two sociological levels 
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are discussed: the level of interacting individuals; and the level of team as whole. This 
chapter will be finalized by integrating these in a unified whole, see Figure 7.4. 

The core element of team cognition is an individual team member interrelating his 
activities with those of others. This is shown in the figure on the left side. An individual 
interrelates his activities by means of interactions with others and with objects. In these 
interactions, an individual learns what the consequences are of his own activities and 
what the consequences are of the activities of others. As a result of what is learned, the 
individual is capable of coping with unexpected situations, knowing what others possible 
will expect of him; and what he can expect of others. Consequently, he can deal with 
unexpected events carefully, willfully and purposefully. Effectively, he develops a notion 
of the system he is part of and subordinates his activities to it, including the ‘as-is’ system, 
and the ‘intended’ system. 

All individual team members are interrelating their activities with others and with 
objects, continuously and simultaneously. All individuals interrelate their activities, and 
in time a complex, higher order pattern of interrelations emerges between team members 
and objects. As team members are part of the same world, some events and objects are 
observed by many and are meaningful to those involved, which is named joint practice. 
This includes objects, vocabulary, events and team members. Joint practice enables 
individual team members to envision the larger system they contribute to. Of interest is 
that the joint practice is both providing guidance to team members in their activities and 
is jointly produced by means of the activities.

On the right of Figure 7.4, the team cognitive system is depicted. It highlights how 
team dynamically respond to events in the world and aligns and coordinates activities. 
Thereby he events are compared to the larger system that is envisioned. The implicit 
alignment is named team mind, the explicit alignment team consciousness. Joint practice 
is the tissue of team mind: the binding mechanism that underlies implicit alignment and 
coordination of activities. Team mind explains the phenomenon that individual team 
members can act with heed in relation to the activities of others and in relation to larger 
aims, yet without much observable communication. 

The quality of team mind is pivotal for teams: it facilitates teams to deal with the 
flux of events swiftly, even when unexpected events occur. And also because conscious 
coordination of team activities is influenced by it. These conscious processes start when 
individual team members indicate a problem they cannot deal with; or see opportunities 
nobody considered so far. These are topics that team mind cannot accommodate. Once 
the individual team members notify others, conscious team processes start, involving 
several team members. These are team sensemaking and reflection-in-action; processes 
that can be observed at the level of the team by means of observable communication. 
Team sensemaking deals with ambiguity and concerns understanding the doubtful 
situation at hand. The aim is to establish a new strong frame that explains the doubtful 
situation at hand and who has to do what. Team reflection-in-action is developing the 
frame collectively, and reflecting on moves done inside the team. Once all team members 
can progress relatively on their own, the reflection-in-action processes end.



196

envision  

‘intended’ 

system

envision 

 ‘as-is’ 

system

interact w
ith

 objects

interact w
ith

 others

boundary spanning
roles

boundary spanning 
experiences

boundary objects

linguistic artifacts

Joint practice

Team
Mind

?!!

Team
Consciousness

do waitvalidate validate monitorsurprisesurprisesurprise

Environment

Joint representational space

∆T

Envisioning system

Individual interrelating
his activities

Team cognitive
system

Individuals producing
a joint practice

Figure 7.4 
Th e relation between the models that are developed in part, describing distinctive sociological levels. An 
explanation is provided in the text. On the left, an individual is shown who interrelates his activities to those 
of others (derived from Figure 6.7). 
As all team members interrelate their activities, a pattern emerges. Th e nodes of this patters are provided are 
meaningful to many, and thus are part of the joint practice and is shown in the middle (derived from Figure 
6.9). 
On the right, the framework on team cognitive system is depicted (derived from fi gure 7.1). No longer the 
individual team members can be discerned: it concerns the team level.
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Design is a battle of sorts between naming the thing and losing the dream,  

and keeping the dream but losing the name that stirs others to make the 

dream happen. (K.E. Weick 2004: p. 48)
“

”

What
designers
contribute tot
team cognition
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Chapter Designers in NPD teams

Analysis

The third part of this thesis concerns understanding what designers 

contribute to team cognition.The same studies are used, however the 

empirical lens has shifted to the practice of designers. First, the factors 

in the practice of designers that constitute team cognition are presented 

(chapter 8). Subsequently, an explanation is provided why the practice of 

design constitutes team cognition (chapter 9). 

In this chapter the findings are presented on the contribution of designers 

to multi-disciplinary NPD teams and team cognition in particular. In 

order to do so, what distinguishes designers from other roles is highlighted. 

Subsequently, the contribution of the practice of designers to the joint 

practice is discussed, and also to team cognitive processes. The developed 

framework on team cognition structures the findings.

8
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Three research questions guide this inquiry:
•	 What factors constitute team cognition in the context of NPD, how and why?
•	 What factors in the work of designers moderate team cognition, how and why?
•	 What can designers contribute to team cognition in the situation of distributed teams, 

how and why?
In the previous part the findings on team cognition are explored in depth, culminating 
into a comprehensive framework. It answers the first research question, and provides the 
ground to proceed with the other questions. The second research question highlights a 
specific role inside the NPD teams and is dealt with in this part. The same vocabulary 
and models as for team cognition are used, however, the focus has shifted entirely to what 
designers do, the practice of designers. Once this research question is addressed, the last 
part of the inquiry can commence in order to solve the doubtful situation that incited the 
inquiry: doing experiments in distributed teams.

The aim of this chapter is to articulate what factors in the practice of designers moderate 
team cognition. Explanations will be provided in the next chapter, answering how these 
factors moderate team cognition and why. The same dataset and the same studies serve 
to answer the research question. Note that the studies, as described in Appxs. 2 to 6, 
always have the same format: first team cognition is discussed, followed by discussing the 
contribution of designers. Persistent and revelatory findings across studies are highlighted 
and embedded in a larger whole. The findings are presented in a similar way as before, 
by means of illustrative boxes, and will be discussed alongside the framework on team 
cognition. 

An overview of the chapter is provided in Figure 8.1. First, it is needed to highlight 
what discerns the role of designers of those of others, if designers are embedded inside 
multi-disciplinary NPD teams (chapter 8.1). This is required, because roles are always 
contextual: what a role is develops in time as a result of interactions with others. Also, it 
is difficult to discuss what a role contributes to team cognition if it is unknown what its 
specific features are. One of the main findings that will be discussed is that the practice 
of designers adheres to the envisioned ‘intended’ system (chapter 8.2), a key ingredient of 
the framework on team cognition. 

Second, the contribution of designers to joint practice is analyzed (chapter 8.3). As 
discussed before, joint practice provides the anchors for team members to align and 
coordinate activities. Therefore understanding what designers contribute to joint practice 
is key for understanding what designers contribute to team cognition. 

Third, the focus will be shifted to the team level. The findings in relation to team 
cognitive processes are presented, above all in relation to sensemaking and reflection-in-
action (chapter 8.4). Together, a sel of factors is distilled (chapter 8.5).

 

What discerns 
designers
from 
other roles

(8.1)

User centered 
perspective 

Holistic, outside-in 
orientation 

Imagining the 
'intended' system

The role of 
designer: 
envisioning 
the 'intended' 
system

(8.2)

Contribution to 
joint practice             (8.3)

Contribution to team 
cognitive processes   (8.4)

Conclusions: 
factors that 
moderate 
team cognition

(8.5)

Figure 8.1 
An overview of chapter 8
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 8.1 What discerns designers from other roles
In the context of Océ designers are embedded inside the NPD teams, like any other 
discipline. It is a role which is incorporated in the daily practice of NPD at Océ.

Roles are defined as: “the expectations which prescribe how someone should behave and 
contribute in a specific position in a group” (Van Oudenhoven 1985: p.84, translated). 

Roles emerge out of interactions: people do things, talk, see, experience, and while doing 
so they create mutual understanding on who does what (Luckmann and Berger 1966). 
The patterns become habitualized in implicit roles. Once the patterns are explicated inside 
an organization, i.e., described in role-descriptions, roles become formal organizational 
roles (Weick 1995: p.72). Reciprocally, what the formal role is and what people in these 
roles do, is continuously and dynamically adapted. In the interactions with others in time 
a role is developed and situated in the specific organizational context. Hence, what the 
current role is of embedded designers inside NPD teams at Océ, is a result of decades 
of interactions with other roles; continuously adapted and refined. As the research 
question concerns the contribution of the role of designers to team cognition, first what 
distinguishes the role of designers with other roles inside the NPD teams need to be 
identified.

 8.1.1 A user centered perspective
A first characteristic which discerns designers from other roles is that designers frame 
any topic from the perspective of the product and user. Of course, this is a result of how 
design is defined in Océ, in a humanistic stance (see chapter 1.4). Across the studies, this 
finding is persistent, see Box 20: ‘Talking users and usability’. For example, in the analysis 
of a filmed meeting it showed that around 40% of all arguments that designers in the 
meeting put forward are related to a user. 

Consequently, designers tend to filter the collective activities of the team for the 
implications for the eventual product. They consider which technological choices possibly 
have an impact for the user and the user experience. How is a unit opened? Is that 
intuitive? If the printer performs a cleaning procedure, should the operator be informed? 
If an area can only be assessed by sitting on your knees, will a user do that? Of course, this 
primarily concerns topics which are obviously related to the user and the user experience: 
consider aesthetics; usability; the user interface and so on. However, also less obvious 
topics are addressed by designers, such as parts which are hidden deep inside the printer 
engine, or the system behavior in case of a rare error. 

The distinction can best be explained by discussing examples 2 and 3 in Box 20. In 
order to accomplish a task for which both a product and a user are required, designers 
tend to ‘talk users’: the technology serves an operator. For example, ORE revolves around 
what an operator does and how he will experience the tasks. Other team members tend 
to reverse this. They develop technology, and for ORE sometimes users are required 
to perform specific tasks at the right moment. The operator serves the technology. 
This framing of designers on users includes both hardware and software, without over-
emphasizing either one of them.
 

     



203

     

In Océ the role of designers is intrinsically linked to users and the 
usability of Océ products. It is a worldview so natural to me as a 
designer that I could not imagine others having a diff erent framing. 
Th e fi ndings confi rm that the user centered framing distinguishes 
designers from other roles, and three examples are provided

Example 1: Arguments in discussions
Based on the insights, a specifi c sub-question is included in the 
analysis of a fi lmed meeting: who addressed the user or user 
experiences in his arguments? In total 272 out of 900 utterances 
(30%) are identifi ed as user or user-experience related. In the 
bar chart the relative amount of user related arguments is shown 
per role; i.e., how often in the argumentation a user is named by 
someone in a distinctive role. Th is is an average score including all 
team members deploying a specifi c role. In this particular meeting, 
the designers often included user related arguments: up to 40%. 
Th e engineers and the validators less, around 20%. One validator 
has a designer background. Interestingly this person also often 
included users in his argumentation, more than 40%. Hence the 
aggregated score for validators is somewhat biased. Th e fi ndings 
underscores that designers frame users and usability.

Example 2: Seeing technology from a 
user perspective 
Th e user centered perspective concerns a view which frames any 
problem or solution in relation to the intended product, how a 
user would see it, use it, perceive it, or what he might think about 
it. Even quintessentially technical matters are framed by designers 
from a user perspective, outside-in. 
In the ORE case, the diff erent perspectives articulated sharply 
when it was decided that imposing a sequence for an operator 
could solve the problem the team was experiencing. It was labeled 
‘do 1-2-3’; and what this meant diff ered considerably among team 
members. Most of them expected a sequence which ensures that all 
possible error locations are checked regardless of the detected area. 
If an error is detected, the operator has to perform a sequence of 
activities which warrants that all areas are checked: a procedure. 
Th e designers disagreed: this would impose a burden of futile 
activities on the operator. Even if only one area needs to be cleared, 
an operator still has to do all steps. Eventually an intelligent 
sequence is devised: the number of activities an operator has to 
conduct is dependent on the error: do step 1 up to 3; or do step 
1 up to 7. Many errors will require only a few activities. Only 
complex errors will require many activities. In hindsight, this may 
seem obvious; however, it took considerable eff ort to develop an 
unambiguous sequence for solving all possible errors with a limited 
range of activities.

Example 3: Is the printer serving the 
user, or the user serving the printer? 
In the interviews the distinctive framing on users also can be 
identifi ed easily. Th e two interviewed designers pre-eminently 
discuss ORE from the user perspective, sometimes even referring 
to it by means of ‘I’, showing that they identify strongly with the 
user. Th ey discuss the user experience and how the printer supports 
the user. Users have tasks, and the printer is considered a tool 
to accomplish the tasks. ORE is tedious, and for that reason the 
required activities need to be minimal as possible. Also they discuss 
irrational user behavior and the printer being capable to deal with 
that. Th ey implicitly expect technology to be supportive to the 
whimsical operator, rather than the other way round. 
Other team members also discuss the user, however, frame ORE 
as a way to reduce service visits; or as a way to solve errors as no 
other options are available. Th ey often discuss the operator in more 
detached words, as ‘he’, ‘the operator’ or ‘the client’. Th ey are less 
involved in the user experience. Th e user is seen as subsidiary to the 
technology at hand: he needs to perform specifi c activities at the 
right moments, as the printer requires him to do. 

Talking users and usability

Source: Journal analysis (Appx.2); Interplay of roles (Appx.5); 
Interviews: interrelations (Appx.6)
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 8.1.2 A holistic, outside-in orientation to problems
It is found that roles have a distinctive orientation to problemsolving. Although the 
same topics are addressed, they deal with the encountered problems differently. Two 
orientations are highlighted below. 
•	 An analytic orientation to problems 

Some team members tend to deal with problems by abstracting matters and ignoring 
details. The aim is to understand the ‘essential’ problem, assuming that if this problem 
is solved all other problems can be dealt with later. This orientation also disaggregates 
large and complex problems in smaller ones, to be dealt with one by one. This 
orientation tends to impose limitations to the problem and solution space, namely 
what might be considered and what not. 

•	 A holistic orientation to problems 
This orientation is less focused on understanding the problems at hand in depth. 
The assumption is that the subject matter is too complex to be overseen beforehand 
and team members resort to creating proposals and learn while doing. Instead of 
exploring a problem, they explore ideas. They “adopt a problem solving strategy based 
on generating and testing potential solutions”(Cross 1995: p.109; see also Cross 
2001, 2007; Dorst 1997; Dorst & Cross 2001; Boland & Collopy 2002). They make 
proposals which ‘talk back’, i.e., enable to reflect (Schön 1983, 1992). 

It is not hard to recognize in the two orientations the classic distinction between a 
‘scientific attitude’ and a ‘design attitude’ (Simon 3rd ed. 1996; Boland & Collopy 2002; 
Liedtka 2002); or between ‘rationalistic problem solving’ and ‘reflection-in-action’ (Schön 
1984; Dorst 1997; Visser 2006).

Designers clearly have a holistic approach to problem solving, incorporating many 
problems simultaneously, as can be seen in box 21: ‘Looking outside-in’. They are not the 
only ones, as showed in the interviews. However, what distinguishes designers from others 
is that they frame and solve problems holistically and from a user perspective. Hence, 
their orientation to problem solving is not only holistic, it is also outside-in. They zoom 
out, from local problems and solutions, to the level of the product and a user interacting 
with it. Designers compare the problem at hand with other situations inside the product; 
to peripheral products as printer drivers; or to competitor products. Problems are 
contextualized for their implications on the ‘intended’ system, and also solutions are 
sought at the level of the product. Rather than setting limitations to the solution space, 
they tend to stretch it. Designers oppose most of all engineers for this aspect, as discussed 
in Box 21: ‘Looking outside-in’. Also, designers are at ease with problems which cannot be 
overseen and/or are ambiguous, as their daily practice includes many of these situations. 

However, this has repercussive effects: it is also observed that designers tend to embrace 
complexity and ambiguity. When a (small) problem is known which concerns specific 
parts, designers tend to include more problems, rather than establishing boundaries to the 
known problem. If e.g., a part needs to be adapted, designers also include other problems 
that are not addressed, as these problems are considered unimportant. In Box 21 this 
is discussed by means of their reluctance to break up complex problems. Paradoxically, 
the inclination to include additional problems enlarges their solution space, hopefully 
resulting in a better design. Ambiguity and complexity may be difficult to deal with; at 
the same time it provides the slack to include ‘slumbering’ problems; or include parts that 
are ‘released’ and hence cannot be modified. It provides a ‘clean sheet’ for developing a 
design; effectively stretching the limitations imposed on the situation. 
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The tendency to embrace ambiguity rather than accepting a confined problem has been 
described before (Dorst 2nd ed. 2006; Cross 2007: p.97; Boland et al. 2008: pp.18-
20).The findings suggest that in the context of being embedded inside NPD teams, 
the inclination to embrace ambiguity seems to be amplified. In order to get activities 
coordinated, NPD teams resort to disaggregating problems and functions; i.e., a product 
is broken up in parts which are dealt with by sub-teams, who also break it up in even 
smaller parts. This enables individuals to progress relatively independently. This is done 
as early as possible in the NPD project; yet is fundamentally at odds with the framing of 
designers that concern the product as a whole. Some illustrative examples for NPD at Océ 
are:
•	 Designing the integral product design of a product as opposed to developing modules. In 

the development the product is disaggregated in modules which all constitute the 
integral product design, yet are developed by distinctive organizations and at different 
moments in time. 

•	 Designing the integral user interaction including several products and software 
applications, as opposed to developing a product or a software application that are 
developed by different teams at different moments in time. 

•	 Designing the integral user interface for a software application including all 
functionality, as opposed to developing releases of the application for which 
functionalities are released in batches. 

Hence, designers stretch the limitations in their work by embracing ambiguity. The 
cyclical and iterative nature of designing opposes the linear character of releasing parts and 
modules in NPD. 
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In the analysis of the journal, it showed that designers have a 
distinctive orientation to problems. When the team discovered the 
‘blind printer problem’ (Box 4), the diff erences of the ‘designerly’ 
orientation to problems and those of others were amplifi ed as a 
result of time constraints. Th is fi nding is consistent across studies.

A reluctance to break up complex 
problems (Journal analysis)
At some moment in time the problem of the ‘blind printer’ became 
known (Box 4) and a solution strategy was chosen, labeled as ‘do 
1-2-3’. Th ough all involved team members agreed this strategy 
could work; it needed to be developed across practices. As 200+ 
people are working on one and the same product, the problem 
arose that the designers were asked to split their proposals in 
‘batches’ of small changes which were aligned with the generic 
project planning, making it a manageable process. Also, released 
parts could not be changed. Th is severely limited the solution 
space.
Th e distinction in problem solving strategies between the designers 
and others contrasted sharply as a result of the time pressure. Th e 
designers were mulling over a solution solving it integrally, thereby 
even including additional, known problems. Th is concerned for 

example the ‘hot motors’ (see Box 3). Th e problems together 
provided more solution space. Th is strategy was at odds with 
strategies of others who preferred to solve the problems one by 
one. Th e engineers wanted to see concrete proposals for solving 
well bracketed problems, and an exact planning to implement and 
validate changes, step-by-step. Th ey disliked the entangled framing 
of problems, whereas the designers disliked the fences that were put 
up, limiting the problem and solution space. Th is caused heated 
debates.

Comparing disciplinary roles and the 
orientation to problems (Interplay of 
roles)
In order to understand how disciplinary roles frame problems, 
a meeting is analyzed in relation to the orientation to problems. 
Two distinctive attitudes to problems and solutions are coded: a 
holistic approach; i.e., framing problems and solutions at product 
level; and a disaggregation approach, i.e., analyzing and breaking 
problems in sub-problems (more information: see Appx.5). Th e 
bar chart shows the fi ndings. Below the formal roles are provided 
and the bars show the occurrences an utterance of someone with a 
specifi c role is coded as either ‘holistic’ or ‘disaggregation’.  

Looking outside-in

Source: Journal analysis (Appx.2); Interplay of roles (Appx.5); 
Interviews: interrelations (Appx.6)
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•	    Designers gravitated to frame problems holistically and outside- 
  in, which surfaced in making cross comparisons with other 

situations or with other products. When it concerns problems, 
designers tended to contextualize them; making the problems 
‘larger’ by showing the implications for the product or for the 
user. When it comes to solutions, designers also tended to zoom 
out, to put things in the perspective of the product at large, 
rather than attempting to solve it locally. Th ey easily considered 
adapting other parts and modules than the ones being discussed 
or include ‘out-of-the-box’ strategies not discussed before. 

•	 Engineers gravitated to disaggregating problems; to make 
them local and manageable. Th ey attempted to break problems 
up in sub-problems which will be dealt with per item. Th ey 
fenced off  parts that are released or are nearly released. 
When considering solutions, engineers tended to propose 
concrete and often local solutions without large eff ects on the 
surroundings. Printers are complex products, and engineers are 
aware that changing parts to solve a problem in another part 
easily can result in another and unexpected problem. 

•	  Th e validators balanced somewhat between the two perspectives.
Th ey showed neither an inclination to consider topics holistically
nor analytically.

A distinctive orientation to problem 
solving (Interviews: interrelations)
In the analysis of interviews with involved team members this 
distinction in problem solving strategies also surfaced:
•	  Some team members preferred to deal with problems by 

attempting to fully understand the problem at hand, in order 
to solve it. Th ereby they abstracted the situation at hand, 
modeled it in order to make predictions and tend to ignore 
other problems at hand. In short, they zoomed in on the 
‘core’ problem. A senior in the interviews explained that to 
understand a function, part or module at hand, he prefers to 
model it to focus on the most important topics. He excluded 
all other problems, considering that the problems can be 
solved later in time or by others. For him ORE was such an 
unimportant topic; dismissing it to others. 

•	  Some preferred to combine a range of problems, and dealt 
with the range simultaneously in an iterative manner. Th ey 
considered that it is easier to include several problems if they 
have to develop or modify a part. Th ereby they did not have 
the inclination to understand all problems in depth, rather 
they liked to know suffi  ciently in order to develop and build 
‘something’ that can be refl ected on. Th e complexity was too 
large to be overseen, and therefore they resorted to doing 

proposals in order to learn on-the-go. What may seem a detail 
compared to other problems, can in time become a serious 
problem: 
“Because otherwise I have a beautiful unit; but a unit for which 
the connector for the electrical bundles has become inaccessible 
in production or for service technicians. Wrong!” (mechanical 
engineer paper handling)

Designers clearly adopt the second perspective for problem solving, 
arguably as a result of their focus on users. Th ey are concerned 
with the whole system of product and user, and frame e.g., local 
problems outside-in. For example, they discussed the relation of 
ORE in this specifi c NPD project in relation to previous projects, 
and to other products.
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 8.1.3 Imagining the ‘intended’ system
In order to infer the implications of technical choices of others for the product or 
the user, designers need to rely on their imagination skills. This ability to imagine the 
consequences of choices for the ‘intended’ system has a particular contribution on team 
cognition: it moderates cross-disciplinary reflections. As can be seen in Box 22: ‘imagining 
consequences’, designers discern themselves as they respond more often to the ongoing 
dialogue, compared to others, resulting in many decisive shifts in the discussion and 
subsequent team activities. The skills of designers has two aspects:
•	 ‘Seeing’ what is said 

All team members notice cues at the prototype or in role plays and all can imagine 
what the consequences are for the envisioned system. Team members see that a sheet is 
inaccessible, feel a module is stuck, hear the sound of tearing paper. However, making 
the connection between what is said and the consequences for the envisioned system 
is harder. Designers are, more than others, imagining the consequences of what is said 
in the ongoing discussion. By doing proposals and asking questions they reveal what is 
concealed so far in their ongoing discussion to involved team members. They seem to 
‘see’ what is said. 

•	 Seeing the ‘intended’ system  
The team members have to assess what they experience and/or hear in relation to 
the envisioned ‘as-is’ system and the ‘intended’ system. Especially in relation to 
the ‘intended’ system the imaginative skills of designers surface. As designers pre-
eminently are concerned with the eventual product and the user, they are skilled and 
trained to make the leap between what they see and/or hear and the ‘intended’ system. 
This concerns both imagining and extrapolating the events observed in the here-and-
now with the ‘intended’ system. And also to imagine and extrapolate what is said 
about the ‘as-is’ system for its consequence on the ‘intended’ system. This was named 
2nd order imagination in chapter 6.5.5. 

The imagining skills of designers moderate team cognition, as the ‘intended’ system serves 
as a platform for cross disciplinary discussions. Often, while dealing with a problem or 
proposing a solution, team members resort to imagining. They do proposals, and thereby 
the others have to imagine what is said as well, to consider the consequences within or 
across their practices. It is hard for one specialist to understand what the other specialist 
is proposing, if it is embedded in the vocabulary of a specific practice. For team members 
products and users are less abstract than imagining technical consequences. Sometimes the 
consequences of multi-disciplinary proposals can only be imagined by means of discussing 
consequences on the ‘intended’ system. It requires imagination skills to ‘see’ what is said 
and also the capabilities to articulate and explain it to others. The ‘intended’ system 
provides the platform for cross disciplinary reflection-in-action, and designers moderate 
this discussion because of their skill to envision and articulate the ‘intended’ system. 

 8.2 The role of designer: envisioning the ‘intended’ system
A formal role in an organization is a result of many past interactions with other roles 
and is continuously and dynamically adapted. Several roles are articulated in the ORE 
case and in Box 23: ‘The interplay of roles’ the roles are compared and articulated. The 
findings cannot straightforwardly be generalized, they are intrinsically linked to the case 
at hand. E.g. marketing is not included, and undoubtedly relations between roles would 
change if marketing is included. Yet there are persistent findings concerning designers in 
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An analysis is made between discerned cues that incited decisive 
shifts in the meeting and the roles of the team members who 
noticed the cue (Appx.5). The aim is to observe whether differences 
exist in the type of cues which are articulated by distinctive roles. 
This analysis is incited by an observation which suggested that 
some team members are more focused on the prototype, whereas 
others seem to be focused on the ongoing dialogue.

The bar chart shows the findings. Below the three formal roles 
are shown and the bars indicate the occurrences a cue is noticed 
and articulated by someone deploying that role. Three types of 
cues are discerned: ‘dialogue, ‘prototype’ and ‘role play’. The first 
concerns cues that are noticed and bracketed in the dialogue, i.e., 
team members responding to each other. The prototype concerns 
cues that are noticed at the prototype, like the sound of tearing 
paper. Role play concerns cues that are noticed when a role play is 
conducted. 
What can be seen most of all is that designers are more than others 
reacting to what is said. They imagine what others say, reason out 
the consequences and respond to that: 
“Why do you say that? This troubles me, as …”(28:17). 
All reacted to the prototype and the deliberate interactions with 
the prototype at hand, however, designers stood out in noticing 
and responding to something that was said by someone else. 

Designers probably are more than others extrapolating what is 
said; imagining the consequences and translating it in such away 
the team becomes aware as well. All team members reacted to 
the prototype and deliberate interactions with the prototype at 
hand, however designers more than others revealed what is still 
‘uncovered’ in what is said. Note that only decisive shifts in the 
meeting are taken as a starting point for the analysis of cues; 
probably many more cues can be observed that incited individual 
ideas and frames. However, the cues that are analyzed are only 
those that reframed the team activities. It shows the impact of the 
imagination skills on team cognition.
 
The imagining skills of designers manifested in the meeting above 
all in the second half, when the team is in a phase of reflection-
in-action. The problems they were working on are sufficiently 
understood and the prototype had no surprises for the team 
anymore. They discussed sub-problems and propose solutions for 
the problems. As it concerns non-existent parts and solutions, 
it had to be done before ‘the mind’s eye’. The designers took the 
lead by exploring all sorts of ideas and scenarios, that required 
imagination rather than reasoning. Apparently the designers at 
hand apparently were more at ease with doing so. Also they were 
capable to translate these into proposals that were understood by 
the others. 

 

Imagining consequences

Source: Cues & Frames (Appx.4); Interplay of roles (Appx.5)
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the ORE case and the other study conducted (Appx.1). Briefl y summarizing, designers in 
multi-disciplinary teams discern themselves from other roles, as they:
•	 have a holistic, outside in perspective on the topics they deal with, thereby putting the 

user central in their considerations. Stated diff erently, designers talk ‘users’;
•	 have a holistic, solution based strategy to problems: problems are understood by means 

of the proposals, rather than analyzing problems;
•	 have capabilities to imagine the ‘intended’ system well, to reason out the consequences 

of technological choices for the product. 

Designers deploy many arguments which concern product and user, the experience of 
a product; and the usability. Th e designer is less involved in the ‘as-is’ system, rather he 
tends to discuss any topic for its consequences on the ‘intended’ system. Th ereby he 
often has to imagine things, sometimes requiring 2nd order imagination to extrapolate the 
consequences of technical choices that are not represented anywhere As such, the designer 
is the ‘imaginator’ inside NPD teams, continuously bridging the state of aff airs of the 
collective eff orts of the NPD team and the eventual, intended product. Th e combination 
of the fi ndings irrevocably links the role of designers to the ‘intended’ system. As will be 
presented later, the contribution of designers to the ‘intended’ system has considerable 
impact on team cognition (Figure 8.3). 

In short: designers to teams is that designers imagine, visualize and discuss what the ‘intended’ 
system is as a result of the collective eff orts of the NPD team. It is not formally part of the 
role of designers inside Océ and also this aspect is missing in the literature on design and 
on NPD. Th e implication for designers deploying this role is that an appeal is done on 
their skills to bridge between two worlds. On one hand the world of requirements, what a 
product should be, and on the other hand the world what is feasible, considering available 
technology. 

Team
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Consciousness
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Joint representational space

∆T
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Reflection-in-action

Imagining Imagining
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making

Figure 8.2
Th e contribution of designers is related to the 
envisioned ‘intended’ system, an important component 
of the framework on team cognition. Th e illustration is 
adapted from Figure 7.1.
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Roles in teams are developed in the dynamical interplay of roles. 
Th e roles which participated in the ORE case can be depicted 
in one abstracted model, see below. It shows the triadic relation 
between the three main roles as found in Appx.5: Designer, 
Engineer and Validator. Th is is based on analyzing a fi lmed 
meeting. Th e other roles are inserted here on the basis of the 
interviews (Appx.6). Th ese latter roles are depicted in a grey circle 
to highlight less is known of these roles, and will not be discussed 
here (PSA is a Print system architect; PL is a project leader). Note 
that the relative position of the role of project leader concerns his 
role in the ORE case only. All roles are juxtapositioned on top of 
the distinction between the ‘intended’ system and the ‘as-is’ system. 
Some roles are more about the ‘intended’ system (designers, PSA); 
and some roles more about the ‘as-is’ system (engineers, project 
leader). Validators and architects include both, balancing ambition 
and realism. Th e relation among roles is depicted by the triangle in 
the middle. Th e sides of the triangle express the dyadic distinctions 
between roles. 

Th e engineer role concerns fi rst of all realism. Can we manufacture 
it, can it be done in time, is it not too costly? His stance to 
problems is preeminently focused on analyzing and disaggregating 
problems. Problems are often locally dealt with, as adapting 
more parts simply implies adopting more risks. Compared to a 
designer, engineers set boundaries to problems; as designers tend to 
contextualize problems. A typical discussion between them can be 
whether or not other parts of the product may be changed in order 
to solve a ‘local’ problem. Compared to a validator, an engineer is 

concerned about constraints (time, cost, resources) in which he has 
to solve problems and eventually deliver specifi cations. A typical 
discussion could be e.g., whether or not the eff orts required to 
change something is appropriate for the problem at hand.
Th e designer role concerns possibilities. What might be, what is 
a nice solution, can it be done diff erently? Th ereby he shows an 
inclination to think holistically and outside-in, i.e., the product as 
a whole and the implications for a user. Compared to engineers, 
designers show ‘out of the box’ thinking, contextualizing problems 
in a larger setting and/or fi nding solutions beyond the scope of 
discussion, rather than attempting to solve problems locally. Yet 
they are both concerned with solving problems. Compared to a 
validator, a designer relies on imagination and also keeps proposing 
new  ‘alternatives’, whereas the validator discusses if something ‘is 
good enough’. A typical discussion between them is about setting 
the standards of what suffi  ces. 
Th e validator role is about the quality of the eventual product. 
Does it meet requirements? What are the right requirements? 
A validator takes nothing for granted, and questions many 
things including checking whether the consequences (time, cost, 
planning) which are put forward are realistic. A validator sets 
criteria with his focus on validating quality, and designers and 
engineers oppose the validator in fi nding practical solutions that 
have to be conceived to meet the standards. As opposed to an 
engineer, a validator focuses on quality, and is less inclined to make 
decisions guided by everyday practical constraints. As opposed to a 
designer, a validator focuses on solutions that ‘suffi  ce’; rather than 
what ‘is best’. 
 

The interplay of roles

Source: Journal analysis (Appx.2); Interplay of roles (Appx.5); 
Interviews: interrelations (Appx.6)
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 8.3 The contribution of designers to joint practice
In order to understand the contribution of designers to team cognition the contribution 
of designers to joint practice is analyzed. As discussed in part 2, joint practice provides the 
anchors for team members to interrelate their activities to those of others and thus to align 
and coordinate activities. Th ose aspects of the practice of designers that become part of 
the joint practice of NPD teams constitute team cognition. Th e fi ndings on these factors 
are discussed below alongside the model developed to explain joint practice (Figure 8.4), 
including boundary objects, linguistic artifacts, boundary events and boundary spanning 
roles\.

(Sub-) Team 1

(Sub-) Team 2

boundary spanning
roles

boundary spanning 
experiences

boundary objects

linguistic artifacts

Joint practice
Figure 8.3
Th is illustration shows how individuals interrelate 
their activities to those of others. Joint practice and its 
constituents are depicted in the middle. It is adapted 
from Figure 6.9 and serves to discuss the contribution 
of designers here. 

 8.3.1 The boundary objects of designers
In Box 24 several cases are described showing how artifacts of the activities of designers 
become boundary objects for other team members. Several refl ections are discussed below:
•	 Th e objects of designers are tangible and/or visual

Th e objects of designers are often tangible objects, such as mock-ups or user interfaces. 
Team members can interact with these objects, ‘play around’ with it to get a ‘feel’. 
Or it may concern visualizations, e.g., of a product by means of renders, or maps of 
activities and workfl ows. All these objects provide rich and varied cues that is often 
lacking in language, technical drawings, spreadsheets, and so on. Th e ‘designerly’ 
artifacts enable team members to feel and see directly what the problem and/or 
solution is. 

•	 Seeing the whole
Also, ‘designerly’ artifacts often represent the product, or the user interface of the 
product. A realistic representation of the ‘intended’ system enables others to see the 
collective choices made by the team, including the inherent tradeoff s, rather than 
the details as parts, modules or technology. Showing the product displays the choices 
made by the team, enabling them to refl ect on whether this is the balance sought for. 
Technical drawings, spreadsheets and so on seldom provide an overview of the whole.

•	 Representing the ‘intended’ system
Designers are preoccupied with the ‘intended’ system, above all with the eventual 
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product and the user interacting with it. The representations designers create are easily 
understood by all involved. It provides a joint representational space to discuss the 
consequences of choices made within distinctive practices. Rather than attempting to 
explain a pie chart; software code; or a technical drawing, team members can discuss 
consequences of their work by means of the product. Products and users are worlds 
that are easier to understand and explain than the worlds of distinctive practices. 

•	 Early representations of the ‘intended’ system  
From the moment that designers are part of the NPD teams, they develop their 
designs for the product, the user interface and so on. As at Océ designers also 
participate in the early phase of NPD projects. The artifacts of their work are pointers 
to the eventual product already in the infancy of the NPD project. The first quick-
and-dirty mock ups or user interface concepts provide much information for what the 
‘intended’ system possibly will be. For some examples, see Figure 8.5. 
Interestingly, apart from requirements and project definitions, only the artifacts of 
designers are tangible and visual representations of the ‘intended’ system in the early 
phases of an NPD project. 

 

Figure 8.4
Some mock-ups of designers developed in the infancy of NPD projects. On the left, a print out 1:1 is shown 
of the product design, in order to get a feel of its size. In the middle a small 1:5 model of the technological 
components of parts of a wide format color printer. On the right a 1:1 ‘soap box’ model of a printer, in order to 
evaluate the architecture of large elements for the user, such as the user interface and the scanner. All the objects 
had considerable attention of other team members and even management, as they were early depictions of the 
‘intended’ system. 

•	 The distinction between the ‘as-is’ system and ‘intended’ system 
For designers, his sketches, design proposals, models or user interface demonstrators 
represent the state of affairs, the ‘as-is’ system. However, for the team the artifacts 
of designers sometimes represent the ‘intended’ system rather than the ‘as-is’ system. It 
embodies the choices made by the team, deploying means that are easily understood. 
Managers come to look at mock ups in order to see what the eventual product will 
be; user interface demonstrators are shown to others to discuss whether the right 
functionality will be offered.

•	 The contribution of aesthetics 
The often somewhat aesthetical models or demonstrators have the charm and vigor 
to be compelling; leaving open sufficient solution space for others. A mock up shows 
effectively how the ‘intended’ system can look, and it has a seductive quality. It gives 
no insight in technology or technological problems the NPD team is experiencing. 
Similarly a user interface concept or demonstrator adequately shows what functionality 
a product will offer in time, however, is charmingly incomplete to conceal all troubling 
details. These objects have the charm of the skeleton for the team as a whole, showing 
what the ‘intended’ system will be. A metaphor for the ‘intended’ system, imprecisely 
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referring to what the team in time will deliver - even though the models can be 
extremely realistic.

In short, the artifacts of designers become part of the joint practice of team members, 
because the artifacts represent the ‘intended’ system for others. The artifacts enable others 
to see and sometimes even experience the consequences of choices made in the here-and-
now for the eventual product, to be released (much) later. This provides a platform for 
discussions and reflections across practices; even not necessarily including the practice of 
design itself.  

 8.3.2 The language of designers
The language deployed in teams is both a result of the activities, and also structures 
the activities (see chapter 6.4.3). The findings suggest that designers have a distinctive 
vocabulary which helps to shape team activities. In the vocabulary of  designers their 
user oriented perspective surfaces (see Box 20: ‘Talking users and usability’). Some words 
became part of the joint practice of the team, framing how topics need to be considered.
For multi-disciplinary teams the team members not only need imagination to grasp the 
surprises which are observed, they also need the skills to articulate it and explain it to 
others. Designers often invent ‘sticky’ labels to refer topic. Compare e.g., the denotation 
of a designer and that of the engineer to a hard to access area with many teeth like parts. 
The first named it ‘the shark’s jaw’ (Dutch: “haaienbek”); and the latter ‘the difficult 
transition from VT to Turn’. The designers label is productive (Dong 2007), it colorfully 
depicts what the problem at hand is about, deploying a metaphor that is hard to forget. It 
is sticky, because it is rooted in tangible world imagery, rather than abstract and ‘neutral’ 
vocabulary. It includes what the main problem is that needs to be solved, framing the 
many sharp parts in that particular area. It can be argued that it is somewhat coercive, 
yet it is effective. It promotes specific interpretations, which in a multi-disciplinary 
environment is important. 
The ‘shark’s jaw’ was deployed in interviews of team members a long time since the actual 
problem manifested; and also other ‘designerly’ words are deployed in the interviews by 
others, such as ‘the next scenario’ or ‘do 1-2-3’. Often the labels depict what the core 
idea and/or problem is; even though it needs much development. It provides sufficient 
guidance to team members to align activities, and leaves open sufficient space for 
solutions. 

 8.3.3 Boundary spanning events incited by designers 
This constituent of joint practice involves meaningful events experienced by many. Some 
of these experiences can be attributed to the activities of designers, and one is discussed 
before: constructing persona’s (see Box 14: ‘You can read reports, but sometimes you 
just have to be there’). In Box 26: ‘designing as sensemaking in Océ’ shortly hereafter 
two other examples are provided. One concerns how the team made sense of a complex 
technological problem, and the other concerns articulating the product story. 
In all the examples ambiguity prevailed among team members: different interpretations 
and opinions co-exist. In these situations many interpretations and opinions co-existed, 
severely paralyzing progress. A sensemaking process was required, and the ‘designerly’ 
methods were a natural fit with sensemaking processes. In Océ the typical ‘designerly’ 
approach to deal with ambiguity is appreciated inside the organization to deal with 
specific problems. It will be discussed in chapter 8.4.1. 
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In the ORE case several boundary objects are distilled that 
originated in the work of designers. However, even more 
interesting objects were observed in other cases (Appx.1) and three 
examples will be discussed.

Example 1: Boundary objects in the ORE 
case
In the ORE case, several ‘designerly’ objects are found that enable 
team members to bridge the activities of hard- and software. Best 
example is the map depicting the sequence of operator activities 
(Box 11) that enabled the integration of the work of hard- and 
software and that of designers in one visual means. The designers 
were just looking for a tool to develop a sequence for an operator. 
The maps nevertheless enabled scenario discussions with the 
software engineers in relation to error codes and behavior. Also 
it enabled discussions regarding hardware consequences with 
mechanical engineers. It was a representation of the ‘intended’ 
system in a language which is understood by all. 
Other boundary objects that were observed are for example the 
user interface developed by designers, which in a filmed meeting 
served a double goal. It was a source for noticing and bracketing 
cues; and it provided the platform to discuss problems or ideas 
(see picture). Of interest is that none of the objects were developed 
with the aim to span bridges across practices: they are just artifacts 
of the work of the designers. 

Example 2: ‘Renders made on a Monday 
afternoon’ revisited
In chapter 4.3.1 an example is discussed in which a project leader 
ironically commented that ‘some nice looking renders made on 
a Monday afternoon’broke the deadlock between planning and 
R&D. A long project description was not sufficient to get an NPD 
project started, as no agreement could be made in regard to what 

mattered and what did not. It was the classic discussion between 
‘should-be’ and ‘can-be’. The problem was that the combination 
of requirements inevitably implied that some trade-offs needed to 
be made; such as cost price versus quality. However, the trade-offs 
were revealed in the language deployed: nowhere a representation 
existed, which showed clearly what the relations were and the 
consequences for the ‘intended’ system. R&D team members 
worked with large technical drawings of the architecture stuck to 
the wall. Plannning worked with presentations showing pie charts, 
analyses of competitor products and lists of requirements. Neither 
‘language’ enabled discussions of the inherent trade-offs. 
The renders provided the language which showed the consequences 
of several architectural choices which were inevitably related, by 
means of several depictions of what the product might be. The 
renders were the boundary objects depicting eventual consequences 
of choices made for the ‘intended’ system early in the NPD 
project. It enabled the project team to transform and negotiate 
requirements constructively.

Example 3: A user interface concept to 
discuss requirements
A team meeting is filmed of a strongly distributed team that 
needed to establish the list of requirements for release of a software 
application. It included team members of three R&D sites, 
including several software engineers, an architect, a project leader, 
one designer and two persons of planning. It spanned two days. Of 
interest is that the team members discussed for hours (!) a specific 
functionality. Marketing was convinced that the functionality 
provided additional value for clients. R&D considered it much 
work to implement; requiring considerable change to the 
architecture. Thereby this functionality is already provided by other 
applications, for free. In the difficult discussions some hard won 
agreements were made. 
However, when some screen dumps of possible user interface 
concepts were discussed on day two, the functionality turned 
out to be a non-issue after all. All involved quickly agreed that 
the application would “become a mess” just by including the 
functionality. The functionality is quintessentially a ‘goodie’, but 
would clog the user interface as it requires many settings. Suddenly 
the hard won agreement evaporated, once the consequences for 
the ‘intended’ system were represented well. The user interface 
provided the language required to show the consequences of 
choices made early in the NPD project on the ‘intended’ system.

The boundary objects of designers 

Source: Designing as designating (Appx.1); Journal analysis (Appx.2); 
Interviews: heedful interrelations (Appx.6)
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 8.3.4 Designers as boundary spanners
The fourth constituent of joint practice are boundary spanners: roles and/or persons 
that interact with many and facilitate the sharing of knowledge between groups that are 
separated by location, hierarchy or function.In Box 25, analysis is provided of the role of 
designers as boundary spanners between the practices of hard- and software. Interestingly, 
the designers in Box 25 are not nominated as boundary spanners, they have no formal 
assignment to do so. Rather they are boundary spanners-in-practice (Levina & Vaast 
2005), though they are unaware of it. They are merely trying to achieve their goals. An 
explanation will be provided below Box 25.
 

Spanning boundaries by means of the ‘intended’ system 
In literature, spanning boundaries is often framed as building bridges between two groups 
in between a boundary exists, and boundary spanners belong to one of these groups 
(see e.g., Cross & Parker 2004; Levina & Vaast 2005). The findings here show that for 
NPD the boundaries between practices also can be crossed via a third practice. This 
third practice collaborates with both other practices. It has a specific aim which enables 
integrating the efforts of the two practices. 

In the ORE case the specialists of soft- and hardware were spatially separated and 
found it hard to understand each other’s practices. The resulting joint practice is the ORE 
design itself, and it was a result of the collaborations among others with designers, who 
are not part of the practices of hard- and software. The boundary spanning qualities of 
this role was a result of their focus on the ‘intended’ system that integrates all parts and 
functions; rather than on the parts or functions themselves. It can be argued that if team 
members of distinctive practices in NPD find it hard to understand each other’s practices, 
the only way to progress is via the ‘intended’ system. They have to imagine, extrapolate 
and assess the consequences of their collective efforts on the future ‘intended’ system. The 
other way round, envisioning the ‘intended’ system enables reflection on technological 
choices within and across practices in the here-and-now. It facilitates alignment and 
coordination of activities. Designers are skilled to bridge between the ‘intended’ system 
and the everyday reality of NPD in-the-wild.

The inclination of designers to span boundaries
‘Designerly’ aims and stakes are constituted by choices of the other practices. The user 
and user experience of the eventual product are thoroughly mediated by the choices 
made by others. It explains the inclination of (embedded) designers to participate in 
other practices. Without knowledge of the activities of others or influencing the activities, 
achieving ‘designerly’ aims becomes impossible. Therefore, to achieve their goals designers 
collaborate with other practices.

That does not mean they are aware of the boundary spanning skills. Actually, a 
persistent finding is that designers in Océ - including myself!- are largely unaware. They 
are somewhat annoyed by the number of support roles stakeholders name (Appx.1). They 
hardly name other roles when discussing their activities (Box 25); are ignorant what the 
impact is of their artifacts on other team members (Box 24); do not seem to be aware of 
their distinctive framing on topics (Box 21) nor that they are imagining the ‘intended’ 
system (Box 22). Hence they are not deliberately spanning boundaries. Rather they are 
involved in the content: designing inviting user interfaces; crisp clear graphics; aesthetical 
product designs. Still, even when designers stick to their core activities, if these activities 
are transparent to others inside the NPD teams, designers enhance team cognition 
considerably by providing the means to envision the ‘intended’ system. 
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In the previous chapter one of the prevailing boundaries in 
NPD at Océ is articulated: between the practices of hard- and 
software (see Box 2: the distinctive practices in the ORE case). 
Also some boundary spanning roles–in-practice are pinpointed 
(Box 15: boundary spanners in the ORE case). In this box it will 
be shown that one of the boundary spanning roles was designer. 
Subsequently, and somewhat contrary to expectations, it will be 
argued that the designers had no inclination to span the boundary 
and were concerned about content. It is the practice of designers 
that spans the boundary.

Designers as boundary spanners
In the fi gure below two Circos visualizations are shown of the same 
dataset. It shows what roles are mentioned by the interviewees 
when discussing their activities for the development of ORE. 
In the fi gure on the left the boundary between the practice of 
hardware (orange) and the practice of software (green) becomes 
manifest. As discussed in Box 2, team members at both sides of the 
boundary hardly discuss the team members at the other side of the 
boundary. 
Th e fi gure on the right shows how often the role of designers 
is mentioned by all interviewees. It shows that designers are 
often named, and by all roles - even quite equally distributed. 
Th e combination of the two visualizations reveals the boundary 

spanning capabilities of the role of designers: they sit ‘amidst’ 
the practices of hard- and software. Even though the practices of 
hard- and software engineers are separated by a boundary, team 
members on both sides mention designers often when discussing 
their activities. 
 
Preoccupation with content
So designers spanned a troublesome boundary, however the 
interviewed designers did not seem to have an inclination to do so, 
or were nominated. Th is fi nding is best illustrated by means of the 
fi gures that show what the designers mentioned concerning topics 
and roles they collaborated with (next page). 
Th e circle on the left articulates the topics addressed by designers, 
such as ‘related to the print engine’ or ‘related to the user interface 
(more information: see Appx.6). Th e fi gure shows that designers, 
like other specialists, addressed all categories of topics in relation 
to ORE. Also, it shows that the segment of designers is relatively 
wide: the designers relatively often mentioned a variety of topics 
in the interviews. It underscores that designers are focused on the 
content of ORE design. 
Th e circle on the right articulates the roles the designers mentioned, 
i.e., collaborated with, according to themselves. A wide ribbon 
depicts that a specifi c role is often mentioned. It shows that 
designers mentioned relatively few roles, and even then mainly 

Designers as boundary spanners

Source: Journal analysis (Appx.1); Interviews: interrelations (Appx.6)
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other designers. It can argued that designers had no inclination 
to span boundaries, otherwise more roles and persons would have 
been named.
Th e two circles together shows that designers are preoccupied with Th e two circles together shows that designers are preoccupied with Th e two circles together
content, discussing what ORE is and what it might be. Th ey are 
less interested in discussing the process and relations with others 
in order to achieve that. Th e role of designers opposes the role of 
the project leader on this aspect, who discusses at length who-does-
what, but hardly content. 

Bridging practices
Th ese fi ndings poses an intriguing paradox: why are designers 
boundary spanners-in-practice, if they are not nominated to do so, 
or showed to have much interest in other roles and the process of 
developing ORE? Th e interviews provide an explanation.
Designers bridge the boundaries of hard- and software without 
being part of these practices. Rather, designers have a distinct, 
third practice that interacts with both the practices of hard- and 
software. Others involve designers in issues where usability or user 
experience potentially is at stake. Also designers fi lter what others 
do for the implications for the eventual product. As such, the 
practice of designers overlaps with the practices of both hard- and 
software.
Th e overlap concerns the ‘intended’ system. It enables the designers 
to make relationships across the activities of team members that 
they themselves are unaware of. Th e phenomenon is succinctly 
described by an interviewee:
“  Well, that was a period that we had many interactions 
with the controller software; and the user interface. 

So there were persons who made a link between the 
dependencies in the controller software and to the inner 
parts of the printer engine. Including the handles, the 
inner covers, the accessibility for an operator, and the 
like. Th e concept behind that. Th at was the work of the 
designers” (Function responsible Total Construction).

In this refl ection the interviewee addressed the three practices that 
were linked: software (controller); the hardware (inner parts of the 
engine) and designers (user interface, accessibility for an operator). 
Th e link between the controller software and the inner parts of 
the printer is made by means of the work of the designers; yet 
indirectly. It is hard to see the relationship between e.g., a small 
handle (the practice of hardware) and the error code ‘4419’ (the 
practice of software). However, the relationship can be established 
by means of projecting what a handle and a code ‘4419’ implies 
for the ‘intended’ system, including the eventual product and the 
user. Th e implications for the ‘intended’ system can be refl ected 
on across practices, as all team members understand ‘products’ and 
‘users’. 
Designer have an implicit inclination to span boundaries as their 
work is thoroughly mediated by the choices made in hardware 
and/or software. In order to achieve their goals, designers need to 
understand the practices of hard- and software suffi  ciently in order 
to make the leap to the ‘intended’ system back and forth; and to 
be able to negotiate across practices. In time the designers acquired 
the legitimacy to do so.
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 8.4 The contribution of designers to team cognitive processes
Next to considering what designers contribute to joint practice, another way to explore 
the contribution of designers is to teams is to analyze what their contribution is to team 
cognitive processes. As discussed before, designers contribute by imagining consequences 
of choices for the ‘intended’ system. In this section it will be discussed what the 
contribution of designers to sensemaking and refl ection-in-action processes. Th ese two 
processes will be dealt with separately. 
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Figure 8.5
Th e contribution of designers at the team level will be 
discussed in this section alongside two team cognitive 
processes: sensemaking and refl ection-in-action 
(adapted from Figure 7.1).

 8.4.1 Designers and team sensemaking
Team sensemaking is defi ned as the ongoing retrospective development of plausible 
images that rationalize what we are doing. Below, in Box 26: ‘Designing and sensemaking 
in Océ’ three examples are discussed which show the relations between what designers 
do and team sensemaking. Th ese are chosen from a range of possible cases. Team 
sensemaking is captured in chapter 7.2.1 by means of the dictum: how can we know what 
we think, until we see what we create? Th e contribution of designers for team sensemaking 
revolves around enabling to ‘see what we create’.
 

Envisioning the ‘intended’ system: seeing what we create
For team sensemaking both the ‘as-is’ system and the ‘intended’ system need to be 
(re-) constructed. Th e ‘intended’ system provides the context for what is considered a 
problem, or what is considered a suffi  cient solution. Th e ‘intended’ system is hard to 
articulate compared to the ‘as-is’ system: for example requirements and project defi nitions 
include criteria the product should meet, but seldom what it might be. Let alone provide 
guidance for guiding activities. Th e artifacts of designers accommodate envisioning the 
‘intended’ system well for other team members (see Box 24: ‘the boundary objects of 
designers showing the ‘intended’ system’). Designers translate what they known of the 
‘as-is’ system into what might be the resulting product and how users interact with it. 
Th e translations result in images and tangible representations which represent for other 
team members the ‘intended’ system in a language understood by all. It often enables 
interaction, experiencing bodily what the ‘intended’ system will be. Representations of the 
‘intended’ system situated in the observable world are pivotal for team cognition, allowing 
team members to ‘see’ what they create.
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In order to analyze the contribution of designers to team 
sensemaking, three examples are provided below. Th ese are carved 
out of both the ORE case and from other cases (Appx.1).

Example 1: Imposing a sequence: 
sensemaking in the ORE case
Roughly half of the ORE case which is analyzed by means of my 
journal concerns a sensemaking process. Probably I could trace 
its genesis; as the sensemaking process arguably was incited by 
my personal doubt. Th e fi gure below shows the situation I was 
working on in CAD on the right; highlighting fi ve handles for an 
operator to solve paper jams; and how I documented the idea of 
imposing a sequence onto the handles in my journal (left).
“ I have to make a design for some handles inside. (.) I had a feeling, that 

it would be more clear and intuitive if I would put all turning knobs 

together in one distinctive area. However, it turned out [in CAD] that 

it is an incomprehensible mess! I tried to impose a sequential order onto 

the handles. Question is: is there actually any sequential order?
Framing the subject matter outside in, I -as a designer- discovered 
that the combination of hardware (handles, parts to be opened) 
and software (behavior) were incomprehensible for the user. Five 
turning handles near each other, but in what order and in what 
direction? While designing I sensed a direction for a possible 
solution, namely imposing a sequence onto the handles. I did not 
know whether an implicit sequence already existed. I checked this 
by reading existing documents on software behavior, and talking 
to three persons involved. Th ey neither could ascertain about any 
sequence, even contradicting each other. Like me they were amazed 
that no overview existed. I understood we had a problem, writing: 

“All alarm bells inside me are ringing”. 

Th is example shows how by means of designing and framing 
on product and user a problem is laid bare which underlies the 
collective work of several team members. It did not articulate in 
documents describing behavior (software), in CAD (hardware) 
and not even in prototypes. Yet considering the implications of 
the collective work together caused doubt, considering the realm 
of users interacting with a product. Th is specifi c framing required 
to combine all what is known and refl ect on it outside-in. Th e 
problem did not concern uncertainty (not enough information) but 
ambiguity: there was much contradictory information requiring 
collective interpretation. It was the beginning of a series of surprises 
and dealing with it required having several team members discussing 
it face-to-face around prototypes.
 
Example 2: Keeping the team fluid
In the NPD project at hand, a problem emerged which was not 
only poorly understood technically, but also controversial. It 
concerned that the printing technology deployed became polluted 
when specifi c types of paper are used, requiring a service technician 
to clean the technology or even replace it. Th e problem was 
controversial for three reasons. First because nobody knew how 
often clients deploy these paper types. Second, because nobody 
knew how often cleaning would be required, requiring a service 
technician. Th ird, nobody had straightforward ideas to solve it, 
as it is somewhat inherent to the technology deployed. When it 
became a go-no go item for the continuation of the NPD project, 
a ‘crash team’ was assigned by the project leader including a 
designer who was made responsible for the team process. 

Designers and sensemaking 

Source: Designing as designating (Appx.1); Journal analysis (Appx.2)
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Th e designer adopted a typical ‘designerly’ approach. For a 
prolonged time no decisive choices were made. First all information 
was gathered, mapped, fi ltered, mixed and synthesized. Extensive 
testing was done in order to get a feel of the technical problem at 
hand; and simultaneously a range of client visits were conducted 
and analyzed in depth. Th e designer arranged a team room, where 
team members come together and insights were literally put to the 
wall, see the pictures above.
In a few weeks time several solution strategies were developed, both 
for the short and for the long term. It rightfully depicts a team 
sensemaking process: team members experienced ambiguity as a 
pile of cues resulted in multiple and sharply formulated opinions, 
on which the team could not agree. By means of articulating what 
is known of the ‘as-is’ system and reasoning what might be the 
impact on the ‘intended’ system in time, the NPD team managed 
to get a reconciliation of aims. 
Th e project leader commented retrospectively that he assigned a 
designer for two reasons:
•	  He wanted to be sure that the perspective of the clients and 

user was suffi  ciently represented inside the team. 
•	  He was afraid that too soon a technical solution would be 

chosen. Th e team should “keep fl uid” (translated from: 
“in beweging blijven”) for some time before settling on a 
strategy. He argued that some problems are so complex that 
any attempt to break it up in smaller and manageable parts 
too early is bound to fail. Hence, sometimes it is required to 
mix information, preserve ambiguity and sort out a range of 
possible solution strategies fi rst, before settling on one. He is 
aware that the workshops the designers organized often had 
that quality. 

Example 3: Creating the product story
In interviews with stakeholders (Appx.1) the contribution of a 
designer for creating the ‘product story’ was discussed often. A 
product story is a brief, illustrative narrative which explains what 
a product is and what is special about it. All involved knew that a 
product story was important for commercial success. Interviewees 
acknowledged that it is hard to ‘get the message across’ between 
R&D and marketing, explicating a diffi  cult boundary. 
A designer was assigned to marketing for a period, in order to 
support the development of the product story. He took a typical 
‘designerly’ approach: interviewing many persons involved, 
gathering and combining ambiguous information. Th en he started 
to visualize it and what resulted eventually were animations that 
were highly esteemed by all: 
“ Th is is one of the biggest technology developments we did in the last 

ten years.. it is fantastic what people made, but.. How do we tell it as 

simple as possible? And he made (..) let’s say a kind of animation (..) 

as simple you can tell it to your mother..(project leader). 
Th e designer quintessentially embarked on a sensemaking process 
of the innovative technology and its advantages: combining and 
assessing knowledge which resides in R&D (technology) and in 
marketing (client expectations). He acted as a designer, making 
proposals rather than analyzing, and he visualized his ideas in a 
language that could be discussed and refl ected on within and across 
practices. It facilitated a dialogue spanning the boundary between 
R&D and marketing. Eventually the sensemaking process resulted 
in the synthesis of a plausible image ‘as simple as you can tell your 
mother’. 
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Making sense of the ‘intended’ system 
It is also possible that the team experiences doubt on the ‘intended’ system itself: is 
the product as we conceive it the right product? Designers artifacts contribute strongly 
to making sense of the ‘intended’ system itself. Visualizing or even prototyping a 
demonstration of what the ‘intended’ system might be enables reflecting on ‘what can be’: 
considering the technical choices we do today, what is the effect on the eventual ‘intended’ 
system? Also it enables reflecting on what is needed: considering the requirements we 
propose, what is the impact on the ‘intended’ system? 

Representations of the ‘intended’ system provide the platform to negotiate, reconcile 
and transform contradictory aims. An example is provided in the interviews with 
stakeholders (Appx.1): 

“Perfect example (.) the designer who developed the user interface panel showed it, and 
it was in color for the first time. He showed how he interacted with it and that was 
really… awesome! Strategic planning eventually was against it, just because of time to 
market. If only if I could have got that built in the original specifications (.) it would 
have been a huge difference.” (Director of marketing)

Not unimportant: the director of marketing was part of the team which negotiated 
the requirements. This quote should not be interpreted that he didn’t ‘know’ about the 
color interface. Rather it should be interpreted that if only he had seen what might 
be, he would have demanded it. However, at that moment in time it was merely one 
requirement to be negotiated among many others. ‘Playing around’ with a user interface 
demonstrator, provides more information on the consequences for the ‘intended’ system. 
Abstract requirements suddenly can be observed, interacted with and experienced.

‘Designerly’ methods for sensemaking
The ‘designerly’ approach is about synthesizing solutions out of many issues 
simultaneously; it is quintessentially a sensemaking process, as some scholars argued 
(Krippendorf 2006; Verganti 2009; Kolko 2010a,b) following Krippendorf ’s dictum: 
“design is making sense of things” (1989: p.9). However, these scholars considered the act 
of designing itself. The findings show that the methods designers deploy to do their work 
serve team sensemaking well, at least in a the NPD context. 

The ‘designerly’ orientation to problems fits team sensemaking processes well. Rather 
than analyzing in depth what the problem seems to be, designers progress by proposing 
and reflecting on solutions which include many topics simultaneously, embracing 
ambiguity (see chapter 8.1.2). Thereby designers develop a surplus of representations 
of plausible images of the ‘intended’ system, an artifact of their work. Plausible images 
are precisely what is required for team sensemaking processes, enabling dialogue and 
reflections within and across practices. ‘Designerly’ methods often include workshop 
like meetings, geared for dialogue. It enhances articulating what is known among team 
members and to combine, assess and synthesize it into a unified whole.

 8.4.2 Designers and team reflection-in-action
Team reflection-in-action is conceptualized as the development of a frame that aligns 
and coordinates activities among team members. It is captured in chapter 7.2.1 by means 
of the dictum: now that we know what we think, what do we need to create? In Box 27: 
‘Designating team activities’ a particular interesting finding is described, namely the 
considerable contribution of designers by naming the frames that provide guidance to 
team activities in the ORE case. Of interest therefore is that they do not have a specific 
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assigned role to do so, nor did they deliberately seem to intervene in the process. Rather 
what they do as a designer enables the team as a whole to align and coordinate activities.

Providing a joint platform: the ‘intended’ system 
As Box 27 shows, designers name and establish many team frames. For multi-disciplinary 
NPD teams, developing frames that guide activities is hard. The frames need to be 
developed cross-disciplinary, including the relations among specialists. Developing 
frames is leveraged by means of the ‘intended’ system (see also Box 22: ‘ imagining 
consequences’). Ideas are developed and the implications imagined for the ‘intended’ 
system. It enables reflecting on the idea within and across practices. Once the ‘intended’ 
system is addressed, the team members can discuss and analyze the topic at hand. They 
zoom in on parts and modules, and discuss who does what. The way designers work 
facilitates imagining and discussing the ‘intended’ system, and hence enhances the process 
of team reflection-in-action:
•	 The holistic orientation to problems implies that designers are at ease with the inherent 

complexity the team is dealing with. They zoom out to the product and are inclined 
to include more topics, parts, considerations; rather than establishing boundaries to 
the solution space. They contextualize problems beyond the situation at hand; make 
detours to other products; propose solutions which are beyond the situation that 
is discussed. Not always this ‘out of the box’ leads to results, however, sometimes it 
fruitfully reframes the team. 

•	 Designers propose solutions in order to understand the situation at hand, rather than 
analyzing the problem at hand in depth. Stated differently: designers do proposals 
in order to see what the problem at hand is and simultaneously what might solve 
it. It seems that for the involved team members it is easier to reflect on a proposal 
within and across practices, than discussing abstract problems. Proposals create a joint 
platform to discuss the topic at hand.

•	 Designers frame problems from a user perspective. ‘Talking users’ results in proposals 
which are dramatic (“shark jaw”); easily imagined (“you can make a ‘next button’ over 
here”); and can be empathized with (“he will create an error of which he is unaware”). 
All team members can imagine a product, or a user. It is much harder to understand 
the consequences of e.g., software code for hardware engineers, or a mechanical 
construction for software engineers. The discussions on product and user provide a 
joint platform where they can discuss things together, including the consequences of 
their choices and the (hidden) relations in their collective work. 

In short: designers provide vivid representations in the realm of product and user. These 
are comprehensible by all involved.

Imagining and translating
The swift skills in imagining and translating the consequences of technical choices on the 
‘intended’ system leverage team reflection-in-action processes. In a filmed meeting the 
designers often made these reflections instantly. The swiftness echoes ‘snap judgments’: 
instantly a problem or solution is seen, which only later can be explained (Gladwell 
2005). It seems that they ‘see’ the eventual product, while discussing or evaluating a 
situation. Designers in Océ, as a result of their interactions with many others, are trained 
to reveal user related problems which are hidden in collective technological choices. 
Thereby they name things; mention problems; propose solutions; make detours to other 
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In the team refl ective practice, the activities of teams are analyzed 
for the frames which guide the activities. Pivotal is that someone 
needs to name a topic, before the team, often implicitly, can adopt name a topic, before the team, often implicitly, can adopt name
the proposed frame for subsequent activities. Not all proposals that 
are named result in frames: only if something has value for several 
team members it will become a frame: frames are inter-subjective. 
A fi lmed meeting is analyzed for the frames which were named and 
compared with the formal roles of those who named the frame. A 
fi nding is that many frames that guided team activities were named 
by designers. 

The many frames which are named by 
designers
In total 37 frames are identifi ed in a meeting that were named by 
the team members. Below two bar charts are provided that visualize 
what the contribution was of the distinctive formal roles to the 
construction of the frames (see Appx.5 for more information). 
Th e bar chart on the left shows the total occurrences of frames that bar chart on the left shows the total occurrences of frames that bar chart on the left
were named by a someone in a disciplinary role. A distinction is 
made between naming problems, naming solutions, and ‘other’. 
Th e latter was a naming concerning the process of the meeting. 
Th e bar chart on the right also depicts the occurrences of namings Th e bar chart on the right also depicts the occurrences of namings Th e bar chart on the right
put forward by someone in a disciplinary role. However, a 
distinction is made between the fi rst and second period of the 

meeting. Th e fi rst period is pinpointed as a sensemaking process, 
and the second period as a refl ection-in-action process (Box 16). 
Several observations are made:
•	  Th e designers contributed more than half (!) of all the frames 

in this particular meeting. Note that two out of ten team 
members are designers: if the average namings per person 
in a role is considered the eff ect is amplifi ed. And although 
the designers argued much in the meeting, the number of 
frames provided by designers is relatively high. Designers 
seem particularly good at naming topics which require team 
attention, and that are also adopted by the team, at least in this 
meeting.

•	  All team members named both problem and solution frames, 
and almost equally. 

•	  If the contribution of the formal roles for sensemaking and 
refl ection-in-action are compared, it can be seen that designers 
name more frames when a refl ection-in-action process is going 
on. In the second half nearly two out of three namings are 
addressed by a designer. 

One can see that in sensemaking processes all roles contribute 
relatively equally. However, in refl ection-in-action processes 
-requiring imagination- the designers take the lead and name many 
frames. Apparently designers have a specifi c contribution in the team 
process of refl ection-in-action that others are less capable to perform. 

 

Designating team activities

Source: Team reflective practice (Appx.3) Cues & Frames (Appx.4); 
Interplay of roles (Appx.5)
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An explanation: ‘talking products and 
users’
Considering the large number of frames named by designers, they 
are well capable to grasp and name inter-disciplinary problems and 
solutions. In this particular meeting the designers often designated 
what topics were relevant for the team to attend to, considering the 
subsequent team activities. Above all in the phase of refl ection-in-
action this ‘designating’ capability manifests. It recalls two other 
fi ndings in the research. First, the imagining skills of designers 
manifest above all in refl ection-in-action processes: they respond 
more than others to what is said. Second, it is observed that the 
formal designers also acted as pre-eminently a designer in the phase 
of refl ection-in-action, adopting a holistic, outside-in perspective. 
Together these fi ndings provide an explanation why designers 
named so many frames that guided team activities.: designers 
talk ‘products and users’. Th is provides the means to discuss 
topics across practices, even if the team members fi nd it hard to 
understand each others practices. 

Th e analysis shows that designers easily made the leap from 
the (technological) problem that was discussed to the eventual 
‘intended’ system, the eventual product and the user. And from 
the envisioned ‘intended’ system to the situation the team 
members faced: back and forth. Also, designers could articulate 
what is in their mind in plain language. Designers ‘see’ what is 
discussed, contextualize local problems, and talk about real world 
consequences for users:
“ We may think we can teach our users to stop doing things when he 

hears the sound of tearing paper, but actually for most other products 

it is very common” (39:21). 

Th ereby they provide a platform which enables others to see the 
problem and/or solution at hand as well. Consequently, designers 
often name the frames that guide team activities.
Below an example of this mechanism is provided. Th e doubtful 
situation at hand was that between two modules a sheet of paper 
could be jammed, which is hard to access. It is detected by one 
module, but sometimes the sheet of paper is best removed via the 
other module. In that case the operator has to be guided to the 
other module. Th e engineer considered the problem solved: the 
sheet of paper always can be assessed. Th e designer contextualized 
the problem, by framing the operator. How does the printer 
explain an operator what to do? Th e problem was not solved, 
rather it was transformed: from accessibility to guiding an operator. 
A new frame was named: the ‘next button’. 
  
Talking ‘products and users’ is particularly valuable for refl ection-
in-action processes. For sensemaking processes, team members 
resort to those representations which best depict the accurate state-
of-aff airs, such as prototypes, CAD fi les and so on. Refl ection-in-
action processes are about zooming-out, abstracting, away from the 
here-and-now. It requires imagination and reasoning. Designers 
can imagine quickly what the consequences are of what is said 
for the eventual product, and name this. Th ereby they discuss 
topics in  a language understood by all. Th is ‘talking products and 
users’ moderates the team dialogue. For all involved considering 
the consequences for a product of, for example an adaptation of 
software code, is arguably easier than considering the consequences 
for of the code for the hardware.

 Engineer1 But if there are pieces of paper over there, he [printer] will detect it.  

  And if there are pieces of paper in the transition area, in that case he 

  will see it also. We simply have no problem.

 Designer 1  Ok, still the question remains: what is the procedure to solve it? You 

  always need a procedure to solve it.     

 Validator 1  How will you give that trigger? The sensor still detects a sheet of 

  paper (..) Because he [printer] has to decide on something, 

  somewhere. (..) 

 Designer 1 You can make a next button here which lets you proceed to the 

  following scenario. Which explains: you can better proceed to the 

  engine. [Naming: solution]   (44:25-45:10)
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products; or act out how the user possibly will interact with a product. It enables others 
to understand as well what seems to be the problem for the ‘intended’ system. ‘Talking 
products and users’ enables the team members to discuss, align and coordinate their 
collective activities. Vice versa, others are well capable to derive the consequences of the 
‘intended’ system for their practices and reason out problems or solutions the designers 
are not considering. The swift and iterative process of zooming-out to the ‘intended’ 
system; and zooming-in to the ‘as-is’ system of parts and modules seems an effective 
mechanism to deal with complex multi-disciplinary problems.

 8.5 Conclusions: the factors that moderate team cognition
The aim of this chapter was to articulate what factors in the practice of designers moderate 
team cognition, on the base of empirical findings. The framework on team cognition 
guided the analysis and a range of factors are named. These factors both discern the role 
of designers from other roles and are supportive to team cognition. Below these factors are 
summarized:
•	 A user centered, outside in framing of topics 

Designers frame the topics they encounter user centered and outside-in. By this is 
meant that technological problems or proposed solutions are considered for their 
impact on the eventual ‘intended’ system, and how a user will experience it.  
This may come as no surprise, considering how ‘design’ is defined in chapter 1.4: 
“devising products (tangible and intangible) in which human needs, likings, tasks 
and particularities are placed centrally.” The findings not only show that designers act 
accordingly, it also shows that designers pre-eminently focus on the entire product, 
rather than on local problems and solutions only. 

•	 A solution-based strategy 
Designers progress by means of a typical solution-based strategy, namely, doing 
proposals in the realm of users and products. This distinguishes designers also from 
other user related roles, as marketers or usability experts. Designers rely on doing 
proposals, rather than doing in depth analysis, e.g. by means of surveys and so on. 

•	 Imagining the ‘intended’ system 
Designers translate any topic they encounter into the realm of the ‘intended’ system, 
back and forth. Technological problems are translated and reflected on for their impact 
on the product and how it is used. This is done instantly, designers seem to ‘see’ the 
‘intended’ system when they look at a prototype, or listen to others what others say. 
This requires specific imagination skills. 

•	 Talking ‘products and users’ 
For this translation back and forth between the here-and-now and the ‘intended’ 
system, designers use language, sketches, roleplay and so on, that represents products 
and users.  The expression of complex problems and solutions by means of products 
and users is easily understood by all and facilitates dialogue across practices. 

•	 Developing rich representations of the ‘intended’ system  
Designers develop tangible representations of the ‘intended’ system depicting the 
choices a team made, projected for their consequences for the ‘intended’ system. These 
show the whole, including the trade-offs and what is considered most important. 
These visual and often tangible representations offer rich and varied cues. 
Often these representations emerge already in the infancy of an NPD project, when 
project descriptions and requirements are still nebulous. In NPD teams, many 
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objects exist that represent the ‘as-is’ system, including prototypes. However, only few 
representations exist for the ‘intended’ system.

•	 Methods that embrace ambiguity 
Designers embrace ambiguity, and their way of working incorporates several topics, 
problems and aims simultaneously. They tend to propose solutions for complex 
problems, rather than resort to analyzing these. Their methods are a natural fit with 
multi-disciplinary sensemaking processes an NPD team every now and then engages 
in, in order to deal with a doubtful situation.
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Chapter Design,  a boundary spanning practice 

Conclusions of part 3

In the previous chapter the factors in the work of designers that moderate 

team cognition were presented. In this chapter the findings are discussed, 

providing explanations how and why the practice of designers constitutes 

team cognition. Both the level of individuals and the team level are 

discussed. These explanations are needed to prepare the next step of the 

inquiry, namely, to do intentional experiments in distributed teams.

9



229

A range of constituents are distilled from the practice of designers in NPD teams 
that moderate team cognition. Many insights are not discussed before in literature, 

showing that the focus on interacting designers is fruitful to find new phenomena. The 
previous chapter ended with an overview of several factors, but to progress the inquiry 
knowing ‘what’ is not sufficient. The last step of the inquiry is conducting experiments 
in the situation of distributed teams, to validate whether the insights have practical 
value. The doubtful situation concerned that the contribution of designers to teams 
is remarkably hidden and only becomes known after many interactions. Thus, when 
interactions are reduced, such as for distributed teams, this contribution no longer 
surfaces. For experiments in distributed teams, an understanding is required how 
these factors constitute team cognition, i.e., the causal relations. And also a plausible 
explanation is needed why these relations are justified, rooted in the empirical findings 
of this inquiry. Without knowing how and why, it is impossible to infer productive 
propositions that guide experiments, namely, propositions that include ideas how the 
situation can be solved. This chapter discusses how and why the practice of designers 
constitute team cognition, preparing the experiments of part 4. 

In Figure 9.1 an overview of this chapters provided. In line with preceding chapters 
thereby two levels of analysis will be discussed; the level of interacting individuals and 
the level of the team as a whole. In chapter 9.1 the focus is on providing explanations, 
answering the question how and why do the factors constitute team cognition in NPD? 
Therefore also an analogy is developed to explain it vividly, in chapter 9.2. The boundary 
spanning practice of designers is discussed in chapter 9.3 and also the conditions to these 
capabilities. These conditions place limitations for the experiments. 

How and why 
designers 
contribute 
team cognition

(9.1)

Level of interacting 
individuals 

Level of the team

Analogy: 
mirroring 
the mosaic

(9.2)

Boundary spanning 
practice of designers  (9.3)

Conclusions: 
becoming aware       (9.4)

Figure 9.1 
An overview of chapter 9. 

 9.1 How and why designers contribute team cognition
Team cognition is the binding mechanism that underlies alignment and coordination of 
activities. To understand the contribution of designers to team cognition both the level of 
individuals (chapter 9.1.1) and the level of the team (chapter 9.1.2) are discussed.

 9.1.1 An explanation: level of interacting individuals
The joint practice that team members construct in time provides solid anchors for 
individual team members to envision the system they are part of. All team members 
subordinate their activities to this envisioned system they envision. However, whereas the 
‘as-is’ system is well represented inside teams, the ‘intended’ system is harder to articulate. 
The artifacts of the work of designers provide commonly observable means referring to the 
‘intended’ system, and that sometimes become part of the joint practice of team members. 
Posters and reports of projects often include photorealistic renders of the product design, 
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or screenshots of user interfaces. Team members stick renders “above their bed”, as one 
project leader wittingly remarked (chapter 4.3.1). Designerly vocabulary become part of 
the team vocabulary. Th ese artifacts are pivotal for individuals to envision the ‘intended’ 
system as is visualized in Figure 9.2. 

envisioned
‘intended’
system 

envisioned
‘as-is’

system

interact with others

interact with objects

Figure 9.2 
Th e core element for an individual 
interrelating his activities in 
NPD; adapted from Figure 6.7. 
It visualizes a non-designer. 
Th e activities and artifacts of 
designers are often representing the 
‘intended’ system for other team 
members. Th e orange area on the 
right side. For example, a user 
interface demonstrator or a mock 
up of a product design proposal 
both are pointers to the eventual 
product and how someone interacts 
with it.

Th e briefest explanation of how and why designers contribute to team cognition is: 
Designers enhance the ongoing co-development of plausible representations of the 
‘intended’ system that can be experienced by all, and that enables rationalizing what the 
NPD team is developing.

In this explanation several components are named that will be discussed below.

Representations
First of all it needs to be highlighted that it concerns external representations, and not 
internal representations in the mind of individuals. Th ere is no need to resort to ‘internal 
representations’ that are commonly shared to explain the alignment and coordination 
in teams. Th e focus in this inquiry is on common external representations, that can be 
observed and experienced by all and hence guide activities (see also Hutchins 1995; Lakoff  
& Johnson 1999). Representations include visualizations, but also tangible representations 
such as models of the product design or demonstrators of user interfaces and even rich 
narratives (Weick et al.2005: p.409). Note that I do not deploy the word ‘image’, like in 
the defi nitions provided for sensemaking and refl ection-in-action (chapter 4). Especially 
in the context of design, images suggest visual representations only.

Representations of the ‘intended’ system
Th e ‘intended’ system concerns what NPD team members envision what the team 
develops. It provides guidance to activities, however, it inherently is diff erent among 
team members. To align and coordinate activities, representations are required of the 
‘intended’ system. Th e ‘as-is’ system is anchored well in every day practice and objects 
such as prototypes, CAD models, seeing what others are doing and so on. However, 
for the ‘intended’ system less representations are available. What designers do adheres 
to the ‘intended’ system: it visualizes what might be. Designers provide representations 
that enable other team members to envision the ‘intended’ system, and therefore to 
interrelate their activities to the larger system. Also, these ‘designerly’ representations 
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provide sufficient slack to enable swift collaboration, they have ‘the charm of the skeleton’. 
A visual representation of the ‘intended’ system is a pointer guiding activities. These 
representations capture the idea and at the same time leave open sufficient solution space 
for individuals to develop their own lines of activities. 

Representations that can be experienced by all
Designers envision what the ‘intended’ system is in a distinctive user centered framing. 
Their artifacts are deliberately geared for articulating user experiences. Hence, the artifacts 
of designers are visual and often tangible pointers to the ‘intended’ system, enabling 
others to see and experience the consequences of their collective efforts, embodied as 
representations that depict the future product. 

Text based representations as requirements and specifications exclude the experience 
of the ‘intended’ system. It are merely an assembly of topics that all require attention, and 
often including mutually exclusive aims. Text accentuates details, rather than showing 
the unified whole. A long list of specifications disables ‘seeing’ the product, whereas a 
user interface demonstrator or a 1:1 model let all involved experience what it will be - 
including showing the choices made in the team. Seeing, feeling, touching and hearing 
representations of the ‘intended’ system provide many, rich and varied cues experienced 
by all. It enables the team to reflect on (abstract) requirements/specifications and the 
technological choices made in a realm that can be seen and experienced by all. 

Also our experiences are relatively the same for all involved, providing a solid base for 
aligning and coordinating activities (Lakoff & Johnson 1999). All humans are coupled to 
the same world, and experience the world the same way. Interacting with the same objects 
leads to similar experiences, providing a solid ground to align and coordinate activities.

Plausibility
Representations of the ‘intended’ system need to be compelling, comprehensive, coherent, 
a unified whole, rather than accurate and precise. For aligning activities a plausible 
representation needs to show the relations among practices including trade-offs. Team 
members need to be able to interrelate what they do to larger goals and aims, but a thick 
project description does not provide that. A plausible representation shows the balance 
that is sought for, amplifies trade-offs. It should enable discussing the ‘story’ of the 
product, highlight important aspects, preserve the essence and distract the attention from 
unimportant matters. Hence, team members need compelling representations showing 
the whole and obscure details. Representations of designers provide these representations. 
Interestingly, plausibility puts forward aesthetical considerations. Images, models or 
narratives are arguably more compelling than others if these are elegant and show 
wholeness and balance (Dewey 1934). 

Ongoing co-development
The representations are co-developed, because designers do not develop these 
representations on their own. The representations are interpretations made by designers 
based on what others inside the team are doing. It is envisioning and articulating what 
might be, based on what is known at that moment. It manifests by means of external 
representations that are easily understood and can be reflected on by all involved. The 
plausible representations enable others to interrelate their work to, however, are a result of 
the work of these others as well. This co-development is ongoing, because the situation an 
NPD team finds itself is continuously changing: new technical challenges are encountered 
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or enacted as a result of prior choices, or new competitor products are introduced 
changing the market. As a result of this continually changing situation, the envisioned 
‘intended’ system also needs to be adapted continuously. Rather than sticking to the first 
visionary idea, the ongoing redrafting of the representations that point to the ‘intended’ system 
enables building a comprehensive and resilient ‘story’. 

Rationalizing what the NPD team is developing
Lastly, plausible representations of the ‘intended’ system rationalize what the NPD team is 
doing in the here-and-now. They loosely set the boundaries of what is important and what 
is not; what topics to attend to and what not; what the criteria are for ‘good’ or ‘not good’. 
These do not attempt to ‘freeze’ the ‘intended’ system in hard -won sets of requirements. 
Rather representations show team members and stakeholders how to frame things. It shows 
relationships between the activities, puts specific aims up front and obscures others. It 
encourages certain interpretations and discourages others. The subsequent rationalization 
explains these relations, choices and aims. If a project leader puts up a render “made 
on a Monday afternoon” above his desk, or invites managers around a user interface 
demonstrator: he effectively shows how he ‘sees’ the project he is leading to others. These 
representations do not need to be accurate, or all-inclusive. Rather the representations 
need to tell a plausible and unified story.

 9.1.2 An explanation: the level of the team
Designers also constitute the team level cognitive processes of sensemaking and reflection-
in-action. 

Team sensemaking
The findings underscore what other researchers also found, namely that design resembles 
a sensemaking process (Krippendorf 2006; Verganti 2009; Kolko 2010a,b). However, 
this inquiry shows that the methods designers deploy are also a natural fit with team 
sensemaking processes, even if the topic at hand hardly has a relation with the aims of 
designers. 
For sensemaking it is argued that meetings involving experts inherently need to be 
somewhat chaotic:

 “Meetings that are well suited to address ambiguity tend to be messy. Too many cues 
and too many interpretations and too little closure persist for too long when people try to 
discover what they really ought to be addressing and what kind of understandings they 
need to negotiate. Such gatherings are not for the faint of heart” (Weick 1995: p.186). 

As for sensemaking.it is unknown what is looked for, a rigid agenda is counterproductive. 
Rather meetings need to be geared for explicating what is known, reflections, 
comparisons, synthesis and so on. Information needs to be stuck to walls, team members 
need to feel free to say what they think. Designers are at ease with ‘designerly’ workshops 
with many team members and in Océ these ‘designerly’ workshops are deployed often. 
Designers gather people with seemingly relevant knowledge of distinctive practices, 
articulating what they know, assessing it, combining and synthesizing it. The workshops 
have the characteristics of a sensemaking process, enhancing interactions and dialogue. In 
Océ, stakeholders are aware of the skills of designers to facilitate sensemaking processes 
(see Box 26 in chapter 8).
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Team reflection-in-action
For these processes a salient observation is done: in the analysis of critical team meetings 
many of the frames that guide team activities are named by designers. The findings 
suggest that designers are capable in designating team activities. Note that designating has 
the same origins as design, namely ‘designare’, which means ‘to mark out, indicate, signify, 
appoint’ (online etymology dictionary). It seems that designers are skilled in highlighting 
those things in the ongoing flux of events and dialogue that require attention of the team. 

An explanation is that designers facilitate reflection-in-action processes because of their 
user centered, outside-in perspective. The subsequent ‘talking products and users’ provide 
ample means for others to discuss and reflect. It is hard to understand what a specialist 
means when he discusses something of his particular practice for other specialists. By 
means of translating what he discusses to the ‘intended’ system, a common language 
is provided, a sort of ‘Esperanto’, that is operational across practices. Designers make 
these translations instantly, providing an important means for team members to discuss 
complex multi-disciplinary topics.

 9.2 An analogy: mirroring the mosaic
In order to illustrate the findings somewhat better, I extend an analogy that is developed 
in chapter 7.1.1: the envisioned ‘intended’ system as a mosaic of fairly distinctive pieces 
that all constitute the whole. The activities of each team member provide a piece of the 
mosaic. He fits this piece by interrelating his activities to his individually envisioned 
system. Together the mosaic is produced, that at some distance provides a unified and 
coherent image. At the level of pieces this image cannot be seen. None of the pieces 
contains information about the whole and one has to zoom out in order to see the image 
of the mosaic. 

The findings of this inquiry present multi-disciplinary NPD as a partly self-organizing 
system of expertise. Although there are team members who have a specific architectural 
roles: nobody is truly the creator of the mosaic, simply because nobody has sufficient 
knowledge to oversee the extreme indeterminacy of NPD. Relations among the activities 
of team members are complex, and continuously changing. Only team members 
themselves can interrelate their activities to those of others. They are adaptive to the flux 
of events and to the activities of others. The pieces of the mosaic are -at least partly- fitted 
into the mosaic by team members themselves. 

Extending the analogy, designers mirror the collective activities of the team, i.e., mirror 
the ongoing creation of the mosaic. By means of their activities and artifacts, they provide 
a mirror for the collective activities, a mirror that shows a representation of the ‘intended’ 
system. Team members, in order to self-organize need to see what their collective 
efforts result into: the impact of their activities on the ‘intended’ system. How can team 
members know what the team intends until they see what the team creates? A project 
leader mentioned (Appx. 1):

“We are still learning what the project is about (...) We need to have a mock up as soon 
as possible, so that we can invite everybody around it, so that everybody knows what we 
are doing in the first place”.

This may seem as providing a ‘vision’ that is developed a priori the team activities 
commence and/or are ramped up. However, the findings show that embedded designers 
ongoingly mirror the collective activities. For example, ORE was not a ‘design vision’ to 
be ‘executed’, rather it was a complex multi-disciplinary problem requiring expertise of 
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many. If there existed anything that retrospectively can be named a ‘vision’, it emerged in 
the collective activities. The mosaic is constructed by the involved team members, not by 
an all-overseeing director. Thereby the team members are supported by the representations 
the designers provide by translating choices of team members to the ‘intended’ system. 

What needs to be highlighted is that the ‘designerly’ representations are a team effort. 
What designers envision and translate into visual or even tangible representations, is 
a result of interpreting the acts of others. The representations show what might be the 
eventual product for the user, according to the designer. This enables other specialists to 
derive what their work implies for the ‘intended’ system and vice versa. If designers are 
embedded, others will ongoingly provide feedback on the design artifacts. Thus, designers 
adapt their designs and representations accordingly. The designs of the product or the 
user interfaces in time become appropriate representations of these discussions on the 
‘intended’ system, and therefore also shape the envisioned ‘intended’ system. It provides a 
mirror for teams that is available most of the time to see what the impact is of the choices 
they make today, rather than providing a frozen snapshot, made long time ago. A mirror 
that shows the whole, rather than the parts. A mirror that provides images with the charm 
of the skeleton, rather than an abundance of facts and specifications. 

 9.3 The boundary spanning practice of designers
Knowledge boundaries occur if team members have no joint representational space, speak 
different jargon, hardly meet and so on. In the literature, boundary spanners are mostly 
conceptualized as individuals who facilitate the sharing of knowledge by linking two or 
more groups of people separated by location, hierarchy, or function. These boundary 
spanners belong to one of these groups.

In this inquiry another boundary spanning capability is found: namely by means 
of a third practice. Some practices together hardly produce a joint practice, such as the 
practices of hard- and software. By means of considering the consequences of the activities 
for the ‘intended’ system, the team members within distinctive practices can nevertheless 
reflect on their collective work. In those situations that team members hardly have a joint 
practice, the ongoing development of representations of the ‘intended’ system are critical 
for aligning and coordinating activities. 

An important finding of this inquiry is that designers are not assigned to span boundaries, 
rather it is the practice of designing that spans boundaries. In the practice of designers many 
representations are produced that point to the ‘intended’ system for other team members. 
By means of looking at a proposal for a user interface, a mechanical engineer can learn 
what the intended software behavior of the system is. By means of a persuasive render of a 
product, a marketer learns what the NPD team is developing in time. 
Intriguingly designers can span (specific) boundaries in between practices, however 
designers and others are largely unaware of this capability. For example, designers do not 
develop a demonstrator of a user interface with the aim to span a troubling boundary. 
Quite contrary, they develop such a demonstrator for their own aims, namely to test and 
validate their ideas. Yet, the demonstrator is a near-perfect representation for others what 
functionality a product will offer, and how people interact with it. That enables other 
team members to envision what the product likely will be, who will be using it and how it 
fits the larger eco-system of other products. It is visualized in Figure 9.3.
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Figure 9.3
Bridging boundaries between 2 practices, such as the 
practices of soft- and hardware in the ORE case. It 
shows how a boundary between practice 1 and practice 
2 is bridged by means of a third practice, the practice of 
designers. In the ORE also the practice of validator had 
this bridging quality. 

It questions what defi nes a boundary spanner. As discussed chapter 6.4.5, Levina & Vaast 
(2005) discerned nominated boundary spanners and boundary spanners-in-practice. 
In a traditional sense designers are not boundary spanners: they are not nominated 
to do so. However, it can be argued they are not even boundary spanners-in-practice, 
as they have no intention to span boundaries. Th ey simply do their work and their 
practice is what provides bridges between other practices. Levina & Vaast highlight 
that boundary spanners-in-practice “refers to agents who, with or without nomination, 
engage in spanning boundaries of diverse fi elds [i.e., practices]”. Th ereby these agents 
become boundary spanners-in-practice, because they refl ect on objects of other practices 
and develop new objects in their practice that enables boundary spanning. It describes 
precisely what is observed for embedded designers. Designers develop often tangible 
representations of what the team collectively is developing. Representations that are 
easily understood by all and span troubling boundaries. Yet the subtleness may easily be 
overlooked. Consequently, designers are unaware of their boundary spanning capability 
and also in literature is seems to be largely overlooked. 

 9.3.1 Acquiring legitimacy, by showing heed in the activities
Th ree necessary conditions apply for someone to become a boundary spanner-in-practice 
(Levina & Vaast 2005), and this is no diff erent for designers:
•	 A legitimacy to negotiate for others 

Designers are considered to represent the user inside the NPD teams. Th ey are not 
the only ones, but a persistent fi nding is that designers in Océ are esteemed partners 
to discuss user related topics. As a result, they acquire legitimacy to speak for and 
negotiate on behalf of users inside the NPD teams. 

•	 A legitimacy to participate in other practices 
Drawing on the notion of a legitimate peripheral participant (Lave & Wenger 1991; 
Levina & Vaast 2005), any boundary spanning role in practice needs to gain access to 
other practices and understand the implications across practices and also participate. 
Only by participating, designers in Océ gain access to other practices. Th erefore they 
collaborate, and observe and learn what others do. Also they work transparently, 
enabling others to see and experience what designers are doing. It explains why 
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product designers nowadays deploy the same CAD tools as mechanical engineers, 
despite that it is not devised for product design.  
At the same time designers remain peripheral: they participate in order to enhance 
the user experience, however, are not responsible for releasing parts and code. Hence, 
designers only achieve their goals by means of a constructive dialogue. If other issues 
are at stake such as cost price or planning, the balance between the aims of designers 
and those of others is only accomplished by showing heed in the ‘designerly’ choices 
in relation to others; and vice versa. Designers can only acquire legitimacy by showing 
they care about concerns of others.

•	 Have an inclination to span boundaries  
Designers become boundary spanners-in-practice because of their inclination to 
participate across practices. They can only obtain ‘designerly’ aims, by means of 
participating. Design quality draws heavily on the work of others, including hardware 
and software engineers. It explains why designers involve themselves with other 
practices. 

According to Levina & Vaast (2005) these conditions are a necessity. If relations are 
new, arguably designers not immediately can gain access to the practices of others, such 
as engineers. It effectively disables designers to become boundary spanners-in-practice, 
simply because they find themselves at one side of another boundary in the NPD. 

 9.3.2 Limitations in the boundary spanning qualities for designers. 
Consequently, it puts forward challenging conditions for designers to acquire legitimacy 
in situations when not a long working history exists, such as distributed teams. Arguably, 
three limitations exists on the boundary spanning capabilities of designers:
•	 Designers can only span boundaries across practices, if there is a relation to the 

‘intended’ system involved. For example, as a project leader mentioned (Appx.1), 
designers have no contribution in bridging boundaries between production and 
R&D. In that situation envisioning the ‘intended’ system concerns topics related to 
production and distribution, not the product and user.

•	 For complex products, designers need to be embedded inside the NPD teams. At least 
when activities are tightly coupled, i.e., when decisions made by one team member 
directly impacts the work of others. Legitimacy to participate and to negotiate 
for others is achieved by means of showing heed in activities. Activities that show 
awareness of the relation and balance ‘designerly’ aims with aims of others. Heed is 
developed by mean of interactions: seeing and experiencing the impact of mutual 
activities. This is no different for designers than for others: they need to work for some 
time with others, in the same world and with the same objects.

•	 Designers become boundary spanners in Océ among others, because they represent 
the user. This is somewhat specific for Océ, as marketing is more involved with clients, 
who are not the same as users. Océ Design is responsible for the user experience 
of products (chapter 1.1.1). In other organizations, the user experience might be 
represented by others rather than designers; consider marketers. The implication is 
that designers in that situation are deprived of an asset that provides the legitimacy to 
participate and negotiate, arguably reducing their contribution as well.

Above all the second limitation imposes a problem for distributed teams. The question if 
this can be overcome, which is precisely the aim of the last part. 
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 9.4 Conclusions: becoming aware
This entire research is a result of doubt that I experienced if designers are part of 
distributed teams. It matters what designers do, and what is expected of them, if they are 
embedded in teams or not. The findings of this study show how embedded designers in 
their interactions with team members shape considerably what topics the team attends to. 
The designers at Océ -including myself- are largely unaware of their contribution to team 
cognition, or that they span boundaries. 

The typical way of working, and their outside -in, user centered framing sets designers 
somewhat apart from others. Others in Océ are more aware, e.g., asking designers to help 
with technical problems that are highly ambiguous (Box 26). Designers in NPD teams 
are a source of ‘abrasive frictions’ (Box 21), and of constructive collaborations that ‘keep 
the team fluid’ (Box 26). Designers can ‘make one sheet’ out of complex and ambiguous 
information (chapter 3.3.3). Also, ‘designerly’ artifacts are powerful means for others to 
interrelate their activities to those of others. Seeing a screen dump of a user interface can 
transform hours of painstaking negotiations (Box 24). A ´render made on a Monday 
afternoon´ can break a troubling deadlock (Box 24). Not only designers are unaware of 
their boundary spanning practice: in literature the contribution of designers embedded 
in multi-disciplinary teams is also overlooked (chapter 1.2). It needs hardly an argument 
that this unawareness explains the doubt that incited the inquiry: designers do something 
inside NPD teams I was unaware of, something that is embedded in the practice of 
designing. The awareness that results from this research enables proceeding to the next 
step of the inquiry: conducting experiments in-the-wild.  
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Applying 
the insights 
in distributed 
teams

One must learn by doing the thing. For though you think you know it, 

you have no certainty until you try. (Sophocles BC 495-406)“
”
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Chapter Distributed NPD teams

Distilling propositions for experiments

The inquiry is incited by a doubtful situation: unawareness of the 

contribution of designers to teams becomes problematic in the situation 

of distributed teams. The inquiry contains four parts and this last part 

concerns doing experiments in-the-wild in order to validate the insights 

obtained in the previous parts. The lens in chapter 10 is directed on 

distributed teams, to understand what is different from co-located teams. 

These argumentations results in a set of propositions that provide guidance 

for the experiments in the next chapter. Subsequently, the results of several 

experiments in distributed teams are presented in chapter 11. Chapter 12 

presents the conclusions of the complete inquiry. 

10
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This thesis is a result of the doubt I felt as a design-practitioner working for distributed 
NPD teams as described in chapter 1.1. I noticed that working apart from the NPD 

teams or working as part of NPD teams is quite diff erent. Th e lack of interactions with 
other team members reduced the contribution to rather generic activities, which aptly can 
be named ‘skin-deep design’. Th e contribution of designers to teams seem also reduced. I 
learned that the problem not only must be attributed to the nature of distributed teams, 
but also to the lack of awareness of the contribution of designers. Consequently, three 
research questions were put forward in chapter 1:
•	 What factors constitute team cognition in the context of NPD, how and why?
•	 What factors in the work of designers moderate team cognition, how and why?
•	 What can designers contribute to team cognition in the situation of distributed teams, 

how and why?
Th e previous parts were geared for understanding team cognition and the contribution 
of designers to team cognition. However: these fi ndings concern designers who are 
embedded inside NPD teams. Although many interesting insights are found, these do not 
concern distributed teams. Consequently the doubtful situation that sparked the inquiry 
has not been solved. 

Dealing with the third research question requires a diff erent approach. It is aimed 
to improve the situation and to put to practice what is learned. Dewey underscored 
the productive nature of inquiry: problems do not only need to be understood, also 
possible solutions need to be developed and validated. Th e stage of doing experiments 
is a fundamental part of a Deweyan inquiry. Th ese experiments must be conducted 
in the doubtful situation itself and must be guided by means of so-called ‘productive 
hypotheses’, instilled from the insights gathered. For this inquiry the implication is that 
distributed teams at Océ provide the context for conducting experiments. Foreshadowing 
chapter 11, three sets of experiments are conducted, and in Figure 10.1 is shown how the 
experiments fi t in the entire inquiry. 

Experiments
Chapters 10-11

Team 
cognition

and
designers

Experiments
Chapters 10-11
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S1

Institution of the problem 
s1  Stakeholders analysis (Appx. 1)

Determination of problem / solution
s2 Rival theories (Chapter 4) 
s3 Analysis of journal (Appx. 2)
s4 Team reflective practice (Appx.3) 
s5 Cues and frames (Appx.4)
s6 Roles (Appx.5)
s7 Interviews: team members (Appx.6)

Experiments (Chapter11)
s8 Experiment 1: visualizations 
s9 Experiment 2: product story
s10 Experiment 3: projecta's

Figure 10.1
An overview of the inquiry that includes in total ten studies (see chapter 2). Th e three experiments are the last 
step of the inquiry: studies 8 up to 10. Th e fi gure shows that also for the experiments both practice and theory 
constitute. 



242

However, on important topic has not been addressed yet: the nature of distributed teams. 
What is different between a co-located NPD teams and a distributed NPD teams, in 
relation to team cognition? This chapter explores the nature of distributed teams and 
results into a set of propositions. In Figure 10.2 an overview of this chapter is shown. In 
chapter 10.1 a brief methodological intermezzo is provided, explaining what a productive 
proposition is. In chapter 10.2 it is discussed what a distributed team implies in the 
context of Océ, including the limitations and benefits. In chapter 10.3 some key factors 
are discussed for successfully developing products in distributed teams. In chapter 10.4 a 
summary is provided, including an overview of the propositions.

 

Preparing experiments
     (10.1)

Distributed 
teams 
at Océ
         
        (10.2)

The benefits 
for team cognition

The imposed 'burden' 
for team cognition 

Key succes
factors

         (10.3)

A set of
propositions

         (10.4)

Figure 10.2 
An overview of chapter 10.

 10.1 Preparing experiments
Methodologically, in a Deweyan logic the inquiry has not ended when the conclusions are 
drawn on the base of the analysis of observations, even when a profound understanding 
has been established. Only experimentation in the doubtful situation can warrant that 
insights are operational and have practical relevance: 

“The pre-cognitive unsettled situation [doubt] can be settled only by modification of its 
constituents. Experimental operations change existing conditions. Reasoning, as such, 
can provide means (..) but by itself cannot change it” (Dewey 1938: p.121).

As discussed in chapter 2.3.3, in order to guide the experiments, several propositions are 
needed. According to Dewey (1938), in order to distill propositions:
•	 First, the facts need to be established: propositions concerning the factors that 

constitute the doubtful situation at hand. These facts are not absolute truths, however 
provide explanations and are grounded in observations and theory. The discussion of 
limitations and benefits of distributed teams shortly hereafter result into a set of these 
‘facts’ (chapter 10.2). 

•	 Second, productive propositions need to be instilled. Productive propositions arguably 
solve the doubtful situation at hand and are actionable. These propositions are 
ideational and must be formulated as a possibility, rather than as a fact. They need an 
‘if..then’ form: if ‘X’ is done, then ‘Y’ will occur, solving the doubtful situation. Such a 
proposition provides a possibility to experiment. The discussion on key success factors 
in relation to the framework on team cognition provides a set of these productive 
propositions (chapter 10.3). 

For instilling propositions, the typical pragmatic approach is adopted once again: 
combining practice and theory. Concerning practice, distributed teams in the context of 
Océ are presented by means of three boxes. Mostly the analysis of my journal underlie 
these boxes. And concerning theory, a purposive, but not exhaustive sample of the 
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literature is provided to compare the observations with what is known already. Together 
these two enable to put forward a set of productive propositions.

 10.2 Distributed teams at Océ 
Distributed teams are teams that are geographically, culturally and/or organizationally 
dispersed (chapter 1). It is another topic that includes a large body of literature, also 
because it overlaps with ‘GPD’ (global product development, Eppinger et al. 2006); 
‘offshoring’ (ibid.); ‘networked innovation’ (Brusoni 2001); and ‘open innovation’ 
(Chesbrough 2003a, 2003b; Chesbrough& Schwartz 2007). It is not the aim here to 
explore the topic in depth: for the inquiry the situation of distributed teams at Océ 
provide the context for experimentation, and is reflected on. Three boxes will be provided 
this chapter, each adopting another perspective on distributed teams.
•	 Box 28: ‘Distributed teams at Océ’ describes distributed teams at Océ. 
•	 Box 29: ‘The sheet that got away’ highlights the burden imposed on team members.
•	 Box 30: ‘Innovation on the boundaries of the firm’ highlight the benefits. 

Together, the boxes provide a rich and multifaceted view on modern, distributed NPD 
at Océ. Box 28 shows that there is not one type of distributed team. Several types of 
distributed teams co-exist even in one NPD project, both intra-organizational and 
inter-organizational. Also the kind of collaboration varies, ranging from strategic co-
developments to ‘offshoring’ activities to low cost regions. It hardly needs argumentation 
that there are large differences between distributed teams.

What is also shown in Box 28 is that regardless the type of collaboration, it is 
erroneous to assume that a perfect clean cut is possible between the modules of separate 
sub-teams. Although considerable effort is spent on the architecture of the system, 
disaggregating the product in well defined modules, in time always new relations are 
discovered and new relations are enacted. This is not different than for co-located teams as 
described in chapter 6.2. It implies that requirements, specifications or project briefs are 
never all inclusive when delegated to sub-teams. Sub-teams need to accept that changes 
are inevitable and need to be responsive to these changes. 

The situation at Océ is compared to findings in literature shortly hereafter. The review 
shows that the context of Océ is by no means unique and corresponds with many 
other empirical findings. The briefest summary is that on one hand distributed teams 
are heralded for their “greater engineering efficiency; access to technical expertise (..); 
design of products for more global markets and more flexible NPD resource allocation” 
(Eppinger et al. 2005: p.23). Many consider it the next-generation practice of product 
development, and there is no way back. The benefits manifest themselves preeminently at 
the macro-level of organizations. 

On the other hand, for the micro-level of team members, their work has become more 
difficult, as co-developing a product enlarges the indeterminacy in everyday practice. 

Many hours are spent transferring knowledge to other sites, including producing 
comprehensive and quantified specifications, just to find out that the others can ask an 
additional thousand questions. It is a paradoxical situation: in the everyday practice of 
doing NPD, distributed teams impose a serious burden. At the same time distributed 
teams have considerable benefits for NPD organizations. The burden (chapter 10.1.1) and 
the benefits (chapter 10.1.2) will be discussed separately. 
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Th e printer that served as the context of the ORE case, the Océ 
VarioPrint DP Line, is a good example of modern, distributed 
NPD. First an overview is provided, followed by few refl ections.

An overview of a distributed NPD team 
at Océ 
As can be seen in the fi gure below, many functions and modules 
were developed by means of sub-teams, together forming a large 
distributed team. Only the main modules that were developed by modules that were developed by modules

sub-teams are shown: zooming in at the level parts will reveal many 
more contributing organizations. If one considers e.g., the plastic 
covers of the printer, eleven sub-teams at separate geographical 
locations were at some moment involved, though not all at the 
same time. At least, as far as I can reconstruct! 

In the table, the fi rst column mentions the main modules and 
corresponds with the fi gure. Th e second column shows the team 
that developed the specifi c module. Océ (1) is located in the 

Netherlands and is the core teams 
responsible for the integration of 
all modules. Océ (2) in France, 
Océ (3) Rumania, and Océ (4) 
in Singapore. Two Canon sites 
were involved at some time, and 
two sites of a third company. 
Th e third and fourth columns 
depict the type of collaboration, 
and will be discussed below. Th e 
fi fth columns depict important 
characteristics. 

Distributed teams at Océ 

Source: Journal analysis (Appx.2)

B
O

X
 2

8

Océ VarioPrint  DP line
Overview main modules / functions developed by distinct teams

1 2 3 4 5 6 7 8

Printer
Driver

9

1 Printer driver Océ (2)(3) Intra-org. Co-development Developed for many products simultaneously

2 Range of fi nishers Canon (1) Inter-org. Co-development Change of co development partner

3 Printer engine Océ (1) - - Also: integration of all modules

4 Scanner - Doc. feeder Canon (2) Inter-org. Co-development Change of co development partner.

5 Embedded controller Océ (1)(2) Intra-org. Outsourcing 
+ co-development

Developed for many products simultaneously

6 User interface software Océ (1)(2) Inter/intra-org. Outsourcing Developed for few products simulataneously

7 User interface hardware B.(1)(2), Océ (4) Inter/intra-org. Co-development Developed for few products simulataneously

8 Paper Input Module 2 Océ (1)(4) Intra-org. Co-development Developed for few products simulataneously

9 Paper Input Module 1 Océ (1) - - Developed specifi c for this product
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The aim of composing a distributed team 
Th e aim of developing a product by means of a distributed team 
diff ered considerably inside the project:
•	  Strategic partnership, Océ developed preeminently the printer 

‘engine’’, other modules were developed by Canon. Th e 
resulting product is sold by both organizations. 

•	  Specifi c knowledge was available at other (parts of the) 
organization (-s) that was not available inside the Dutch Océ 
R&D organization. For example, developing the user interface 
hardware required dedicated knowledge.

•	  Resources in the Dutch organization were limited, and many 
engineering activities were outsourced. 

•	  Many parts are manufactured in Asia and the engineering and 
preparation of production was partly done locally.

•	  In some countries labor costs are lower, such as for software 
engineering 

Types of collaborations
Th e integration of all parts and modules together was done at 
one site, the ‘core team’. It enabled to test the combination of all 
contributions, including dealing with unforeseen interactions. At 
other sites only few people were knowledgeable concerning the 
whole and the interactions. Distinctive types of collaboration were 
observed and two dimensions are discerned. 
•	  A collaboration was either intra-organizational (all sub-

teams belong to Océ) or inter-organizational (sub-teams 
belong to distinctive organizations). Th e intra-organizational 
collaborations for this product included several Océ R&D 
sites with distinctive expertise. Th e inter-organizational 
collaborations included several organizations located near the 
main R&D site (small modules), and also Canon located in 
Japan.

•	  Some collaborations concerned strategic co-developments: the 
development sites were responsible for the assigned modules. 
Some collaborations were merely about outsourcing activities, 
such as engineering. Th e core site remained responsible for the 
quality of the eventual parts. 

Some modules are developed specifi cally for this product, such as 
a dedicated paper input module (no.9). However, some modules 
are also developed for other products. Consider for example the 
user interface that was deployed for a range of products, including 
Canon products (no.7). Th is shapes considerably the type of 
collaboration, above all adding complexity. For example, each of 
these products had specifi c requirements, as a result of another 
position on the printer. 

Reflections
•	  Although the product is a unifi ed whole, the parts and 

modules were not developed simultaneously. When the 
NPD activities commenced, it was decided to fi nd a strategic 
partner that could deliver a range of modules that ‘fi nish’ 
documents, such as making booklets. Th us, the architecture 
and development of the printer engine (no.3) was attuned 
to accommodate all sorts of existing modules. Eff ectively the 
NPD team needed to balance between integrating existing 
parts, which imposed shortcomings, and developing something 
new, which required time and resources. 

•	  Interestingly, often the development activities of sub-teams 
preceded formal contracts. For example, fi nishers of potential 
co-developers were already analyzed, tested and ‘reversed 
engineered’ before a formal agreement was made. 

•	  Most outsourcing activities started when still many ‘white 
spots’ existed. Stated diff erently: sub-teams had to start 
developing parts and modules, when the requirements were 
far from complete. Due to organizational, cultural or language 
barriers, some sub-teams demanded an extensive and stable set 
of requirements. Th is was impossible to guarantee, leading to 
frictions. 

•	  Th e architecture and integration was done at one site only, 
yet it was observed that the activities of one sub-team also 
impacted the activities of other sub-team, unknowingly. E.g., 
it was found that a user operating the user interface panel 
could cause vibrations that were enlarged by means of the 
arm that connects the user interface to the printer chassis. It 
resulted in malfunctioning parts nearby. Problem was that 3 
sub-team were involved! Disaggregating a product in modules 
and delegating these to sub-teams implicitly assumes that the 
interfaces and relations between parts and modules are stable 
and well known. However, some relations only become known 
when parts and modules are developed.
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 10.2.1 The imposed ‘burden’ of distributed teams for team cognition 
Nowadays teams are distributed for most NPD projects at Océ. In Box 29: ‘the sheet 
that got away’, examples are given what the implications are of working in a distributed 
teams for team members. In short: it imposes a burden: “teams with geographically based 
subgroups (..) trigger significantly weaker identification with the team, less effective 
transactive memory, more conflict, and more coordination problems” (O’Leary & 
Mortensen 2010). Below reflections are provided on the situation at Océ, combining the 
observations with a literature review.

The enlarged indeterminacy
NPD in multi-disciplinary teams includes an extreme indeterminacy that all team 
members experience in their daily work (chapter 6.2). In the case of distributed teams at 
Océ, the indeterminacy is inevitably enlarged, as the relations among team members are 
less well known.

First, Océ sometimes co-develops products with other organizations to access 
knowledge that is not available in the organization. As a result, the team members lack 
a ‘shared context’; a ‘shared working history’; ‘familiarity’ and ‘shared identity’ (Sosa et 
al. 2002; Hinds & Bailey 2004; Hinds & Mortensen 2005; Espinosa et al. 2006, 2007; 
O’Leary & Mortensen 2010; Bergema et al. 2011). Stated differently: they are a ‘group 
of strangers’ (Mannix et al. 2002). Also, the methods deployed in the two organizations 
differ considerably, making it hard to align activities (Orlikowski 2002; Hinds & Bailey 
2004; Montoya et al. 2009; Maurer & Valkenburg 2011). 

Second, for effective co-development it is required that sub-teams can progress 
relatively on their own. Considerable time is spent on defining what each sub-team needs 
to deliver, and establishing the interfaces between functions/modules. Still, some relations 
simply cannot be foreseen, regardless the expertise of team members involved. The ‘sheet 
that got away’ in Box 29 illustrates this well: for complex products a perfect ‘clean cut’ in 
parts and well defined interfaces is an illusion (Bucciarelli 2002: p.227). 

Third, the often implicit criteria deployed for judging what is ‘good’ and what is ‘not 
good’ vary considerably across organizations (Schein 3rd ed. 2004; Drost 2010) and only 
manifest in time. Not until considerable work is done and crystallized into tangible parts, 
some fundamentally different criteria surface such as the ‘sharp edges’ (Box 29).

Fourth, expectancies on roles contrast considerably: what e.g., a ‘designer’ does varies 
across organizations. Whereas at Océ product designers co-develop their designs with 
engineers; in other organizations designers and engineers work separately and above all 
sequentially. These differences only become clear when teams collaborate, not before. Well 
established roles contribute positively to the performance of ‘temporary’ or ‘fluid’ teams 
(Bechky 2006; Bushe & Chu 2011). These findings lead to the first ‘fact’: a proposition 
describing a factor that constitutes the doubtful situation: 

F1: For distributed NPD teams, the indeterminacy team members experience is 
enlarged. 

Reduced interactions among team members
In the distributed teams of Océ, interactions among team members are significantly 
reduced across the sub-teams. E.g., in Box 29 it is shown how I -as a designer - hardly 
had interactions with engineers of other organizations, let alone with the designers. The 
interactions are reduced in many ways. There is a lack of face-to-face contacts, in favor for 
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Distributed teams are everyday practice in the context of Océ 
NPD. Below four exemplary cases are described that are by no 
means unique. 

Example 1: ORE across modules 
Even though the ORE case was specifically chosen because the 
core team was non-distributed, also typical problems inherent to 
a distributed team manifested. The system included equipment 
of third parties. Doubt arose among team members concerning 
the accessibility of sheets in the transition area between the Océ 
printer engine and the other modules. It provided the agenda 
for a meeting that is analyzed in depth in Appx. 3. A surprise 
reframed the team entirely and was a direct result of the complex 
inter-organizational collaborations. The problem did not exist after 
all, however that was discovered in the meeting. The third party 
module had behavior no one was aware of: after closing a door the 
problem was solved ‘miraculously’. The sheet ‘got away’ to an area 
that was much better accessible. 
How is it possible that all members were unaware of the behavior? 
The answer is that the knowledge was ‘in between’ organizations. 
Although the problem at hand was considered serious, even in 
hindsight it is a ‘minor detail’ considering the complex interface 
between the units. In order to integrate modules, the entire 
architecture of the printer engine needed to be adapted, including 
the paper path, electrical interfaces and software behavior. Nobody 
asked what the system behavior is, if a small door inside a finisher 
is opened and closed again. Nobody considered explaining it either.

Example 2: Too many requirements for a 
small user interface
The aforementioned example shows that it is impossible to oversee 
all requirements beforehand, however it can also be the other 
way round: too many requirements are counterproductive. An 
example from the ORE case concerns an intra-organizational 
collaboration. A R&D team in Singapore had to develop a print 
board for a user interface that needed to be integrated in the 
covers of a large module. The large module was developed by the 
core team in the Netherlands. A large set of requirements was put 
forward, including generic space requirements in which the print 
board should fit. Although the thickness of the unit was critical 
to fit it into its environment, in other dimensions it was not. The 
Singaporean team worked day and night in order to fit it within 
the assigned space requirements, which in the end turned out to 
be impossible. Ironically, there was ample space available: only 
some screws needed to be repositioned by an engineer in the core 
team. It took him a few minutes. Problem was: the engineers in 

Singapore didn’t ask for it. They were oblivious of the context and 
did not know that it would not be difficult to provide them more 
space. It is well possible that trust issues proliferated: I believe that 
they considered it incompetent to renegotiate the requirements.

Example 3: Sharp edges
In the situation of inter-organizational teams, the criteria 
deployed across organizations varied considerably. It incited 
many discussions: what is considered a problem, or what is 
considered sufficient? The criteria only surfaced in time, when the 
collaborations resulted in concrete proposals. 
An excellent example is provided by what at first sight may seem 
a detail: sharp edges. Although sub-teams of two organizations 
already collaborated for quite some time, nobody considered 
what the criteria were for sharp edges in parts that are accessible 
for users. The distinctive criteria only surfaced when production 
prototypes were evaluated and when considerable investments 
had already been made. Although all agreed that those parts users 
interact with should have no sharp edges, the edges of many other 
parts were disputed. Team members of the two organizations could 
not agree on the topic, also because many parts were included. 
Accepting the change proposals had considerable consequences 
for the cost price and planning. In time more and more team 
members became involved. It even laid bare the fundamental 
differences in how quality assurance is organized inside the 
organizations. Eventually the ‘detail’ of sharp edges required active 
interventions and considerable attention of senior management in 
two organizations. 

Example 4: Product design in distributed 
teams
The product design for the Océ VarioPrint DP line needed to 
include many large modules of strategic partners. I was responsible 
for the product design of the product and the development of this 
product design was a bumpy road. 

First of all, the main co-development partner changed and also the 
vision on which modules to integrate varied in time. Hence, the 
product design had to be redone four (!) times, nearly from scratch. 
Worse, three times the designs were entirely re-engineered, even 
including preliminary tooling (see figure next page). 

Second, the strategic partners had in-house design departments 
that contributed ideas, designs, recommendations and 
requirements. The contacts were difficult and not just because of 
the differences in language. The main problem turned out to be the 

The sheet that got away

Source: Journal analysis (Appx.2); Team reflective practice (Appx.3)
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formal organizational boundaries. Our contacts mostly went via 
assigned boundary spanners, who had (many) more topics to settle 
on apart from design. Th e implication was that I needed to develop 
a design on which other designers wanted to have some infl uence 
on. However, I had to ‘fi nalize’ the design of many parts for the 
engineers before I had contact with designers in other organizations! 

Th ird, the role-expectations of a designer varied considerably 
across the separate organizations, which manifests above all in 
the relations with engineers. Whereas at Océ designers directly 
interact with engineers and co-develop the product design, in other 
organizations the engineers expected a ‘frozen’ design for the parts 
they will develop. Th e other way round, developers and engineers 
of other organizations were amazed -if not annoyed- that designers 

questioned the technological choices made, because these choices 
had consequences for the user experience.

Fourth, the aim of the product design was, among others, to show 
a unifi ed and coherent product. Normally I design the whole, and 
then zoom in on parts. However, in the project several modules 
were incorporated that already existed and even small adaptations 
in these modules required extensive negotiations. Th us, the parts 
preceded the whole. Even though the product was developed 
concurrently, the design activities showed a sequential character, 
whereby the agenda was provided by the contracts with partners. 
 

20092006

2011
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email and telephone. Direct, verbal communication is difficult, because of first languages 
(Sosa et al. 2002; Montoya 2009) and the distinct jargon deployed inside organizations. 
Also direct communication is deliberately reduced to ensure that no confidential 
information is shared, as the co-development activities often precede formal contracts. It 
disables spontaneous communication between team members of distinctive sub-teams. 
Yet it is found that spontaneous rather than formal communication contributes to team 
performance of distributed teams (Hinds & Mortensen 2005; Lawson et al. 2009). 
Team members have a lack of awareness what other sub-teams do and hence they do not 
learn how and why others act the way they do (Pinto et al. 1993; Belotti & Bly 1995; 
Mannix et al. 2002; Orlikowski 2002; Mortensen & Hinds 2001, Hinds & Mortensen 
2005). It is known that reduced interactions and awareness of others decreases team 
performance (Gutwin & Greenberg 2004: p.177). 

F2: For distributed NPD teams, team members have fewer interactions, and hence the 
means to interrelate their activities with those of others are reduced.

Reduced interactions with objects
The number of interactions with meaningful objects that depict the larger system 
is reduced for team members of sub-teams. At Océ, the core team is responsible for 
integrating modules and functions of the sub-teams. Team members in the sub-teams 
hardly see the integrated whole, let alone parts developed by other sites. Worse, the team 
members in the sub-team never personally see and experience the integration of their 
efforts in the larger system. The core team integrates the parts and validates them. All 
things that are unexpected, such as malfunctioning parts, are provided as feedback to 
the sub-team, often as additional requirements. Thus, team members of sub-teams only 
indirectly learn about their relations with others. Having a ‘shared reality’ is considered 
fundamental for distributed teams (Mannix et al. 2002). 

F3: For distributed NPD teams, team members have less interactions with objects that 
show their collective work, reducing the means to interrelate activities with those of 
others.

Limited means to envision the system
By means of interactions with others and objects, team members can envision the system 
they are part of. As interactions are reduced in distributed teams, also envisioning the 
system gets harder. Also, if no joint representational space exists, it becomes impossible to 
see and experience what the collective team is developing and to envision the system. This 
lack of seeing what others are doing is amplified when different ICT tools are deployed 
(Orlikowski 2002; Hinds & Bailey 2004; Montoya et al. 2009; Maurer & Valkenburg 
2011). It is visualized in Figure 10.3, which shows an individual team member who is 
part of a sub-team. Like any other team member, he interrelates his activities with those of 
others. He has only limited interactions with others or with object that show the collective 
efforts, and often only indirect. As a result envisioning the system is difficult, regardless 
whether it concerns the ‘as-is’ system or the ‘intended’ system. 

F4: For team members inside distributed teams, less means are available to envision the 
system they are part of, reducing the means to interrelate activities with those of others.

 

     



250

envision  
‘intended’ 
system

envision 
 ‘as-is’ 
system

interact with objects

interact with others

Figure 10. 3
Th e limited envisioning of the system, of an 
individual who is part of a sub-team (adapted 
from Figure 6.7). Th e area (orange) is reduced 
as team members in sub-teams have fewer 
interactions with others and with objects. 
Consequently, they also have reduced means to 
envision the system they are part of.

Th e slow emergence of team mind
If the means for individuals to interrelate their activities to those of others is reduced, also 
the development of team mind is hindered. Th e organizational boundaries as a result of 
sub-teams, hamper the mechanism of interdisciplinary moves and the self-organization 
of expertise around problems. Pinto et al. (1993) found that above all ‘cross functional 
collaboration’ reduces strongly if physical distance is larger. Despite the ongoing 
improvement of ICT systems since, the fi nding is supported in more studies (Belotti 
& Bly 1995; Sosa et al. 2002, 2004; Hinds & Mortensen 2005; O’Leary & Mortensen 
2010). Also, to enable progress the sub-teams work relatively on their own, and in the 
planning fairly large steps are preferred. Glitches are prone to occur, for example, because 
only after considerable time and eff orts, team members learn that they overlooked a small 
yet pivotal issue at the beginning. 

Issues of legitimacy and reputation proliferate, as Box 29 shows: sub-teams are less 
inclined to show that they experience a problem, because it may seem that they are 
incompetent (Edmondson 2003; O’Leary & Mortensen 2010). Yet self-organization of 
expertise around problems hinges on transparency and trust. 

F5: For distributed NPD teams, team mind emerges slower than for non-distributed teams.

More sensemaking processes
Sensemaking processes start, because ambiguity is experienced inside teams: more 
than one interpretation is possible (chapter 7.2). As the sub-teams have distinctive 
organizational and/or cultural background, many events will inevitably be interpreted 
diff erently, resulting in confl icts (Hinds & Mortensen 2005). In Box 29, an example is 
provided by the sharp edges of parts: it may seem a detail, however required an extensive 
sensemaking process in two organizations. Due to intra- and above all inter-organizational 
collaborations, many events will incite sensemaking processes, simply because people 
inside distinctive organizations give a diff erent meaning to these events. Note that 
sensemaking opposes ‘business as usual’, is unplanned and requires time. 

F6: For distributed NPD teams, sensemaking processes will occur more often, because 
distributed teams encounter more surprises as a result of ambiguity.

     



251

     

User interfaces of products at Océ were always developed per 
product. During the last decade the focus of Océ Design shifted 
from the ease of use of products to the ease of use of the system: 
the eco-system of products and software applications together 
(Debije-Meessen & Jansen 2006; Stompff et al. 2008). Also the 
vision was developed that all products needed unified user interface 
panels. A project started with three goals: a unified user interaction, 
a signature element for the styling of Océ products and a strong 
cost reduction. 

The design process
The product designers were aware that the panel would become 
dominant for the product design of all their products. It was 
decided that the development was a team effort. To prevent 
organizational myopia, the designers teamed up with an external 
design office to develop a conceptual direction. The distinct 
framing and qualities of the external designers contrasted to 
those of the Océ designers, resulting in constructive friction. I 
personally experienced it as ‘going back to school’. E.g., explaining 
why specific choices are made in the past were hard to explain 
outside the Océ context. In a range of collective workshops several 
design concepts were developed, which were presented by the Océ 
designers to stakeholders inside Océ for feedback. The concepts all 
had specific names that captured the core idea, and also enabled to 
discuss it e.g., on the phone or in emails. In time the collective team 
developed a conceptual proposal for a small range of user interface 
panels of distinctive sizes, which was embodied by means of one 
mock up (see photo). It enabled to present the ideas well in several 
NPD projects. From the start until the end the team was composed 
of both internal and external designers: the specific knowledge 
and skills of the external designers was accessed, combined and 
synthesized with the knowledge and skills of the Océ designers. 

Developing and engineering 
The technical development of the interface panel was outsourced to 
a contract supplier. The sub-team responsible for the development 
was based in the Netherlands. Several inter-organizational 
workshops were organized for multi-disciplinary problems, such 
as the complex hinge; the difficult electrical cabling or the light 
guides. For that reason the integrated prototype was frequently 
visited, providing a good understanding of the context. Also 
I explained in depth main design choices at the level of the 
system, rather than the unit itself. It enhanced the collaboration 
considerably. They were capable to implement ‘costly designerly’ 
ideas, such as guiding four cables invisibly through the hinge at low 
costs. At Océ it was considered an ‘impossible’ feature, requiring 
dedicated, expensive cables. 
In order to reduce engineering costs, the engineering of the unit 
was outsourced to an Asian sub-team, part of the contract supplier. 
All specifications, CAD models and other data were passed on, and 
the sub-team in Asia was briefed. The transfer did not go smoothly: 
much implicit knowledge that was built up inevitably remained in 
the Dutch site. All involved team members in that sub-team only 
had very limited knowledge of the system they were engineering, 
apart from specifications and requirements. They didn’t know what 
Océ is; never saw a photo of the product, or an overview in CAD; 
let alone an integrated prototype. It took time and effort before the 
Asian sub-team could make progress once again. Nevertheless, they 
included expertise that was new for Océ and that turned out to be 
valuable. E.g., their way of working included a step to fine tune the 
tooling for plastic parts in order to have nearly perfect connecting 
covers. A level of quality that was unprecedented for Océ. 

Innovation on the boundaries of the firm
Source: Journal analysis (Appx.2)
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 10.2.2 The benefits of distributed teams for team cognition
Whereas individual team members may experience a burden in their daily activities, at the 
level of the organization distributed teams have important benefits. Box 30: ‘Innovation 
on the boundaries of the firm: a new user interface panel’ provides an exemplary case. The 
case shows both the inherent difficulties of outsourcing development to others, and at that 
all partners included knowledge that proved to be valuable for the eventual product. 

Accessing and integrating knowledge
The first benefit for organizations to choose for distributed teams is the access to specific 
knowledge (Chesbrough 2003a, 2003 b; Chesbrough & Schwartz 2007; Eppinger & 
Chitkara 2006). Organizations, such as Océ, develop networks of suppliers of parts, 
technology and third party equipment. These networks enable to develop integrated 
products, even though not all required knowledge and resources are available (Brusoni et 
al. 2001). The aim is not to acquire this knowledge, but rather to access this knowledge 
and integrate it into a product (Grant et al. 2004). For example, the engineering of the 
interface panel (Box 30) was delegated to another organization, because this organization 
has more relevant knowledge that needed to be accessed. 

A second benefit is the inherent cost reduction of outsourcing activities to low cost 
regions where highly skilled employees can be found. Enabled by modern ICT tools, 
nowadays in general many R&D activities are ‘off-shored’ to sites in Eastern Europe, 
India and China (Eppinger & Chitkara 2006). In the Océ context the recent institution 
of (smaller) R&D sites in Eastern European countries shows a similar trend. 

A third benefit of outsourcing activities to other areas is their proximity to 
manufacturing (Eppinger & Chitkara 2006). Ramping up a newly developed product 
requires close collaborations of developers and manufacturing sites. In the Océ context the 
R&D site in Singapore is exemplary, located relatively close to several production sites. 

F7: Distributed teams enable to access, share, synthesize and integrate knowledge that is 
not available inside an organization.

Sensemaking leads to innovation
Organizational boundaries may serve as a source of conflict, hampering innovation 
(Kogut & Zanders 1992; Leonard-Barton 1995; Carlile 2002; Hinds & Mortensen 
2005). However, organizational boundaries also serve as a source of innovation (Allen 
1984; Fiol 1995, Leonard-Barton 1995, Chesbrough 2003a, 2003b; Chesbrough & 
Schwartz 2007). Innovation is defined here as something new to the organization that 
proves to be valuable for stakeholders, which can be a product; a technology; a method;  
a service. 

The framework of team cognition provides an explanation: all sub-teams have a 
distinctive framing on topics due to their historical background and context: and that 
results into ambiguity. The ambiguity may lead to conflict, however conflicts can be 
abrasive: resulting in new insights. In time, sensemaking processes enable teams to 
learn something new, or transcend what is known. Box 30 shows how several sub-teams 
collaborated on one unit, and that the boundary was both troublesome and leading to 
innovation. In time, each of the sub-teams contributed by means of innovative ideas that 
in time enhanced the quality of the unit at hand. The interactions between the sub-teams 
incite sensemaking processes, sometimes leading to innovation. 

F8: Sub-teams interpret things differently, leading to ambiguity. The subsequent 
sensemaking processes can lead to innovations.
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Sensemaking prevents groupthink
Sensemaking processes among sub-teams question the implicit premises of team 
members. Team members cannot proceed their activities ‘as usual’ and need to explain 
to others why they do things. As such, they reflect on what they do and why they do it. 
As discussed in Box 30, collaborating with external designers not only enables to access 
knowledge of others; it also leads to reflections on the knowledge of designers inside Océ. 
It may lead to reframing a team, and also prevent that team members carelessly continue 
activities without considering whether these activities are adequate. In the latter situation, 
team members do things routinely, without much thought and no longer respond 
to unexpected events: what is named groupthink (Janis 1972). The diversity and the 
distinctive framings in distributed teams effectively disable groupthink. 

F9: Distributed teams provide diversity and multiple framings on topics, disabling 
groupthink to evolve inside NPD teams.

Overcoming challenges is beneficial for team mind 
Recently, publications discuss the apparent paradox between in the imposed burden and 
the inherent benefits of distributed teams, explaining that the “challenges are the benefits” 
(Edmondson & Nembhard 2009). A distributed team disables business-as-usual and 
requires responsiveness of all team members. Team members cannot fall back on what 
they know and the relations they have with others. Assumptions are overthrown, insights 
explored and new knowledge is created. Hence, although team mind emerges slowly, 
distributed teams can be beneficial to team mind. It requires another attitude of team 
members. The challenging conditions require that team members are more responsive 
to others and to events, that in time possibly result in the development of team mind 
that is more adaptive and resilient than for non-distributed teams - if the challenges are 
overcome. 

F10: For distributed teams, the inherent challenges enhances the resilience of the team to 
deal with unexpected events. 

 10.3 Key success factors for distributed NPD teams 
The literature on distributed teams often discusses ‘mitigating’ factors for team members 
to reduce the imposed burden. The factors enhance co-development in distributed teams. 
Interestingly, these mitigating factors emphasize the social dimension of NPD, such as:
•	 Face-to-face meetings, common training, common structures and learning-by-doing 

(Orlikowski 2002).
•	 Informal communication and shared context (Hinds & Mortensen 2005).
•	 Informal socialization (Lawson et al. 2009).
•	 Mutual trust (Edmondson & Nembhard 2009). 
•	 Responsive methods and ongoing communication, rather than standardized methods 

and requirements (Eckstein 2010).

All these publications shift the focus from standardized methods, requirements, 
specifications and progress reports, to a focus on dialogue, context, objects and tools. 
Combined with the framework for team cognition, several factors that possibly enhance 
alignment and coordination in distributed teams can be distilled. These result in 
productive propositions that provide guidance for experiments. 
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Establishing joint practice/joint representational space
Team members that hardly understand each other’s practices, can seamlessly align and 
coordinate activities by means of their joint practice (chapter 7.3). This is no different 
for distributed teams, implying that the distinctive constituents for joint practice are also 
relevant for distributed teams and requiring development.

•	 Boundary objects 
It is undisputed that sub-teams need to share and access the same data sources and 
repositories (Orlikowski 2002; Hinds & Mortensen 2005; Eppinger & Chitkara 2006. 
E.g., mechanical engineers across sites need to share CAD models. Next to sharing 
data, also other boundary objects enable team members to align and coordinate their 
activities. E.g., by means of ‘reverse engineering’ the artifacts of other sub-teams, team 
members can infer to some extent what the relations are (see for an example: Box 28), 
even when for some reason no communication is possible. Above all tangible objects 
provide varied and rich cues far beyond what can be communicated. Seeing how 
modules are constructed; feeling the sturdiness of parts and modules; experiencing the 
behavior: the (sensory) experiences constitute establishing relations. 

•	 Linguistic artifacts 
Because sub-teams often have different first languages and deploy jargon, explicitly 
developing a project vocabulary enhances collaboration. Likewise, at Océ I learned 
that the troubling language barrier with Asian sites is mitigated by explicitly 
developing a dedicated vocabulary for parts, modules, problems and solutions. 

•	 Boundary events 
These are meaningful demarcated events that are experienced by many (chapter 6.4.4). 
For non-distributed teams testing integrated prototypes, and usability tests are decisive 
moments for team learning (see Box 14: ‘you can read reports but sometimes you have 
to be there’). For distributed teams at Océ only the core team experiences these decisive 
moments. The sub-teams are cut off from these particularly meaningful events that 
enable to learn. Sub-teams should be invited for such meaningful events, enabling 
them to better understand their relation in the larger system.

•	 Boundary spanners 
Boundary spanners are key for the relations between sub-teams. Team members 
acquire the legitimacy for becoming boundary spanners in practice if several 
conditions are fulfilled (Levina & Vaast 2005): (1) they have to participate on both 
sides. (2) They have to negotiate on behalf of others, and (3) have an inclination 
to span the boundary. For example, the boundary between the Océ organization 
and external designers in Box 30 was bridged by motivated internal designers who 
participated on both sides and could negotiate across the boundary. 

These findings lead to the first productive proposition: a proposition that puts forward a 
solution for the doubtful situation.

P1: If a joint practice is constructed in a distributed team (including objects, 
vocabulary, meaningful events and boundary spanners), then the alignment and 
coordination of activities should be enhanced. 

Envisioning the ‘as-is’ system
A problem that is persistent for the distributed teams, is that some sub-teams hardly 
have access to objects that enable team members to envision the system they are part 
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of. The other way round, if sub-teams see and experience the unified system by means 
of a prototype, or even get some insights by means of photos, renders or CAD files, 
the collaborations are enhanced. Team members need to see and experience what their 
activities result into, and what the activities of others imply for them. It cannot adequately 
be dealt with by means of requirements and specifications: only team members can 
establish the interrelations between their activities and those of others well. Consequently, 
team members need to interact with meaningful objects depicting the collective efforts 
themselves, or witnessing meaningful events, such as usability tests, or customer trials. 

P2: If team members of sub-teams can interact with objects or representations of the ‘as-
is’ system, then the alignment and coordination of activities should be enhanced. 

Envisioning the ‘intended’ system 
The ‘as-is’ system is often well represented by means of integrated prototypes, CAD 
models including the work of many and so on. The ‘intended’ system is poorly 
represented, above all in the infancy of an NPD project, when it still is nebulous and 
ambiguous. Already for co-located teams at Océ, envisioning the ‘intended’ system is 
difficult. For distributed teams, requirements and project briefs do not provide sufficient 
guidance, well illustrated by means of the sub-team that had to engineer a user interface 
on the base of requirements and specification, however, was deprived of any contextual 
information (Box 30). For distributed teams at Océ, it seems that for aligning and 
coordination of activities, team members in all sub-teams need to have some contextual 
information on what the ‘intended’ system is, in order to act heedfully. 

P3: If representations of the ‘intended’ system are co-developed that are easily understood 
across distributed teams, then the alignment and coordination of activities should be 
enhanced. 

Awareness of sensemaking processes 
Sensemaking processes always are incited by surprises and ambiguity. It leads to additional 
activities nobody expected. Hence, sensemaking often is considered ‘stalling’ progress. 
Yet sensemaking processes occur more often in distributed teams, lead to innovation, and 
prevent organizational myopia. However, sensemaking processes should be managed as 
such, also in the situation of distributed teams. For example, knowledge across sites need 
to be articulated, collected, shared, assessed, and synthesized into a unified whole that 
provides a plausible ‘story’; rather than attempting to short cut the process by boldly and 
prematurely making decisions. Also, sensemaking cannot be done by means of templates, 
progress reports depicting progress, email and so on. Face-to-face contacts are required 
(Weick 1995: pp. 185-187) and objects providing many cues (chapter 7.2). These face-
to-face meetings require working methods that embrace ambiguity rather than attempt to 
deal with it by means of quick decision making. 

P4: If surprises are encountered and ambiguity prevails in distributed teams, then 
distributed teams need to resort to sensemaking processes.

Awareness of reflection-in-action processes
Compared to sensemaking, team reflection-in-action fits the organization of distributed 
teams better. Reflection-in-action concerns the development of strong frames that provide 
guidance for subsequent activities. Yet it concerns a conscious process, where actively 
progress is monitored and reflected on, responding to unexpected events. These processes 
need to be managed as a reflection-in-action process. For example, the representations of 
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frames should describe the core idea, rather than establishing long lists of requirements 
and specifications. Sub-teams should be able to progress relatively on their own within 
the frame guiding activities. Also, for team reflection-in-action, seeing and experiencing 
the collective efforts is pivotal: it is the sole means that enables reflections. It requires 
that sufficient transparency is provided on what other sub-teams are doing and that team 
members in sub-teams should see and experience the integration of their work in the 
collective work in some way or another.

Only if the effects of activities of the sub-team can be experienced in relation to the 
whole, the team members inside sub-teams can learn what their interrelations are with 
other activities of other sub-teams, and in time show heed in their activities. It concerns 
the development of team mind, whereby alignment and coordination no longer require 
explicit communication. 

P5: If distributed teams are in a reflection-in-action process, co-developing frames across 
sub-teams enhances subsequent alignment and coordination of activities.

 10.4 A set of propositions
In this chapter, salient observations on distributed NPD teams at Océ are combined with 
a purposeful sample of literature. It shows the janus-faced nature of distributed teams: 
distributed teams both impose a burden and are beneficial for team cognition. A range of 
‘facts’ in a Deweyan sense are distilled, and serve to explain this.

The burden is a result of the enlarged indeterminacy that team members experience 
(F1). The number of interactions between team members is seriously reduced, if not 
entirely cut off (F2). Also a distributed team inevitably sets a boundary between practices, 
disabling to observe meaningful objects that represent the collective activities (F3). 
Consequently, team members find it harder to envision the larger system they contribute 
to (F4) and team mind only slowly develops (F5). As sub-teams mostly have distinctive 
backgrounds, they interpret events differently, resulting in surprises and paralyzing 
sensemaking processes (F6). 

The benefits concern that organizations have access to knowledge that is not available 
inside the organization (F7). Also, distributed teams provide diversity and multiple 
framings on topics; preventing groupthink (F9). Innovations are more likely to occur 
as a result of inevitable sensemaking processes (F8). The challenges team members face, 
enhance resilience to deal with unexpected events (F10). Interestingly, it surfaces that for 
team cognition most burdens arise at the level of interacting individual team members. 
Yet the benefits operate at the level of the team, if not the level of the organization. The 
latter explains why most NPD teams at Océ nowadays are distributed, and also why a 
team member of NPD teams at Océ experiences many doubtful situations.

The set of the aforementioned propositions explain well the doubt I felt when designing 
for distributed teams as compared to co-located teams, as explained in chapter 1. By now 
this doubt can be explained well. The lack of interactions result into that the contribution 
of designers, beyond what is formally is expected of them, only slowly surfaces. Generic 
expectations on roles prevail, including what ‘designers’ do, and will only change after 
considerable time. They no longer produce representations that ongoing mirror what the 
team is doing, rather they develop designs apart from the teams, according to a design 
brief. Their boundary spanning practice will not manifest, simply because designers no 
longer participate with distinctive practices in between a boundary exists. Rather they 
experience a boundary themselves: with other team members in other sub-teams. 
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The next chapter describes three series of experiment to solve the doubtful situation 
of designing in distributed teams. In this chapter five productive propositions are put 
forward that provide guidance what experiments to conduct, and that can be validated. 
These propositions are not specifically attuned to designers, rather these concern 
distributed teams in general. However, as designers are the topic of interest in this thesis, 
the propositions will be framed on relation to the practice of designers.

P1:   If a joint practice is constructed in a distributed team (including objects, vocabulary, 
meaningful events and boundary spanners), then the alignment and coordination of 
activities is enhanced. 

P2:  If team members of sub-teams can interact with objects or representations of the ‘as-
is’ system, then the alignment and coordination of activities is enhanced. 

P3:  If representations of the ‘intended’ system are co-developed that are easily understood 
across distributed teams, then the alignment and coordination of activities is 
enhanced.

P4:  If surprises are encountered and ambiguity prevails in distributed teams, then teams 
need to resort to sensemaking processes.

P5:  If distributed teams are in a reflection-in-action process, co-developing frames across 
sub-teams enhances subsequent alignment and coordination of activities.
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Chapter Facilitating team cognition

Three experiments in-the-wild 

This chapter describes three series of experiments that were performed in 

distributed teams. All revolved around representations of the ‘intended’ 

system. The experiments show convincingly that expressing (rather than 

articulating) the ‘intended’ system enhances team cognition in distributed 

teams. An important insight is the need to ‘talk visuals’ for distributed 

teams. An unexpected, additional finding is that sensemaking processes in 

distributed sub-teams are handicapped and hardly observed. 

11
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Although the benefi ts of distributed teams are considerable for organizations, in 
distributed teams, its members experience a burden that makes it hard to interrelate 

their activities to those of others. Th is is the core mechanism of team cognition and 
consequently aligning and coordinating activities becomes troublesome. 

Th e third research question is: what can designers contribute to team cognition in 
the situation of distributed teams, how and why? It is a relevant question, because it is 
found that designers have capabilities to facilitate team cognition. It concerns skills, tasks 
and specifi c aspects in their activities that are often demanded for inside NPD teams, 
however that are not part of their formal role as designer. Problem is: designers are largely 
unaware of their specifi c supportive contribution to team cognition, at least at Océ. In the 
past, in the situation of distributed teams neither the designers at hand nor the involved 
sub-teams will request that designers perform specifi c contributory tasks to facilitate team 
cognition. It takes a decade of collaborations among distinctive R&D sites before the 
specifi c contribution of designers for the alignment and coordination of team activities 
(i.e., team cognition) is recognized and asked for, as the introduction vividly showed 
(chapter 1.1). 

Th is chapter revolves around three series of experiments conducted inside distributed 
teams, spanning more than a year. Th e insights gathered in the previous chapters are put 
to practice and validated in the situated context of distributed teams at Océ. Th ereby the 
fi ve propositions of the previous chapter serve as guidance and will be validated. 
In Figure 11.1 an overview of this chapter is provided. First it will be explained what 
topics served the experiments and why. Also a personal stance will be articulated how 
the experiments are performed (chapter 11.1). Subsequently, the three experiments are 
described (11.2 up to 11.4). In short, these concern visualizations, product stories and 
projecta’s (a defi nition will be provided shortly hereafter). In chapter 11.5 the fi ndings 
across the experiments are refl ected on in relation to the fi ve propositions.

Introducing: 
three 
experiments

          (11.1)

Experiment 1: 
the right fidelity   (11.2)

Experiment 2: eliciting 
product stories    (11.3)

Experiment 3: engaging 
projecta’s            (11.4)

Discussion

         (11.5)

Conclusions of
Part 4               (11.6)

 Figure 11.1 
An overview of chapter 11

 11.1 Introducing: three experiments
In the previous chapter fi ve generic propositions are put forward to enhance team 
cognition in the situation of distributed teams. As a designer I have a limited circle 
of infl uence, and also a specifi c role inside NPD teams. As such, I cannot develop 
experiments that are far beyond the expectations that are included in my role of designer. 
Th e experiments must be in line with the activities I (and other designers at Océ) 
conduct and also extend the insights of previous chapters. Th e briefest summary of the 
fi ndings of chapter 8 is that designers enhance the ongoing co-development of plausible 
representations of the ‘intended’ system that can be experienced by all, and that enables 
to rationalize what the NPD team is developing. Th us, the focus of the experiments is on 
representations of the ‘intended’ system. 



260

 11.1.1 Three series of experiments
The experiments better can be named a ‘series of experiments’. Although it was not my 
aim, each step resulted in additional insights, new questions and progressive experiments. 
It calls to mind a premise for doing inquiry in a pragmatist stance: “the attainment of 
settled beliefs is a progressive matter: there is no belief so settled as not to be exposed to 
further inquiry” (Dewey 1938: p.16). Hence any experiment resulted into progressive 
steps and what is described here is merely a slice of the activities. The cases described are 
purposefully chosen because they illustrate well what is learned.

Visualizations
It is undisputed at Océ that designers are skilled at making visualizations. So the first 
series of experiments concerns deploying visualizations inside distributed teams, for 
sensemaking and reflection-in-action processes. Note that visualizations have been 
discussed before (see chapter 8.3.1). However, those were artifacts of the activities of 
designing. There was no intent to span boundaries, or to moderate team cognitive 
processes. Thus, in those chapters no reflections are made on what differentiates a ‘good’ 
representation from a ‘poor’ one for enhancing team cognition. It is merely discussed 
that the artifacts of designers often provide the means to envision the ‘intended’ 
system to others. However, what representations have this quality, and why? And what 
representations fulfill the aims of sensemaking processes, and what the reflection-in-action 
processes? The experiment documented here concerns visualizations that are geared to 
moderate sensemaking and/or reflection-in-action processes.

Product stories
In Appx. 1 the findings are discussed of a series of interviews with stakeholders. The 
contribution of designers to the ‘product story’ stood out and serves for the second series 
of experiments. Although a ‘product story’ is typical jargon inside Océ, it is not defined 
inside Océ. A product story is related to the eventual product, and provides answers to 
questions as: what is the product about; what is unique about it; for whom is it meant; 
what can he do with it; and so on. 

A product story frames the NPD project from the client and user perspective. It 
explores both who the client and the user are and what is expected of the product. 
Thereby, details are irrelevant compared to the ‘big picture’. The meaning inside Océ 
varies somewhat in time: in the infancy of an NPD project it concerns the aims that the 
team articulates of the NPD project. In later stages of the NPD project it refers to the 
commercial propositions on the base of a (nearly) developed product. 

Often eliciting the product story is a haphazard event inside the NPD teams of Océ: 
there exists no formal method, no standardized format and no defined stage to deliver 
it. It is incited because ambiguity is felt and progress is stalled. It is a characteristic 
sensemaking process, as it concerns articulating, sharing, combining and synthesizing 
existing knowledge that is dispersed across R&D, marketing and other departments. 
NPD teams need agreement on what matters and above all why it matters. The ‘product 
story’ concerns interpretation and explains why specific choices have been made. 

A product story is defined here as a coherent and plausible narrative explaining what the 
product will be, as part of the ‘intended’ system. It rationalizes what the NPD team is 
doing, and guides subsequent activities.
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Projecta’s
The third series of experiments concerns representations geared to show what a new NPD 
project might be. For any NPD project, somewhere in time a project name is invented, 
requirements are written down, and resources assigned. The process before an NPD 
project commences is a sensemaking process. It is ‘felt’ that a possible new product might 
contribute to the success of an organization. The perceived possibilities of technology and 
the perceived market opportunities are combined, assessed, synthesized into a unified 
whole that makes sense. At Océ several methods exist that enable to instigate a new NPD 
project, such as technology road-mapping. 

However, for distributed teams - above all inter-organizational teams- this sensemaking 
process is more complex. Several organizations need to co-develop an NPD project definition 
that both provides sufficient business perspective and ascertains who-does-what. Problem is: 
distributed teams lack a shared history and a common vocabulary - if they even have a similar 
first language. For example, a term as ‘Direct Press’ has much meaning inside the context 
of Océ, however is entirely meaningless outside of it. Language is a poor means to discuss 
innovative technology. Consequently, if two or more organizations consider starting a co-
development project, they need to ‘see and experience’ what might be possible if their efforts 
are combined. Vivid representations are required, in a language understood by all. 

Buijs (2008, 2012) theorized on the base of concept cars in the automotive industry that 
so-called projecta’s might contribute considerably for inter-organizational collaborations. 
Projecta’s are ideal, imaginary projects for organizations: “a concrete, tangible 
demonstration and exploration of new design hypotheses, which are unconventional, 
fresh, powerful, pushing boundaries forward, and breaking with traditions” (ibid. 2012). 
Buijs framed projecta’s in a strong stance, serving to reframe organizations: radical, 
polarizing and challenging. Projecta’s need to be tangible 1:1 representations that can be 
experienced. The ideas not necessarily need to result into concrete products, but if they do 
it requires years of development. 

However, in the case of distributed teams at Océ projecta’s seems to be a powerful 
means for inciting new NPD projects. Note that the notion ‘projecta’ is not used at Océ. 
For distributed teams the focus is on starting an NPD project, rather than on thought 
provoking ideas. Therefore I define it in a somewhat milder stance:

Projecta’s are concrete, tangible and plausible representations that explore what a new 
NPD project might be. It is in a form that can be experienced by all involved, and 
enables to rationalize what the project is about. 

 11.1.2 A personal stance on doing experiments
The series of experiments are conducted in-the-wild, and concerns issues where stakes are 
high, time is scarce and ambiguity prevails. I carved out situations that are of particular 
interest for this inquiry, and preeminently concern reflections on activities when I was 
capable to put to practice some of the insights derived on team cognition. For the 
experiments I had an agenda that was beyond merely the aims of this inquiry: I wanted 
to capitalize the findings on team cognition in order to let other aims succeed, such as the 
development of a sustainable toner bottle or warranting the continuity of a large NPD 
project. I was engaged to the topics at hand, compared to the ORE case. Nevertheless, 
I captured data on the go, and adopted four ‘golden rules’ to ensure that it would be 
possible to reflect on the experiments later on: 
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•	 The activities described are not personal activities inside distributed teams: all 
experiments are team efforts including more designers and other team members inside 
Océ.

•	 All experiments are reflected on with other team members. Documenting and 
reporting the experiments are done collaboratively, resulting in (among others) 
published and accorded internal reports. Nevertheless, embedding the results in the 
framework for team cognition is a personal endeavor.

•	 Data capturing and analysis is separated. Reflections are done after an experiment is 
conducted. 

•	 The experiments were conducted more than one year ago and involve products now 
in production. This allows for reflecting on the outcomes of the experiments, rather 
than on the experiments themselves. An experiment is successful only if it enhances 
team cognition: observable alignment and coordination that manifests in the eventual 
product (chapter 3.2.3). 

Each of the experiments roughly follows the same pattern. As it is unknown what 
constitutes a ‘good’ visualization, product story or project, first it has to be established 
what success factors for these representations are. If that is understood sufficiently, it is 
possible to do interventions in the context of distributed teams. 

Note that parts of the experiments commenced even before the analysis of the 
observations was finalized (chapter 6 up to 8). This may seem odd, however an inquiry 
concerns a logical order rather than a temporal order: “the pattern of inquiry Dewey 
describes is a schematic model; most actual inquiries consist of patterns with less than 
discrete phases, and with an order that moves forward and back between definitions and 
hypotheses” (Hildebrand 2008: p.57). 

 11.2 Experiment 1: the right fidelity 
Visualizations are a powerful means to represent the ‘intended’ system and the question 
is what visual serves this goal best, above all for distributed teams. The aim of this series 
of experiments is to understand visualization, one of the main tools of the Océ Design 
department, and to intentionally use it inside distributed teams. 

 11.2.1 Describing the experiment
For this experiment, the first step concerns an exploration in Océ Design on visualization 
as a means for achieving departmental goals and/or project goals. The second step 
concerns applying the insights into the NPD practice at Océ, and specifically 
in distributed teams. The teams were both intra-organizational teams and inter-
organizational teams, co-developing a product or a module. 

The exploration on visualization aimed to understand what success factors constitute 
‘good’ visualizations. In the period of June - September 2009, seven designers reflected 
on the contribution of visualizations for the Océ organization, by means of a range of 
workshops. The method deployed was a ‘designerly’ sensemaking process: all gathered 
examples of visuals that they (individually) considered ‘successful’ or a ‘failure’. What was 
considered a visual was left open and interpreted rather broadly by involved designers, 
including movies, animations, models and ‘demonstrators’. The contributions were 
put together, mapped, assessed, and in time integrated into a whole. The findings were 
compared with a review of available literature (Purcell & Gero 1998; v.d. Lugt 2000, 
2005; Roam 2008). 
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Four types of visualizations are discerned and will be discussed shortly hereafter. Th e most 
important insight that arose was that the required type of visualization is dependent on 
the situational context. Whereas in one situation a seductive render is required, in another 
situation the same render is counterproductive. In time the insights on visualizations 
prompted a rather diff erent usage of visuals in NPD teams. Above all, the lessons learned 
proved to be valuable for constructing product stories and developing projecta’s (see 
chapter 11.3 and 11.4 later on).

 11.2.2 Findings: the four types of visualizations
An important fi nding is that what type of visualization will be most eff ective, depends on 
the situational context. Th e types of visualizations that are inferred can conveniently be 
mapped onto a 2 x 2 matrix, see Figure 11.2. It has two axes, and the vertical axis refers to 
either team sensemaking or team refl ection-in-action processes.
Th e horizontal axis makes the distinction between visuals that represent the ‘as-is’ system 
or the ‘intended’ system. Th e four cells of the matrix will be discussed below.
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A visual dialogue
providing 
rich and varied cues

A visual dialogue
showing 
‘unfinished’ possibilities

A visual argument
convincingly and swiftly
showing a frame

A visual argument
persuasively and carefully
showing a frame

Figure 11.2
A matrix depicting the distinctive types of visualizations developed by designers that serve sensemaking and/or 
refl ection-in-action processes in NPD teams. Sensemaking is about dialogue, whereas refl ection-in-action the 
visualizations are proposing a distinctive frame, an argument. Th e columns depict visuals referring to the ‘as-is’ 
system and the ‘intended’ system. An explanation is provided in the text. Th e learning from the experiments 
with visualizations are included in this matrix. 

Sensemaking is about reconstructing what is known among team members. Hence, visuals 
should enhance and invoke a dialogue among team members, as they should feel free 
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to articulate and discuss what they know and what they see and experience. Visuals for 
sensemaking should enhance discussion: a visual dialogue. 

Refl ection-in-action is about developing strong guiding frames that provide a means 
to align and coordinate activities across team members and sub-teams and thus need to 
be compelling in order that team members commit themselves. Commitment concerns 
that someone chooses to participate, and perform visible and irreversible actions (Salancik 
1977, ct. in Weick 2001: pp.6-8). Th us refl ection-in-action requires visualization that 
aptly can be named visual arguments. 

Visualizations to make sense of the ‘as-is’ system 
Th e top left cell of the matrix concerns visualizations that enable to make sense of the 
‘as-is’ system. What is found is that these visualizations should stay as close as possible to 
the concrete and tangible world, providing ample, rich and varied cues. Any cue may be 
meaningful, providing explanations for problems observed. Consequently, for the ‘as-is’ 
system often photos and screenshots of all-including CAD models seem to serve best. Th e 
visualizations should capture observations without a frame - as far as is possible. In Figure 
11.3 below a presentation is shown of a range of customer visits, for which a method 
was deployed resembling context mapping (Sleeswijk-Visser et al. 2005; Sleeswijk-Visser 
2009). It shows that many means are deployed to show what is seen, including videos. 
Any abstraction is at unease with the aim of sensemaking.
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Figure 11.3
A typical sensemaking process facilitated by employees of Océ Design. It shows the fi nal results of a range of 
workshops that made sense of the extensive data gathering of client feedback. It includes photos and maps of 
the specifi c client environments; workfl ow diagrams; descriptions of the culture; snappy quotes of interviews; 
personal observations and so on. Also videos are shown of the specifi c client, showing them at work with the 
product. All these means are rich and provide many cues to enable team members to make sense.

Visualizations to make sense of the ‘intended’ system 
Th e top right cell of the matrix concerns visualizations that serve to make sense of the 
‘intended’ system. Th ese visualizations are abstractions, since they concern a non-existent 
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product. Hence, inevitably details are lost in the abstraction. The strategy deployed to 
incite and enhance dialogue varies, and I experimented with showing multiple variants, 
or deploying sketchy and simplistic visuals, even somewhat ‘un-aesthetical’. Figure 11.4 
provides an example. It shows a hand drawn sketch that was used to have discussions with 
team members.  The sketch communicates clearly that something is unfinished, requiring 
others to resort to imagination as well, which facilitates a dialogue. The discussions were 
a sensemaking process par excellence: the team members needed to sort out what the 
product story was of a range of innovations together. Knowledge was extremely dispersed 
among team members and needed to be recombined, assessed and synthesized into a 
plausible and coherent whole. 

 

Figure 11.4
On the left the hand drawn sketches (digitally enhanced) that I used to co-develop with a team the ‘story’ 
of EnergyLogic, an innovation that intelligently balances available energy and productivity. On the right a 
commercial animation that resulted from the sensemaking process. The visualizations enabled the dialogue 
among members of the NPD team. 

Visualizations to develop guiding frames for ‘as-is’ system 
The bottom left cell of the matrix depicts visualizations for reflection-in-action processes 
for the ‘as-is’ system. These visualizations are geared for convincing others to adopt a 
proposed frame for the situation at hand, for example why something does not work 
properly. A topic is deliberately framed by means of the visualization. Note that for photos 
‘framing’ can be considered quite literally! The frames encourage specific interpretations 
and discourage others: a visual argument. The frames need to guide subsequent activities, 
but defy closure: pinpoint what ‘exactly’ needs to be done. Visualizations should depict 
the essence of a frame and leave open all other issues. Anything suffices that adequately 
explains the topic at hand and is swift, ranging from a photo showing a malfunctioning 
part (see Figure 11.5) up to a simple sketch. 

 

Figure 11.5 
A typical visualization to show a problem in the ‘as-is’ system: a photo of a prototype and someone showing a 
problem with a part. 
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Visualizations to develop guiding frames for ‘intended’ system 
The bottom right cell of the matrix depicts visualizations that put forward frames for the 
‘intended’ system, for example for other team members, sub-teams and stakeholders. 
These visualizations need to be compelling: selling an idea that not yet exists. In order 
to be compelling, these visualizations are clarifying; elegant; coherent; aesthetical; 
challenging. In short: seductive, if not persuasive. All means are employed to ensure 
that others are convinced something is a good idea. It is not about explaining a topic, 
it is about ensuring a topic is framed in a particular and preferred way. In Figure 11.6 
an example is shown, that strongly encourages one interpretation only. The continuity 
of these NPD projects was at stake. The framing in the visual is to consider a system 
of products rather than individual products; and hence to discuss the continuity of the 
system rather than of the individual products. It shows a range of product with the same 
controller and a common user interface. The products are positioned in such a way that 
the message ‘one interface’ is underscored. 

 
Figure 11.6
A visual argument concerning the ‘intended’ system.  It may seem a nice photograph of three products, however 
two of the products did not exist yet and the third one is adapted somewhat to underscore the topic of the 
visual: one interface, one controller.

 11.2.3 Other findings
Another important finding concerns the fidelity of a visual. Fidelity concerns the chosen 
depiction of reality, including the number of details shown; whether something is 
‘sketchy’ or photo realistic; and so on. A wide range of means exist to visualize ideas and 
problems, including graphs; sketches; renders; movies; animations; and even tangible 
models and dynamical demonstrators of a user interface. Each of these visualizations is 
a representation, however each with a specific fidelity. A movie of someone interacting 
with an object gets close to experiencing the object itself. An iconic sketch of the object 
abstracts the object to the core essence.

The right fidelity
At Océ Design an awareness emerged that ‘perfectionism’ is sometimes counterproductive 
for the aims of the visualization. The attitude to show only aesthetical pleasing 
visualizations or depicting finalized designs is often at odds with the situational context. 
This finding reconsiders what visuals are appropriate for specific situations: what the ‘right 
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fidelity’ of visualizations is. The right fidelity concerns a suitable and appropriate sense 
of reality in relation to the goal of the visualization, the persons involved and the team 
cognitive process, as discussed below.

The fidelity of visualization constitutes team sensemaking. For example, a movie of 
a user interacting with a product serves well to make sense as the movie invites team 
members to share their thoughts. An range of crude sketches showing scenarios enables 
others to imagine possibilities and share their thoughts. I learned the hard way that slick 
photorealistic renders seem to result into unwanted discussions on the ‘styling’ aspects, 
rather than the topic at hand! Similarly, for discussions on the main product architecture, 
crude wooden boxes serve better than realistic looking models. I name these models 
‘soapboxes’ that have a ‘sketchy’ feel and incite multi-disciplinary dialogue.
The fidelity of visualizations also constitutes reflection-in-action. Visualizations for this 
process highlight benefits and reduce the attention to critical topics or unnecessary details 
that may incite unwanted discussions. Often the visualizations are made with much care 
and requiring much time and efforts. I experimented with photorealistic renders, movies, 
animations, and even fake advertisements for not yet existing products. For convincing 
stakeholders or co-development partners to invest into a new project, persuasive visuals 
that show a coherent and convincing proposal are required, in order that others commit. 
Note that the right fidelity has nothing to do with the phase an NPD project is in. 
Although in its infancy hardly anything is known of an NPD project, sometimes realistic 
and compelling renders are urgently needed. Consider the often impressive models of 
concepts cars (projecta’s). Likewise, sometimes when NPD projects are nearly finalized, 
still hand drawn sketches serve well the aims of the visualization, rather than showing the 
actual state of affairs. At least: if a dialogue among team members is desired.

Visualizing as team sensemaking 
An important finding is that visuals are not as much the result of a sensemaking process, 
rather the process of visualizing is the process of sensemaking itself. For team sensemaking 
preliminary visuals, sketches and models incite dialogue and discussions, assessing and 
combining what is known collectively. The visuals constitute the ongoing dialogue, and 
are not merely a result of it. They are the boundary objects that team members can point 
to, share, reject, discuss about and so on. The process of visualizing facilitates sensemaking 
processes: without the ‘in between’ visuals the process is handicapped badly - if possible at 
all. For teams visualizing is intrinsically linked to the process of sensemaking itself. 

Also, the eventual ‘final’ visualization is not made once the team made sense of a 
situation: the development of the image effectively ends the sensemaking process itself. 
Once the visuals are ‘final’ also the team cognitive processes end. In a way they are ‘dead’ 
artifacts as they lost their purpose for the involved team members. Still, the visuals have 
a distinctive aim: these enable to discuss findings with stakeholders outside teams, other 
organizations or other sub-teams. 

In discussions on sensemaking, often words as ‘seeing’ and ‘images’ are used. However, 
thereby ‘seeing’ is deployed metaphorically (Weick 1995, 2001, 2005). Interestingly, for 
NPD teams ‘seeing’ can be taken literally: without appropriate representations teams 
cannot put together and combine what they know collectively. How can we know what 
we think, until we see what we create (chapter 7.2.2)? An example is provided in Figure 
11.4 before: the sensemaking process of explaining several technological innovations was 
entirely mediated by means of visuals. 
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I observed that for sensemaking processes in distributed teams, the boundaries are seldom 
crossed between these sub-teams. Contrary to co-located teams, the involved team 
members seldom meet face-to-face, and/or gather around a prototype. Meeting face to 
face is difficult or even impossible, and also objects that can be discussed often are located 
at one site only.  Visuals become important in those situations, as it is the only means that 
enables to make sense of a ambiguous situation. One sub-team attempts to make sense 
of a situation, even though they lack sufficient knowledge, and propose a well articulated 
proposal for the other sub-team (-s). Visualizations are often developed and serve as a 
starting point for discussions across teams. The other sub-team can respond to the visuals, 
often by making other and/or additional visuals.

‘Talking visuals’
However, not only for sensemaking visuals are important. For distributed teams, language 
and text are a problem in general: distributed NPD teams need to talk through ‘visuals’, 
or to ‘speak visually’. Words do not serve to explain something well and visuals enable to 
point at things, highlight aspects or even to discuss a prototype by sending photos back 
and forth. Generic and multi-interpretable words cannot explain a problem well nor 
provide sufficient context. Visuals provide much more context for others to learn about 
interrelations between their activities and those of others, compared to telling what needs 
to be done. Visuals mitigate language problems considerably and are a powerful means to 
establish a joint practice for distributed teams. 

Compared to co-located team the sub-team in distributed NPD projects have to 
visualize much more, and with other aims. Consequently, in the context of Océ the 
recent developments suggest that to ‘talk visuals’ is gaining importance, which requires 
visualization skills. At Océ designers are often asked to help to visualize things, beyond 
the ‘normal’ tasks of the designers. However, developing visuals is a time consuming task. 
In co-located teams the team members swiftly discuss ideas or problems with others, or 
look at a prototype together. For distributed teams even small issues are prepared well by 
means of high quality visualizations, sometimes needlessly.

First, team members across sites have hardly objects they can point to together, or 
can see what the other is referring to. Just consider a review: if team members meet face 
to face they can hold the parts, or point to something: there is interaction. If the team is 
distributed, the parts need to be documented by means of photos or CAD screenshots, 
and include arrows to point at things. Interaction is severely hampered, see Figure 11.7. 
Video conferences or ICT tools are helpful, but can never truly replace gathering around 
(tangible) objects. 

Second, trust issues proliferate: even though for example a small sketch would suffice, 
I observed that sub-teams ‘professionalize’ this little sketch into a CAD model, or a 
photorealistic render. This does not improve the information provided. It takes confidence 
and mutual trust in each other’s skills to send ‘simplistic’ sketches back and forth to settle 
quickly on a problem or solution at hand.
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Figure 11.7
Comparing two reviews. On the left a picture out of an extensive presentation that was send across to review 
few parts in a distributed team. Preparing the review and discussing feedback by sending back-and-forth 
these kind of presentations requires days. On the right an interacting, co-located team gathered around CAD, 
reviewing a large unit in two hours cross disciplinary. 

 11.3 Experiment 2: eliciting product stories
Th e second series of experiments concern product stories: coherent and plausible 
narratives explaining what the product will be. Two cases are presented below when a 
product story was elicited. Th e fi rst concerned a team of marketing and R&D located 
in the Netherlands: the aim was to prepare marketing materials and sales training. It 
provided a perfect environment to understand the factors that enhance eliciting a product 
story. For refl ections on the process, several team members were interviewed. Th e second 
case concerns an inter-organizational collaboration. Stakes were high as the continuity of a 
large NPD projects was endangered. 

Case 1: putting applications up front
At the end of 2008, I was asked to help marketing and R&D in developing a product 
story for a product that was near release: the Océ VP4000. I arranged together with 
another designer a range of workshops geared for dialogue and synthesis of the product 
story. Th e workshops had the aim to develop a promising product story. 

Th e workshop included a mix of team members from R&D and from marketing/
strategic planning. Th e series of workshops was a sensemaking process to assess and share 
what all involved knew, and synthesize a story. R&D knew ‘what the product can deliver’, 
and marketing ‘why does that matter for a client’. Th e workshops included interactions 
with tangible prototypes and role playing, for which team members were asked to ‘see’ the 
product through the eyes of specifi c client groups or users. A feature is only benefi cial in 
relation to what a client will do with the product: an application. If specifi c features stand 
out compared to competitors, and are benefi cial for an application, they are building 
blocks for a product story.

Th ese workshops helped overcome some assumptions of those involved: what was 
considered ‘unimportant’, turned out to be a key benefi t. What was assumed to be 
breakthrough technology turned out to be a ‘gimmick’. For example the team discovered 
that one seemingly small requirement proved to be pivotal for a large group of potential 
clients. It was one item amidst an overabundance of requirements that needed to be 
supported. Putting applications up front sparked much enthusiasm in the team. However, 
some stakeholders were less enthusiastic, because it did not provide the one-liner they 
hoped for. Th e outcome of the workshops lacked a compelling, urgent and brief ‘wrap up’. 
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Case 2: visualizing a story
Just before starting customer trials of a large NPD project, Canon acquired Océ (2010). 
As a result, an important partner withdrew from the co-development, effectively crippling 
the NPD project. A product story needed to be developed that served one goal only: 
explain Canon convincingly why the NPD project should continue. Stakes were high as 
without commitment the (large) NPD project would end: trashing a huge investment. 
Time was limited to three weeks, and all possible means were made available. Together 
with a marketer, several R&D team members and a communication expert, a product 
story was developed. 
Based on the aforementioned insights on visualizations and product stories, the process 
was divided into two steps:
•	 A few workshops were conducted to make sense of the man benefits of the product at 

hand. It resulted into a captivating small story. 
•	 Much time was spent on developing means to show the product story in a compelling 

way. Due to language problems, visual means were considered pivotal, and included 
movies, animations and compelling imagery (see Figure 11.8). 

The triadic relation between the developers, the marketers and communication experts 
proved to be fruitful. Communication experts ensured that in the workshop a concise and 
compelling wrap up of the product story emerged: precisely what was missing in the first 
case. The negotiations were successful, and the product is launched in September 2011 
(Océ VarioPrint DP line) as the first co-developed product with Canon.

1 2

3 4
 

Figure 11.8
Four examples of the product story developed to ensure the continuation of a large and nearly finalized NPD 
project. (1)A screen shot is shown of a small movies to show the actual status of the prototypes, what it can do 
and how to interact with it. (2) Animations to explain technological innovations. (3) A quick product design, 
deliberately to show how the product as a result of the collaboration might look like. (4) A visual to show 
specific benefits persuasively. Icons were designed in relation to technology, to replace text in presentations.
 



271

 11.3.1 Findings 
Eliciting a product story is framing the NPD project outside-in: it sparks discussions 
on the technology in terms of what it delivers for a client: what is relevant, what can he 
do with it and why. Thereby both the assumptions on who is the client are articulated 
and why he might be interested in such a product. The outside-in framing showed to be 
valuable to span the boundary between marketing and R&D. For example, discussing 
abstract requirements and specifications hardly provides cues as to what is relevant and 
what is not. These requirements and specifications need to be framed, i.e., how the list 
should be interpreted. A product story provides such a frame. The process of eliciting 
the product story enables a constructive dialogue about prioritizing items and making a 
coherent whole. Requirements explain ‘what’, and product stories explain ‘why’. Below 
several reflections are provided.

Sensemaking and reflection-in-action 
In the process of constructing a story, team members converge to labels, maps and visuals 
that have meaning to them. One pitfall is that team members believe the results of their 
sensemaking process are self evident. They are unaware that their vocabulary has limited 
meaning to others (for a similar observation: see Stompff 2008: p.45). Involved team 
members come to an ‘understanding’, encapsulated in specific words, visuals and objects. 
It ends a sensemaking process. 

Yet, once a coherent and plausible product story has emerged among team members, 
the process has not ended. The product story that results from a sensemaking process 
is poorly understood by others, if no additional measures are taken. The team needs 
to develop means that convey the meaning well to others. The product story must be 
compelling and persuasive on its own. Clarifying what the NPD team has been doing, so 
that others commit to this story, and providing guidance for subsequent activities. Hence, 
somewhere inside a process of constructing a product story, the focus shifts from ‘what 
is the story’ to ‘how to tell the story’. It requires two steps: making sense of the story and 
developing the means to communicate it; a reflection-in-action process.

The means are the product story
For a product story all available means can be deployed, and have specific benefits and 
limitations. The means and the product story are not separate entities, whereby the means 
represents the product story. For product stories the expressive form and the conveyed 
meaning mutually constitute each other. A product story serves as the go-between with 
the team that developed the product story and others, (e.g., other sub-teams). It expresses 
a brief and compelling narrative; it charges it emotionally, and persuasively. In short: the 
means deployed to communicate the story is the product story.

Consequently, the team needs to be sensitive as to how the product story is expressed: 
e.g., by means of a charming short story, an intriguing animation, a ‘one picture says 
it all’ visualization, or a compelling presentation. For example, an animated movie of 
thirty seconds can be captivating, explaining what a product might be and why that is of 
importance. However, for explaining a business case an animated movie is a poor means. 
It echoes the right fidelity for visualizations: dependent on the context there exists a ‘right 
means’ to convey the product story.

The finding puts the focus on matters as aesthetics, wholeness, elegance and clarity. A 
product story has to be plausible and coherent, rather than accurate and detailed. It has to 
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unify topics, rather than listing them. It needs ambition, rather than factual information. 
It has to be engaging in order that others commit themselves, rather than delegating tasks. 

Jointly constructed and punctuated 
For eliciting a product story several specialisms need to collaborate:
•	 Those who develop (-ed) a product know what its possibilities are and why, i.e., R&D.
•	 Those researched the markets and clients know what it is needed and why, i.e., 

marketing.
•	 Those who know how a message can be conveyed and why, i.e., communication. 

A product story cannot be constructed solely by R&D, marketing or communication: 
all have knowledge the other is unaware of, yet is required for a ‘product story’. Only if 
the practices are combined an engaging product story can be jointly constructed that 
ensuring that others commit themselves. The product story sits amidst the three practices. 
The eventual result becomes part of the joint practice, providing an anchor to align and 
coordinate subsequent activities of themselves and others. 

Eliciting the product story is an effort to punctuate the ongoing and dynamic 
construction of the ‘intended’ system into a form that is compelling. Arguably this can be 
done at any moment in time, although at Océ some ‘natural’ moments can be observed, 
coinciding with important milestones. Some interviewees reflected that eliciting a product 
story should be formalized at specific moments in the NPD planning. 

 11.4 Experiment 3: engaging projecta’s 
Projecta’s are defined as concrete, tangible and plausible representations that explore 
what a new NPD project might result into. It is in a form that can be experienced by 
all involved, which enables to rationalize what the project is about. It is unknown what 
constitutes a compelling projecta; what form enables to build bridges; or what are key 
success factors? Below three cases are described on developing projecta’s and reflected 
upon. The experiments are all conducted in the Océ organization. However it included 
parts of the organization that seldom interact with R&D, such as logistics, and are 
spatially and culturally separated. In short: an intra-organizational distributed ‘team’. 

 11.4.1 Three cases
The described cases all concern packaging, such as toner bottles, boxes for paper, or for 
distributing spare parts. Packaging is chosen for three reasons:
•	 Packaging is within the possibilities of designers to instigate new NPD projects. 
•	 It is a topic that shapes the user experience and therefore has the attention of Océ 

Design. 
•	 As Océ is in a b-to-b market, packaging is a topic that receives scant attention outside 

Océ Design. For consumer products, packaging is an important means to market a 
product. For Océ, packaging is preeminently about distribution and protection of the 
contents. Consequently, for most NPD projects ‘any packaging will do’. 

Thus, any proposal for changes in packaging requires that others commit, in order to 
have to resources to develop it into a product. The three cases described are proposals to 
innovate. 
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Case 1: myth busting: the development of a ‘green’ toner bottle
Developing a toner system impacts many departments and sectors of the organization, 
and includes topics as business models, logistics, usability, and environmental impact. 
In 2007 a small R&D team (including myself ) started to develop a toner bottle for the 
VarioPrint DP line. Nobody asked for a new toner system. Yet, when visiting a toner 
production plant, the team observed something that made us reframe entirely. Toner 
bottles are only filled half, because toner has an odd property: if it is shaken it easily can 
take twice its volume and then resemble a fluid. Only in this fluid-like state, a toner bottle 
can be fileld and emptied. For filling and emptying toner bottles, the bottles need to be 
much larger than for distributing it. What was surprising was that even directly after 
filling, the bottles are nearly half empty. Shipping half-filled toner bottles across the globe 
suddenly seemed a senseless thing to do. Note that millions of bottles a year are produced, 
stored, filled, distributed, emptied and disposed. 

In the weeks that followed the R&D team made sense of the problem at hand by 
framing on the toner distribution system rather than the toner bottle. We invented the 
‘air ratio’: the volume required for one kg toner. The air ratio has a nearly linear impact 
on cost price (materials, logistics), and on its ecological footprint. However, apart from 
some optimizing, none of my more radical ideas to drastically reduce the air ratio were 
taken seriously. The developers deploy ‘golden rules’ that stifled innovation. An external 
engineering consultancy was involved to co-develop some new ideas. They made a 
tangible prototype of an idea to pulsate the toner out of the bottle. The prototype was a 
genuine myth buster: it opposed all ‘golden rules’ and a low air ratio proved well possible. 
Also the usability was enhanced considerably, as operators no longer need to shake bottles, 
and could make no errors.

It was a projecta that paved the way for progressive development of a ‘green’ toner 
bottle, including related ideas to reduce its ecological footprint. The first prototypes 
unfortunately showed many problems, and it was decided to implement the pulsation and 
the smaller bottle only (Figure 11.9). 
 

Figure 11.9
The new toner system as implemented in the Océ 
VarioPrint DP line. The toner bottle is pulsated, 
in order to empty it. It is foolproof, reduces toner 
dust, costs less, and also reduces considerably the 
environmental impact, as much less packaging is 
required (see text). 
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Case 2: the ‘eco’ bottle
The development of the toner bottle continued in another NPD project. Among others, 
cradle-to-cradle principles were adopted; hence it was nicknamed the ‘eco bottle’. 
However, despite several attempts to finalize development and start production, again 
and again it was stalled. Sometimes for technical deficiencies (not passing a drop test); 
sometimes because timing was poor (too late); and sometimes because the impact was 
considered too large (for production). 

Although opinions differ on the reasons why it is hard to get the ‘eco bottle’ into 
production, all involved agreed that naming the innovative system an ‘eco bottle’ 
probably didn’t help. Several drivers underlie the adaptations, including a considerable 
cost reduction, enhancing ease-of-use, and ensuring the correct toner is always deployed, 
reducing maintenance costs. And even though sustainability is an important value, 
naming it a ‘eco’ made it seem less urgent for stakeholders. A more neutral name, such as 
‘toner bottle 2012’, likely would have resulted that less explanations were needed to get 
the NPD project started.

Case 3: a new house style for all packaging
Océ has 1000’s of items that are sold and distributed. For each item, a package design is 
developed. Hence a excess of styles exists, some of them decades old. Also the provided 
information on it is often not meeting requirements for clients, logistics, customs 
and so on. Also, it was never designed with sustainability in mind, yet how and when 
information is applied to an item has considerable impact on the ecological footprint. 

A new house style was developed as a projecta, together with master students and later 
a design consultancy. It had several advantages, as reducing the logistical burden; ‘cross-
selling’ (adding information of other products) and reducing the ecological footprint. For 
some examples, see Figure 11.10. Despite the numerous advantages, we could not turn 
it into a supported project to have it implemented on all products of Océ. Instead, the 
new style served for all new packaging designs. I consider this a failed projecta, because 
the benefits could only be harvested if (nearly) all packaging would change. Now merely 
another style is added. 

 
Figure 11.10
A design vision developed by Océ Design, to change the style of packaging. On the left a ‘commercial’ 
packaging for paper; on the right a packaging for technical modules for distribution. 

 11.4.2 Findings
In short, projecta’s can be described as the persuasive representations of pre-project 
activities, depicting the outcome of a possible NPD project. It can be argued that it 
is merely another naming for the fuzzy front end that seems to defy traditional NPD 
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processes (Khurana & Rosenthal 1997; Koen et al. 2001). However, naming it ‘projecta’s’ 
shifts the focus from the process of developing a compelling idea, to the outcome: a 
compelling story that integrates technology, markets and users. 

A projecta as a multi-disciplinary pre-project 
Developing a projecta that is compelling is not merely an activity for designers. Ideas 
that are developed strictly in Océ Design do not seem to serve well to incite new NPD 
projects. Arguably, because the aesthetically pleasing proposals quickly give rise to the 
suspicion that the focus is on ‘designerly’ aims, rather than on profitability, logistics or 
feasibility. Instead, projecta’s that are co-developed with other stakeholders seem to have 
a fair chance to succeed. It is the combination of expertise of several experts together that 
enables to built up a compelling projecta about what might be. Thereby often external 
expertise is required to overcome organizational myths and organizational structures that 
hinder innovation. 

The means to represent a projecta
A projecta is framed as a representation and what is learned that a range of means to 
represent the core essence is required to express it plausibly and convincingly in order 
that organizations commit themselves. To persuade, a projecta needs the combination 
of seductive visuals/mock ups of what might be; quantified ‘indicators’ that describe the 
business case; and also tangible demonstrators of technology. It needs to be underscored 
that tangible representations are of particular value for demonstrating technology: 
seeing is believing. The subsequent NPD project is a multi-disciplinary undertaking 
and the representations should echo that. For example, if a business case or technology 
demonstrator is missing, a projecta is severely handicapped. 

A bottom up approach: deference to expertise
The findings emphasize the self-organization of expertise among team members. The 
creation of projecta’s requires a bottom up approach and top management support. 
It starts with someone who senses a possibility and therefore needs to have sufficient 
knowledge of other practices to ‘see’ the possibilities and problems that are not ‘seen’ 
by anyone else before. Also it requires expertise to know who should be involved in 
the subsequent sensemaking processes. Only those who have the required expertise can 
judge a situation, self-organize a network and develop a compelling projecta; including a 
business case, technology and a design. 

Personal drive
Although developing well articulated projecta’s is an effort of a (small) team, it starts with 
an individual. Developing projecta’s requires deep intrinsic motivation: someone senses 
an opportunity, but nobody is waiting for it. These individuals need to pursue a fledgling 
idea on top of their daily activities and responsibilities. They have to convince others to 
participate, discuss available resources, and ensure it becomes a regular NPD project. Also, 
skepticism will prevail: an opportunity is sensed, but not yet expressed in such a way that 
others can grasp its value. It often starts because people are discontent with something, 
and feel it can be done better. It echoes the ‘holy discontent’ that people sometimes feel, 
that are the seeds for organizational change (van de Goor 2010: p.60). 
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The drawback of reducing ambiguity
A projecta is by no means a guarantee for successfully starting an NPD project. Making 
sense of ambiguous information and transforming it into a clarifying projecta also can 
have counterproductive results. The aim of the proposed NPD project is articulated 
clearly and also what it requires to get there. This articulation may imply some 
stakeholders lose interest.

 “Ambiguity allows people to maintain the perception that there is agreement, when 
in fact there is not. (..) As long as people are not pressed to articulate their individual 
understandings (..) there is consensus” (Weick 1995: p.119). 

Stated differently, in some cases it is the lack of an overly explicit projecta that an NPD 
project can start, because different expectations and meanings co-exist. A new toner system 
may for some have a sustainability focus, for others it is a cost reduction program. Naming 
it a ‘eco bottle’ reduces ambiguity and facilitates that involved team members know what 
matters and why. However, stakeholders interested in cost reduction lose interest, even 
though a cost reduction is still part of the program. Projecta’s need to have the ‘charm of 
the skeleton’: provide sufficient slack so that they are sufficiently multi-interpretable.

Projecta’s as compelling proposals for distributed teams
For inter-organizational teams, it can be argued that projecta’s will gain importance. 
At Océ, NPD projects were incited rather naturally. There was no need to give much 
attention to articulating what might be, i.e., a projecta. As a result of a shared culture 
and history, few things are required for team members to know how to ramp up 
activities (Stompff 2008). For distributed teams, and above all inter-organizational 
teams, a common vocabulary and a shared history are lacking. Consequently, things 
get complicated once a proposal no longer fits within the organization or within the 
organizational structure. The problems I encountered with the three packaging designs 
had nothing to do with technological challenges; rather the problems were caused by 
the historically instituted silos inside the organization. For proposing distributed NPD 
projects, projecta’s are an important means to let the different stakeholders commit 
themselves. Other organizations need to be explained and convinced why possibly a co-
development makes sense to them. Considering the several co-developments that Océ 
engaged in recently, expertise how to develop compelling projecta’s seems a necessity for 
modern NPD. 

 11.5 Discussion 
In the previous chapter, five propositions are postulated for enhancing team cognition 
in distributed teams. The findings of these three experiments in this chapter converge 
strongly. First the propositions will be discussed, followed by few important reflections 
and the conclusions of the last part of the inquiry. 

 11.5.1 Validating propositions
In table 11.1 the empirical findings are presented, structured according to the 
propositions. Below an explanation is provided.

P1: If a joint practice is constructed in a distributed team, then the alignment and 
coordination of activities is enhanced. 

In the experiments considerable evidence is found that team cognition is enhanced as a 
result of representations, such as visualizations, product stories and projecta’s. The process 
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of developing a clarifying visual, a compelling product story or a seductive projecta is the 
process of creating a joint practice. It aligns and coordinates activities of those involved, 
and the resulting representations provide solid ground for others to orient themselves 
onto. These means are even more important for distributed teams than for co-located 
teams, as language problems and lack of shared vocabulary require to ‘talk visuals’. In 
some situations team members of distinctive sub-teams only communicated by means of 
screenshots of CAD, photos and little movies. Designers are skilled in visualizations and 
hence are often involved. 

P2: If team members of sub-teams can interact with objects or representations of the ‘as-
is’ system, then the alignment and coordination of activities is enhanced. 

Product stories and projecta’s are both representations of the ‘intended’ system, so only the 
experiments with visuals provide evidence. For distributed teams, a serious problem is the 
lack of shared objects across sites. Consequently, team members need to share to others 
what they observe in an object, for example a prototype. It explains why so many photos 
and CAD screenshots are shared among sub-teams: it substitutes the objects and enables 
to point at things. 

P3: If representations of the ‘intended’ system are co-developed that are easily understood 
across distributed teams, then the alignment and coordination of activities is enhanced.

This proposition has contradictory evidence. On one hand, it is observed that 
representations of the ‘intended’ system in a visual language everybody understands 
strongly constitute team cognition. Product stories and projecta’s are representations of the 
‘intended’ system, and in order to express a product story or a projecta visual means are a 
necessity. How can we know what we intend, until we see what we (will) create? Designers 
have an important contribution in developing the representations of the ‘intended’ 
system. On the other hand, the proposition assumes that these representations are co-
developed across teams. That has not been observed. Rather one team does a compelling 
proposal that frames a specific topic, and other sub-teams commit to it; do few change 
proposals; or reject it. This hardly can be named ‘co-development’. 

P4: If surprises are encountered and ambiguity prevails in distributed teams, then teams 
need to resort to sensemaking processes.

This proposition has similar contradictory evidence. It is found that the process of team 
sensemaking in NPD teams is visualization. Words and text are impoverished means to 
discuss complex and ambiguous multi-disciplinary topics that raise doubt. Team members 
resort to sketches, maps, visuals. Only by means of these visuals an open dialogue is 
possible. However, sensemaking processes as described in chapter 7 and 8 have not 
been observed in distributed teams, such as face-to-face meetings in a workshop format, 
deploying all sorts of objects. Instead, sub-teams do proposals, often deploying persuasive 
means in order to convince other sub-teams. Considering the findings in co-located 
teams, it seems a contra-productive strategy as it disables open dialogue. The observations 
suggest that lack of trust is the driver.

P5: If distributed teams are in a reflection-in-action process, co-developing frames across 
sub-teams enhances subsequent alignment and coordination of activities.

In general, this proposition is supported by the experiments. Frames, developed to provide 
strong guidance to activities across sub-teams were omnipresent. Visuals, product stories 
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The right fidelity Product stories Projecta’s

The chosen depiction of rea-
lity of visualizations and/or 
other means

A plausible and compel-
ling representation of the 
‘intended’ system, deploying 
several means

A plausible and compelling 
representation to explore 
what a new NPD project 
might be

P1 If a joint practice is con-
structed in a distributed 
team, then the alignment 
and coordination of activi-
ties is enhanced

Strong evidence  Strong evidence  Some evidence

Talking ‘visuals’ strongly enhances 
team cognition: visuals pro-
vide rich context to interrelate 
activities

Creating a product story is jointly 
constructing a plausible ‘narra-
tive’, transforming knowledge

Contradictory results: expressing 
a projecta sometimes incites a 
project, but sometimes stakehol-
ders lose interest

The ‘right fidelity’ is situational: 
the means deployed strongly 
shape expectancies and cognitive 
processes

The process of creating a story is 
a punctuated effort to rationalize 
what a team is doing

Projecta’s need to be compelling 
and represented by a range of 
means

P2 If team members of sub 
teams can interact with 
representations of the ‘as-is’ 
system, then the alignment 
and coordination of activi-
ties is enhanced

Strong evidence  Not relevant Not relevant

Realistic images and movies are 
strong means for team cognition, 
somewhat replacing tangible 
objects

Product story = ‘intended’ system projecta  = ‘intended’ system

Seeing the ‘as-is’ system of collec-
tive efforts is highly valuable for 
team members in sub teams

P3 If representations of the 
‘intended’ system are co-
developed across distributed 
teams, then the alignment 
and coordination of activi-
ties is enhanced

Contradictory evidence  Strong evidence Strong evidence

Persuasive representations of 
‘intended’ system result into 
commitment, enhancing team 
cognition

Language is a problem: compel-
ling, ‘sticky’ narratives including 
visual means enhance team 
cognition

Compelling, plausible represen-
tations are required in order that 
stakeholders commit wholehear-
tedly

No co-development across teams 
observed, rather a compelling 
proposal is developed  within one 
sub team

Developing the means for the 
story is developing the story.

As many stakeholders and team 
members need to commit a com-
bination of means is a necessity

P4 If surprises are encountered 
and ambiguity prevails 
in distributed teams, then 
these teams need to resort to 
sensemaking processes

Contradictory evidence  Strong, contradictory evidence No support found

The process of sensemaking is vi-
sualization: co-developing visuals 
serve better than text

Creating a product story is largely 
a sensemaking process: develo-
ping a plausible representation

Developing projecta’s seem to be 
a endeavor of (few) individuals(-
s) and others need to commit

Hardly explicit sensemaking  
processes across teams observed, 
rather within one sub team.

Only intra-organizational 
sensemaking processes observed 
for product stories. Not inter-
organizational. 

Projecta’s are instigated by (few) 
individual (-s) and thus no distri-
buted sensemaking. 

P5 If distributed teams are in a 
reflection-in-action process, 
co-developing frames across 
sub teams enhances align-
ment and coordination of 
activities

Strong,  contradictory evidence  Strong evidence Strong, contradictory evidence

The process of reflection-in-action 
requires strong frames: compel-
ling visuals serve well

The process of reflection-in-
action requires strong frames: and 
compelling stories serve well to 
represent frames

A projecta is geared to convince 
others, and is a strong frame to 
incite a NPD project

No co-development, rather one 
team does proposals by means of 
compelling visuals

Strong, convincing and  seductive 
means are required to ensure that 
sub teams commit

No co-development, rather one 
team does proposals by means of 
compelling visuals

Table 11.1 Comparing the findings of the three experiments with the five propositions as put forward in 
chapter 10.
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and projecta’s are powerful means to establish such frames. For distributed teams is seems 
that sensemaking processes as described in previous chapters, are replaced by a mechanism 
of a sub-team doing proposals with a strong guiding frame. The frames are expressed by 
means of compelling representations, that are reflected on by other sub-teams.  However, 
‘co-developing’ frames is a somewhat strong vocabulary for what is observed, namely one 
team does persuasive proposals to others, who provide some feedback.  

11.5.2 Reflections
Although the context of Océ has many characteristics that shape the events as observed, 
some reflections are provided below, of which I believe they can be generalized. 

Expressing, rather than articulating
In the experiments, effectively three ‘tools’ are developed and experimented with, which 
enhance team cognition in distributed teams: ‘talking visuals’; eliciting ‘product stories’ 
and co -developing ‘projecta’s’. These tools have a common goal: it all concerns creating 
representations that can be observed and reflected on by all involved. They orbit around 
expressing the ‘intended’ system and have large overlaps. Visuals often provoke a story. An 
effective product story deploys many means including compelling visuals. And projecta’s 
quintessentially are pre-project product stories. The tools are about making sense of 
much and ambiguous information, and expressing it by means of all sorts of persuasive 
representations in order that others commit themselves. Consequently, visuals, product 
stories and projecta’s are not about detailed and accurate information. Rather it is an 
expression of an idea in a coherent, elegant, and plausible way: framing how to interpret a 
topic, rather than explaining the topic itself in depth. 

Developing a compelling product story or projecta includes two stages. It starts as a 
sensemaking process requiring many specialists. In time turns into a reflection-in-action 
process to develop expressive means to convince others. Note that hitherto I discussed 
‘articulating’ the ‘intended’ system. Articulation is clarifying things, making sharp 
distinctions. Expression is also clarifying, but also about conveying meaning, emotionally 
(Dewey 1934). For example: an explanation is articulating information and a poem is 
expressing it. Both convey a message, but the latter does so in a emphatic, dramatic and 
compelling way. Requirements can articulate the ‘intended’ system, but have no expressive 
power. 

The ‘intended’ system needs expressive means because team members need to commit 
themselves. Replacing articulating by ‘expressing’ is to amplify that the ‘intended’ system 
needs to be portrayed in ways that are compelling, elegant, clarifying, tempting. 
This is where designers enter the stage. The findings show that designers with their 
imagination and visualizations skills can support distributed teams considerably, by 
actively expressing the ‘intended’ system. In the next chapter, this will be discussed more 
in depth.

The need to ‘talk visuals’ for distributed teams
Visualization is important for NPD teams and even gains importance for distributed 
teams. It could be argued that this may come as no surprise as more communication 
is needed, and language problems are omnipresent due to differences in first languages 
and jargon. However, the findings show that visualization is not merely communicating 
ideas and problems. Rather it constitutes joint practice that enables sub-teams to 
coordinate and align activities - even beyond what the visuals are about. Visualizations 



280

replace somewhat tangible prototypes team members can gather around, mitigating the 
imposed burden of not seeing and experiencing what others are doing. Visualizations are 
also strong factors for engaging product stories and projecta’s, but not merely an end to 
capture a story. Rather developing the means constitute the product stories and projecta’s 
themselves. Visualizations are not the illustrations of an outcome of a process, visualizing 
is the process of making a story itself. Unfortunately ‘talking visual’ is time consuming. 

Balancing the right fidelity
In all experiments the importance of ‘the right fidelity’ surfaces: choosing a representation 
that is appropriate for the situational context. It was a finding that first emerged from 
the experiments with visualizations. Interestingly, also for product stories and projecta’s 
there is a  right fidelity for the means deployed to represent ideas. In this chapter many 
means and forms are discussed that that are experimented with, ranging from ‘back of 
the napkin sketches’ up to professional animations. There is no silver bullet: dependent 
on the context the ‘right fidelity’ needs to be established. Sometimes an appealing render 
is appropriate as people ‘fall in love’ with the proposal, whereas in other situations it 
effectively disables any dialogue that is sought for. Sometimes a little sketch suffices to 
align the activities of several sub-teams, and sometimes an almost professional movie is 
required to convince others that something needs to be done. The matrix as depicted in 
Figure 11.2 showed well that the situational context shapes what type of representations 
are required. The matrix provides an overview on the base of (1) the team cognitive 
process and (2) whether the representation concerns the ‘as-is’ system or the ‘intended’ 
system. It will be explained more in depth in chapter 12.4.

No sensemaking across sub-teams 
A surprising and contradictory finding is that I seldom observed sensemaking processes 
across distributed teams. As described (chapter 8), sensemaking is reconstructing the 
situation a team is in and every piece of information that might be important. Thus team 
members need to meet face-to-face and gather around objects that best represent the ‘as-is’ 
system. However, what is observed is something different: if surprises are encountered 
that cross the boundaries of sub-teams, sub-teams attempt to make sense of the situation 
within the sub-team and do compelling proposals to other sub-teams at other locations.

This distributed sensemaking arguably is not very effective: information is filtered, 
objects are not openly shared. What the team knows and creates cannot truly be 
‘seen’. Teams spend much time in interpreting information and preparing persuasive 
presentations back-and-forth, whereas an open, face-to-face dialogue might solve the 
issue swiftly. I also believe that as a result many possible innovations falter as a result 
of problematic sensemaking processes, impeding the innovation power of distributed 
teams. Note that surprises occur quite often in distributed teams, requiring sensemaking 
processes. The sensemaking process seems to have another character: sensemaking is done 
within sub-teams who share their proposals across sub-teams. This results in surprises in 
other sub-teams and so on. 

What causes this is unknown. It might be an issue of trust, i.e., sub-teams have a 
inclination to sort thing out ‘as professionals’. It might be caused as sub-teams are located 
far apart and speak different languages. Coming together and have an open conversation 
is practically not possible. It might be an issue of different cultural backgrounds, as some 
cultures are less open in acknowledging ‘something is wrong’. Regardless the issue, based 
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on the observations in co-located and distributed teams I conclude that sensemaking is 
seriously hampered in distributed teams.

 11.6 Conclusions of Part 4: distributed teams
This last part revolves around the third research question: What can designers contribute 
to team cognition in the situation of distributed teams, how and why? In this chapter 
it is shown that an awareness of what designers contribute to team cognition for co-
located teams can be extended to distributed teams. The capability of designers to 
express the ‘intended’ system in a language understood by all is important for teams to 
align and coordinate their activities. Three ‘tools’ are developed geared for developing 
representations of the ‘intended’ system, also for distributed teams: ‘talk visuals’, eliciting 
product stories and developing projecta’s. None of these tools can be done by designers on 
their own: they need others to co-develop the representations. 

Why these representations of the ‘intended’ system contribute to team cognition in 
distributed NPD teams is no different than for co-located teams. The representations 
constitute joint practice because they provide solid anchors pointing to the ‘intended’ 
system that can be observed by all involved. It enables other team members to interrelate 
their activities to those of others. And it provides a platform for bridging boundaries 
by showing what the consequences are of choices in the here-and-now for the eventual 
product. Just as for co-located teams, designers can mirror what distributed teams do.

Actually, the observations show that for distributed teams developing these 
representations are even more important than for co-located teams. Team members lack of 
a common language, a shared vocabulary, a shared working history and a common reality. 
These are the constituents of joint practice and consequently team members experience an 
enlarged indeterminacy. Representations that are vivid, comprehensive, compelling and 
elegant need to fill in the gap. Possibly the most important insight of this part is the need 
for distributed teams is to ‘talk visuals’.     

The experiments also show the limitations for what designers can contribute. In order to 
become a boundary spanning practice, designers need to gain legitimacy to participate 
with others and to negotiate on behalf of others. The complex situation of distributed 
teams, above all in the case of inter-organizational teams, sometimes put forward 
challenging conditions that disable to participate and/or negotiate. In those situations, the 
contribution of designers to team cognition will not surface.  
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Chapter Chapter 12:  The art of mirroring

Discussion and conclusion 

In this chapter, the main findings of the entire inquiry will be discussed. 

The focus is on the insights that expand on the existing body of knowledge. 

Three topics will be reflected on: team cognition; what designers contribute 

to teams; and the specific method deployed for this research: a Deweyan 

inquiry. Also recommendations will be provided for the practice of NPD 

and the practice of design. 

12
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The thesis started with an open question: what is the contribution of designers to 
multi-disciplinary NPD teams? The question lead to an inquiry into the practice of 

multi-disciplinary NPD at Océ. What is unique about the inquiry is that it opens up the 
black box of NPD teams. Despite repeated calls for studying what designers do in teams 
and organizations (Breslin & Buchanan 2008; Kimbell 2009; Hobday et al. 2012), this 
topic is missing in literature. The inquiry is empirically grounded and shows what occurs 
inside the box of NPD, including designers. 

Unfortunately, practice is rich, varied, surprising, and poorly fits any pre-established 
theory. I am aware that the richness of practice also shines through in this thesis, as many 
topics pass by. It explains the size of the thesis. Yet, not confining the inquiry by any pre-
established theory resulted into many new insights into NPD and the practice of design. 
The inquiry compares the findings to other empirical studies and reflects on a range of 
theoretical bodies of literature. And although it is an inquiry into the context of a single 
organization, it transcends the boundaries of this organization. Team cognition is about 
interacting specialists in multi-disciplinary NPD. About individuals who find it hard 
to understand each other’s vocabulary and activities. About the practices of specialists 
and the boundaries between them. Hence, even though it is embedded in a single 
organization, Océ is merely the context of a study that explores interacting specialists 
in complex, multi-disciplinary NPD. Also, it is not about designers at Océ: it is about 
interacting designers in-the-wild, mirroring what teams do. 

The method deployed, a Deweyan inquiry, considers theory instrumental to practice in 
order to develop plans of actions; and practice instrumental to theory, as it provides new 
insights. Consequently this thesis meanders continuously between theory and practice, for 
example comparing empirical observations to existing perspectives, in order to discover 
new insights that expand what is known. Inevitably, existing theories and findings that 
are ‘new’ to the field of knowledge are intertwined throughout this thesis. This chapter 
presents the conclusions, however with a focus on the newly developed insights, to 
disentangle the knot. 

In Figure 12.1 an overview of this chapter is presented. In chapter 12.1 team cognition 
will be discussed, and next to a convenient summary several reflections are provided. 
Originally it was considered that understanding team cognition would provide the ground 
for understanding what designers contribute to teams. However, in hindsight the accent 
is on understanding team cognition, and the contribution of designers is discussed as 
subsidiary to team cognition (chapter 12.2). It adds new theory to the existing body 
of literature on design. In chapter 12.3 the pragmatist method I adopted is reflected 
on, a Deweyan inquiry. Lastly (chapter 12.4), the recommendations of the findings are 
discussed, followed by proposals for future research (chapter 12.5). Below an overview of 
this chapter is provided. 

Introduction Design: the art of mirroring 
what teams do                 (12.2)

Reflections on being a 
practitioner-researcher    (12.3)

Coordination beyond commu-
nication: team cognition  (12.1)

Recommendations for 
designers (12.4.2)

Recommendations for 
NPD practice (12.4.1)

Future 
research 
           (12.5)

Conclusions
         (12.6)

  
Figure 12.1 An overview of chapter 12
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 12.1 Coordination beyond communication: team cognition
Simon (3rd ed.1996: pp.6-12) made an interesting observation on the interface of the 
‘inner’ and ‘outer’ worlds of artifacts, and this also applies for NPD teams. The ‘outer’ 
world concerns the surroundings in which an NPD project operates, and the ‘inner’ world 
concerns of how an NPD team operates in-the-wild. Simon argues that one can study the 
‘outer’ world by the methods of science without diving into its messy ‘inner’ environment. 
The more we are willingly to abstract from a set of phenomena, the easier it becomes to 
model the phenomena at hand. With minimal assumptions on the inner workings of an 
NPD team, the NPD process can be modeled in such a way that it is a predictable system: 
a means to an end. This way of studying NPD considers NPD teams as black boxes and 
resulted into an excess of process management oriented methods. 

However, there are limitations to this ‘objective’ generalizing, as Simon argued (ibid.: 
p.12): “then the properties of the inner system ‘show through’. That is, the behavior of 
the system will only partly respond to its task environment; partly, it will respond to 
the limiting properties of the inner system.” The inner world of NPD teams in-the-wild 
seems to have a poor fit with the neatly ordered models (Veryzer 1998; Hohn 2000; Buijs 
2003, 2007; Edmondson & Nembhard 2009; Griffin et al. 2009; Markham et al. 2010). 
In a Kuhn-ian sense (Kuhn 3rd ed. 1969), the anomalies force scholars and managers 
to reconsider the paradigms on NPD, establishing new vocabulary and models. A well 
known example is the adaptation of the modeling of NPD processes to accommodate the 
fortuitous and messy character of the ‘fuzzy front end’ (Khurana & Rosenthal 1997; Koen 
et al. 2001). New anomalies surface as a result of the open innovation paradigm, that 
has considerable benefits, however, also imposes serious burdens for the team members. 
The inner world of the team must be understood in order to progress. Stated differently: 
the black box of NPD needs to be opened. The framing of NPD as a collaboration of 
individuals is unusual: the socio-interactive dimension of NPD is seldom discussed. A 
notable exception is the conceptual framework that has been recently proposed to model 
the inter-subjective level of interacting members of NPD teams (Smulders & Bakker 
2012). The inquiry presentated here no longer frames a team as a black box. Instead NPD 
is framed as collaboration of individuals, all with distinctive expertise and practices. The 
value of the inquiry is that it is grounded in many observations of NPD in-the-wild. 

 12.1.1 A pragmatist perspective on team cognition
Often deployed theories on team level cognitive properties are ‘shared mental models’ or 
‘transactive memory’(see chapter 4). Underlying most of the theories is the assumption 
that conscious thinking precedes activities. Consequently, if two or more persons need 
to develop a product together, also the alignment and coordination must precede the 
activities. Consequently, team members can only align their activities if (1) they have 
something in common in their minds, such as a ‘shared mental model’; or (2) by means of 
explicit communication. 

The empirical observations of interacting members in multi-disciplinary teams were 
surprising and contradicted the aforementioned assumption:
•	 Team members of distributed teams align and coordinate their activities even when 

they hardly meet; not know each other; belong to different organizations; have no 
extensive project description; barely communicate; have no common training and 
so on. It poorly can be explained by means of well developed common thinking 
structures among team members, or by means of explicit communication. 

•	 Team members were capable do develop an elegant and seamlessly integrated solution 
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for a complex multi-disciplinary problem. However in interviews, conducted in 
hindsight, the team members frame and discuss the topic in entirely disparate ways 
(chapter 7.1.1). It is hard to argue that a clear ‘shared understanding’ had emerged. 

•	 Integrated prototypes are vital for aligning and coordinating activities in NPD teams. 
These prototypes serve test purposes, however it is observed is that these prototypes 
fundamentally are part of the cognitive system. For example, some problems are only 
discovered when a prototype functions reliably. Without the prototype a problem is 
not discovered, and no coordination of activities will be observed to deal with it. 

Main finding 1: to deal with these and other findings a new framework for team 
cognition is developed, rooted on pragmatists theories on cognition. 

A pragmatist perspective conceptualizes knowledge as adhering in our activities, and 
thus cannot be separated from it. Any person knows what to do in the situated context 
of his practice and cognition becomes manifest in the style of activities. Team cognition 
concerns the phenomenon that teams can seamlessly integrate activities of many 
specialists into a whole. Team cognition becomes manifest in the style of activities of team 
members responding to the flux of events, including both daily tasks and dealing with 
unexpected events. Two main premises underlie the framework.

First, it is based on the principle that cognition concerns the perception and 
interpretation of events in the world in relation to expectancies team members have, the 
envisioned system. It is dynamical because the expectancies shape what events in the flux 
of events are bracketed, yet the expectancies are continuously adapted while dealing with 
the flux of events. Figure 12.2, the link between expectancies and the flux of events is 
shown by means of positioning the envisioned system on top, and the environment at 
the bottom. Team cognitive processes are positioned in between these two. Typically for 
NPD a sort non-tangible world exists that for team members is as real as a prototype: for 
example the world of CAD models. Therefore on top of the events in the world in the 
framework ‘joint representational space’ is added.

Second, cognition includes the environment team members are in: the aforementioned 
prototype is part of the team cognitive system. Cognition is no longer considered to be 
residing in the minds of team members, it is in the system including its members, objects, 
language, events, tools and so on. Take away the prototypes and it becomes impossible to 
align and coordinate activities in multi-disciplinary NPD teams, effectively disabling NPD. 

Team cognition has two components: team mind and team consciousness. Team mind 
concerns the implicit coordination of activities among team members. A well developed 
team mind implies that all individual team members know what their relations are 
with others, and hence hardly any explicit coordination is required to progress. Team 
consciousness concerns observable, explicit alignment and coordination of activities at the 
team level. It is needed to deal with events that no longer fit expectancies. 
Several team cognitive processes are discerned:
•	 Imagining and/or reasoning 

Imagining concerns mental activities that attempt to establish what might be the cause 
of a problem or the solution for an unexpected event that is observed. Reasoning 
concerns extrapolating consequences and drawing conclusions. It is observed that these 
processes are subsidiary to the other processes: team members imagine and reason in 
order to compare the flux of events to the expectancies they have.

•	 Team sensemaking concerns dealing with doubt as a result of surprises that paralyzes 
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progress. Team members need to articulate what they know, assess it, put it together 
and synthesize it into a unifi ed whole, in order to proceed once again. Sensemaking 
is defi ned as the retrospective construction of plausible images that rationalize what a 
team is doing. 

•	 Team refl ection-in-action concerns the development of frames that provide guidance 
to the activities of team members across practices, establishing both the direction 
to explore and the limits of the exploration. Th is frame concerns the essence team 
members agreed on, yet leave open ample solution space within distinctive practices. 

•	 Team minding concerns that team members attend the fl ux of events attentively, 
purposefully. It concerns notifying changes in the fl ux that seem to be endangering 
progress of the team. 

Team
Mind

?!!

Team
Consciousness

Environment

Joint representational space

∆T

Envisioning system

Reflection-in-action

Imagining
Reasoning

Imagining
Reasoning

Minding

Sense
making

 Figure 12.2
Th e new framework for team cognition (adapted from 
Figure 7.1). An explanation is provided in the text.

 12.1.2 The core mechanism of team cognition
Other surprising observations show the extreme indeterminacy team members face in 
multi-disciplinary NPD teams. Indeterminacy concerns problems and/or solutions that 
cannot be known fully in advance, or has an infi nite number of possibilities. Several 
factors that constitute the indeterminacy are described, such as standards that need to 
be constructed on-the-go, rather than beforehand. Or problems that are enacted that no 
one conceived before: the problems a team faces are (partly) enacted as a result of prior 
activities of team members. It recalls writings of on enactment in organizations (Weick 
1995). 

A particular fi nding of the inquiry that expand the fi eld of knowledge on NPD is the 
inherent time lag in NPD teams, which strongly moderates the indeterminacy. What 
one team member knows at any given moment is always somewhat ahead of what 
can be observed of his activities in the world. Others do not know what the fi rst team 
member knows, what he plans to do, what he considers a problem, or what strategies 
he considers to solve. Th ey have to guess what the other possibly might be working on 
and why. Consequently, the team does not know what the current state of aff airs is of 
what the team collectively knows. It is observed that ongoing team members attempt to 
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establish what others know, assess it, combine it with what others know and synthesize it 
into a whole: the ‘real’ state of affairs-even though it only exists before ‘the mind’s eye’. It 
requires considerable imagining skills. 

To deal with indeterminacy, team members need to establish what the relations are 
between their activities and those of others, in order to integrate these seamlessly into 
a unified product. These relations are not overseen by anyone beforehand, enduring 
and even not in hindsight of an NPD project. Thus, only team members themselves 
can meaningfully establish how their activities and that of others are related. Weick & 
Roberts (1993) described the core mechanism of what they named ‘collective mind’: team 
members interrelate their activities to those of others heedfully on the base of the prior 
interactions with others, which enables them to envision the larger system they are part of. 

Main finding 2: the core mechanism of team cognition (individuals who interrelate 
their activities to those of others) is adapted to the context of NPD, including the 
constitutive factors. 

The core mechanisms of members of NPD teams interrelating their activities to those of 
others are depicted in figure 12.3. The vertical axis concerns that individuals learn about 
their relations with others as a result of their interactions with others and/or with objects. 
The first concerns seeing and experiencing the activities of other team members for their 
consequences; and seeing and experiencing the consequences of one’s acts on others. The 
latter concerns interacting with objects, and with objects is meant anything that can be 
pointed to or referred to. As a result the individual can envision the system he is part of, 
and subordinate his activities to it. The horizontal axis is rather specific for NPD: the 
envisioned system has two dimensions. It concerns the ‘as-is’ system, including the state of 
affairs of the work of others, or knowing who knows what. And it concerns the ‘intended’ 
system. The latter points to the system the team is creating, including the eventual 
product and, for example, how it is sold or how maintenance is done. 

Each team member establishes the relations between his individual activities and those 
of others: only he himself can do so. In time each individual acts heedfully, and large 
stretches of activities do not need consultation with others to be seamlessly aligned. It 
recalls a essential argument of Blumer’s writings:
“A joint action cannot be resolved into a common or same type of behavior on the part of 
the participants. Each participant necessarily occupies a different position, acts from that 
position, and engages in a separate and distinctive act. It is the fitting together of these 
acts and not their commonality that constitutes joint action” (Blumer 1969: p.70).
Thereby the activities of team members show (1) distinction as each specialist brings his 
specific expertise, and simultaneously are (2) unified, as all team members are responsive 
to others in order to finalize their tasks. Team members know what to do, can progress 
relatively on their own, and still their collective efforts become a unified whole. As a 
result, the team as a whole depicts intelligence: team cognition is operating.
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envisioned
‘intended’ 
system 

envisioned 
‘as-is’ 

system

interact with others

interact with objects

   
Figure 12.3
Th e core element of team 
cognition: an individual 
interrelating his activities to 
those of others. Two mechanisms 
enable to learn about relations: 
interactions (with others and/or 
objects) and envisioning the larger 
system (‘as-is’ system and ‘intended’ 
system) 

 
 12.1.3 Joint practice: a common world that drives team cognition

As all team members ongoing and independently interrelate their activities to those of 
others, in time a higher order pattern of interrelations emerge: a network. Individual 
team members fi t their activities to the whole, as they envision it. As all team members fi t 
their activities to the whole, their collective activities become joint. Also, each specialist 
has its own practice including models, tools, prototypes, vocabulary, events and persons 
that are meaningful. It is found that some of these things are particularly meaningful 
to many members of multi-disciplinary NPD teams and become part of the practice of 
many: joint practice. Joint practice can be conceptualized as the nodes in the network of 
interrelations. Th e nodes serve as anchors for team members to interrelate their activities 
to those of others. 
Joint practice has several constituents, and four types of constituents have been distilled 
from the observations (Figure 12.4). A brief summary:
•	 Boundary objects

Meaningful objects many team members interact with such as integrated prototypes. 
However, it can also be repositories, shared tools and methods, maps, models. It is 
found that particularly tangible objects have boundary spanning qualities, as the 
bodily experiences while interacting with the object are the same for all. 

•	 Linguistic artifacts
Specifi c words commonly deployed in teams that are both a result of activities, and 
structure subsequent activities. 

•	 Boundary events
Meaningful events experienced by many, who collectively deal with it.

•	 Boundary spanning roles
Persons and roles that interact with many, participate across boundaries and can 
negotiate for others. 

Although the constituents serve as an anchor for team members to align and coordinate 
their activities, it does not imply that the constituents of joint practice have the same 
meaning for all involved, as the observations showed. Rather it should be conceptualized 
that the constituents of joint practice are robust enough to serve as an anchor across 
practices, yet are plastic enough to be interpreted diff erently within practices. 
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(Sub-) Team 1

(Sub-) Team 2

boundary spanning
roles

boundary spanning 
experiences

boundary objects

linguistic artifacts

Joint practice

Figure 12.4
Some objects, words, events or roles are particularly 
meaningful to many, and thus are part of the joint 
practice (adapted from Figure 6.9)

Main fi nding 3: alignment and coordination of team activities should be attributed to 
the joint practice, part of the common world that all team members share. 

It can be argued that joint practice produces a ‘shared understanding’ or a ‘shared mental 
model’ that enables to align and coordinate activities. Th e observations challenge this 
position, as discussed in 12.1.1. Th e argument developed here is a radically diff erent one 
and puts joint practice central for team cognition. Th e phenomenon of teams aligning 
and coordinating their activities into a seamless whole, must be attributed to the joint 
practice all team members engage in. It are similarities that can be found across the 
distinctive practices in NPD teams that facilitate alignment of activities; rather than 
similarities in ‘thinking structures’.

Th is joint practice is fi rmly situated in the common world that can be observed by 
all. Joint practice provides the anchors for all team members to align their activities. Each 
individual team members acts from his particular position and shows distinctiveness (as a 
specialist), responsiveness (to activities of others), and awareness (of the larger system). He 
orientates himself by means of a jointly constructed practice of objects, representations, 
words, events and roles. For example, an engineer can notice a strange detail in some part 
and infer what another engineer probably was considering; even without communication. 
He adapts his parts in such a way that the parts fi t the work of others. Th e engineers 
share a joint practice, in this case the objects that can be observed and interacted with. 
Interestingly, joint practice is (mainly) constructed as a result of prior activities, and 
reciprocally provides guidance to the subsequent activities. It is an aspect often mentioned 
in practice theories (Orlikowski 2002; Østerlund & Carlile 2005; Bechky 2011; Feldman 
& Orlikowski 2011). 

 12.1.4 Tangible objects
An important constituent of joint practice are objects. Team members learn among others 
by means of interactions with objects about the relations of their activities and those of 
others. ‘Objects’ concerns most of all artifacts of the activities of others, as these represent 
past activities of others. Th e focus on interactions with objects is an aspect that received 
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less attention in the literature on boundary objects (Star & Griesemer 1989; Carlile 1997, 
2002, 2004; Levina & Vaast 2005). The authors mainly discuss the objects themselves. 
For one type of boundary objects precisely the interactions are important.

Main finding 4: the strong contribution of tangible objects for team cognition is a result 
of our bodily experiences while interacting with these objects.

This finding extends the field of knowledge on boundary objects. Tangible objects 
constitute cognition of an individual: thinking is incited and shaped by our bodily 
experiences while interacting with these objects. The bodily experiences provide rich and 
varied cues, including smelling hot running motors, feeling an unstable part, or hearing 
a an awkward sound. These cues are noticed while we are doing something else and draw 
our conscious attention. For team cognition these bodily experiences are important, as 
the experiences are relatively the same for all involved. The experiences provide a relative 
stable ‘truth’ across team members. It is possible to discuss and disagree on abstract 
matters as interpreting safety legislation; but not on the experience of burning your hand 
to a very hot motor. 

The question is why the contribution of tangible objects is discussed so little in 
NPD literature; or why so much emphasis is instead on textual requirements, briefs and 
specifications. According to me, the problem is that we are hardly aware what constitutes 
our thinking. As Polanyi argued:
“The way we see an object is determined by our awareness of certain efforts inside our 
body, efforts we cannot feel in themselves. We are aware of these things going on inside 
our body in terms of the position, size, shape and motion of an object, to which we are 
attending. In other words we are attending from these interactions to the qualities of 
things outside” (Polanyi 1966: pp.13-14) 
Point is: we are unaware of the particulars we attend from, we are only aware of the things 
we attend to. We are not aware that we discover a problem, because we get sore knees, 
while evaluating a problematic situation. We do not know that we got an intelligent idea, 
because a strange sound snared an old and long forgotten frame.

 12.1.5 Team level cognitive processes
At the level of the team, four cognitive processes are identified and studied, with rather 
distinctive characteristics (see also Figure 12.2). It is found that a natural sequence exist 
between these processes: minding, sensemaking, reflection-in-action and minding once 
again.

Main insight 5: for teams the process of sensemaking is the process of reframing as a 
result of a surprising event. 

Reflection-in-action concerns imposing frames onto a situation, do moves within the 
frames and reflect on it. For an individual, every now and then he has to reframe, that 
is: adopt another frame as the older one no longer seems to function. The reframing 
is swift and often ‘below the radar’ of what can be observed. For teams, it is found 
that sensemaking is reframing a as result of an encountered surprise. Surprises lead to 
uncertainty and ambiguity, and above all the latter leads to sensemaking processes: the 
surprise is interpreted differently by distinctive team members. They do not agree on basic 
matters as: do we really have a problem? What caused it? Who should be involved? What 
are the consequences? The implicit frames of the team members are conflicting. 
As discussed in chapter 7.2, ambiguity is the antonym to a strong guiding frame: 
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ambiguity is felt, precisely because such a frame is missing. Sensemaking is about 
dealing with multiple interpretations, caused by the multi-disciplinary collaboration. 
Team members need to agree on aforementioned matters, and the only way to do so 
is articulating what team members know, assess it, combine it, and synthesize it into a 
unified whole. Sensemaking/reframing requires considerable time and efforts, resulting 
in many meetings. The distinctive processes also require distinctive methods and tools, as 
will be discussed in the recommendations. 

 12.1.6 Surprises are the benefits 
The essence of multi-disciplinary collaboration is two or more persons with distinctive 
expertise, who develop something none of them is capable to conceive individually. The 
combination of their knowledge and activities is not foreseen completely, and often result 
in surprises. When technology is immature and not understood well, surprises will prevail. 
However, it is observed that also in later stages of NPD projects surprises are everyday reality. 
The entire ORE case is a series of surprises just before preparations started for customer 
trials! Surprises prevail in the entire NPD process, and an explanation is the slowly 
changing focus of the team from the beginning to the end. As a result, the required 
expertise also changes. In the infancy of an NPD project technology is developed, 
requiring a range of skilled researchers and developers. The later stages are about 
engineering, production preparation and packaging. These issues require other specialists, 
who add new knowledge and framings to the team. Inadvertently these new team 
members introduce surprises inside the team, simply because they do their work well. 

“When I started (..) we assessed the entire paper handling function, together with 
some experts. Both from inside the NPD project, but also some from other parts of the 
organization [including production] (..) that was the moment we concluded (..) this 
will not function. We never get it prepared for production” (validator).

Surprises and the subsequent doubt as a result of ambiguity paralyze the NPD teams. 
Hence, sensemaking is mostly considered a nuisance for teams, because at first sight 
sensemaking is appallingly ineffective for obtaining the ends as planned. Planning and 
ongoing activities become meaningless, as it is unclear what the magnitude of the problem 
is, or who should be involved. Yet surprises also show another face.

Main finding 6: surprises and the subsequent sensemaking lead to innovation and team 
learning. 

Surprises are intrinsically part of everyday practice of NPD, leading to ambiguity among 
team members. When sense is made of the ambiguous situation at hand, new knowledge 
is created. Dealing with the ambiguity results in new framings, new possibilities and new 
directions to explore. Some surprises are possibilities not conceived by anyone before, 
and deviate from what is planned and asked for. Teams that are mindful to surprises, 
inevitably will turn many surprises into innovations. These innovations enhance the 
eventual product and are beyond the project brief and the list of requirements. Surprises 
and sensemaking processes are beneficial for NPD. Rather than considering a surprise and 
subsequent sensemaking process as an aberration from the planned activities, sensemaking 
is a core process advancing teams.

Surprises, leading to smaller and larger innovations, occur enduring the entire NPD 
process, as continuously team members are added and new problems and possibilities are 
enacted. Naming early stages in NPD projects as ‘fuzzy front end’ (Khurana & Rosenthal 
1997; Koen et al. 2001) and later stages as ‘execution’, implicitly enacts that sensible 
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innovations in later stages of the NPD processes will be sacrificed for a feeling of control. 
It overvalues technological innovation with long development times, and undervalues 
innovations such as packaging, which are also valued by clients. According to me, the 
categorization in stages geared for discovery and/or innovation, and stages geared for 
execution of a pre-defined brief, is counterproductive, merely enacting that innovations 
in later stages are stifled (for similar warnings: Benner & Tushman 2003: p.253; Smulders 
2010).

 12.1.7 Distributed teams: coordination beyond communication
Communication is conveying information from one person to another, by means of 
a verbal or written message. The findings shift the focus for aligning and coordinating 
activities in NPD teams from communication to interaction. From team members who 
discuss things in order to align activities, to team members who work iteratively and 
transparently in order that they learn what the relations are in their activities with those of 
others. From team members who report about client visits, to team members who share and 
discuss photos of client visits. From team members who develop modules that are tested by 
others; to team members who participate while integrating and testing their modules. 

I do not reject communication, rather communication is merely seen as one 
means out of many to interact. However, it is a means that is possibly somewhat over 
esteemed, considering the time spent on meetings, phone calls, email, reports, briefings, 
requirements and specifications. Sometimes a small sketch is much more effective to align 
activities; or evaluating a prototype together; or seeing a usability test together. 

The shift from communication to interaction is above all of relevance for distributed 
teams. Part 4 of the inquiry provided many insights in the challenges team members face, 
part of distributed teams. They seldom meet face-to-face; speak different languages; have 
a distinctive vocabulary; and sometimes communication is limited as a result of secrecy. 
Stated differently: compared to co-located teams is communication in distributed teams 
seriously hindered. Other constituents of joint practice, which might compensate for the 
lack of communication, are also reduced. For example, seldom tangible objects are shared 
across sub-teams as integrated prototypes. Team members of sub-teams no longer see the 
‘big picture’ in which their parts and modules need to fit, no longer integrate and test 
their modules themselves, and no longer observe and experience how clients and users 
respond. Reports, specifications and requirements can never duly replace meaningful 
things and events, or even impose unwanted limitations.

Main finding 7: distributed teams need to ‘talk visuals’ in order to align and coordinate 
activities. 

The effects of the reduced communication and lack of joint practice can be somewhat 
mitigated by means of extensive use of visuals. More and more photo’s are send around 
the globe, for example of a broken part, or screen dumps of CAD or even scans of 
crude sketches. The consequences of this shift from communication to interaction for 
(managing) distributed NPD teams are manifold, and will be discussed in chapter 12.4.1. 

 12.2 Design: the art of mirroring what teams do
So far, team cognition is discussed. In the subsequent section, the focus is on the 
contribution of designers. This contribution adheres to the ‘intended’ system, and 
expressing the ‘intended’ system in general will be discussed first. Subsequently, the 
particular contribution of designers is presented.
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 12.2.1 Expressing the ‘intended’ system 
In general, each team member envisions the ‘intended’ system and subordinates his 
activities to it. The individual envisioned ‘intended’ system is a result of past experiences 
and interactions, and thus the envisioning varies considerably across team members. 
What team members conceive that the ‘intended’ system is, shapes what they do. If the 
envisioned ‘intended’ systems of individual team members varies considerably, it is hard to 
align and coordinate activities into a unified whole. 

Consequently, common representations of the ‘intended’ system are required that 
provide anchors that enable team members to align and coordinate their activities. If 
hardly no objects exist that provide pointers to the ‘intended’ system, team members no 
longer ‘know’ what is expected of them: how can I know what we intend, until I see what 
we create? Thus, compelling representations of the ‘intended’ system are required that 
become part of joint practice. This may suggest extensive requirements and comprehensive 
project descriptions, as these articulate and describe in depth what needs to be developed. 
However, the relations among requirements are often misty. They leave open ample space 
for interpretation and ambiguity. It is undisputed that requirements and specifications are 
needed for NPD, but these hardly express the ‘intended’ system. 

Main finding 8: the envisioned ‘intended’ system needs to expressed, as it guides the 
alignment and coordination of activities in NPD. 

The ‘intended’ system not as much needs to be articulated by means of text based 
documents, but needs to be expressed by means of representations understood by all. The 
representations of the ‘intended’ system need to be compelling, coherent, elegant, and 
unified. It enables that team members can envision the ‘intended’ system and commit 
themselves in order to subordinate their activities. 
The artifacts of designers, showing compelling images of the eventual product are such 
representations, however it are not the only ones. A wide array of possibilities is observed 
and experimented with, including aesthetically pleasing sketches, models, prototypes, 
technology demonstrators, product stories and projecta’s. Well expressed representations 
are persuasive and convincing. Four reflections are discussed below.
•	 The representations of the ‘intended’ system need to show a macro view on what 

the product is about, represented loosely and appealingly: capturing the essence 
rather than the details. It provides a plausible story with the charm of the skeleton: 
rigid enough to align activities across sub-teams; yet plastic enough to be adapted 
within sub-teams. Thereby this plausible story does not replace requirements and 
specifications, rather they co-exist.

•	 The findings suggest that representations that operate in the domain of experience 
itself are particularly valuable for team cognition: ‘experiencing is believing’. Exciting 
new technology should be shown by means of a working demonstrator. Innovative 
product proposals should be presented by means of 1:1 models of the eventual product 
itself, including user interfaces. Business cases should not only show numbers, but also 
include, e.g., the proposition embodied by means of a advertisement. 

•	 Expressing the ‘intended’ system is not merely about translating a preconceived 
message into an appealing format. Rather the chosen medium co-shapes what the 
‘intended’ system is. The expressive representations accentuate topics and obscure 
others, shaping how topics need to be considered by those involved. And thus shape all 
subsequent activities.  
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•	 The message conveyed cannot be seen apart from the medium chosen. In NPD, 
the choice to represent the intended outcome of an NPD project by means of a 
spreadsheet showing profit, or by means of a beautifully crafted mock-up is not 
arbitrary at all. It is a decisive choice to frame the topic at hand in a specific way: 
all media have their own specific properties that enable to express something. The 
medium chosen effectively frames aspects of the ‘intended’ system, highlighting how it 
should be interpreted. It is observed that even the naming of a new NPD project had 
serious implications (chapter 11.4.1). As Dewey argued: “The medium is the mediator. 
It is a go-between of artist and perceiver” (1934: p.207). It requires skills to express 
the ‘intended’ system, and it requires sensitivity to know what representation fits the 
situational context. 

In chapter 9, an analogy was used to explain how representations of the ‘intended’ system 
shape activities in the here-and now: a mirror that shows the ‘intended’ system. A mirror 
enables to reflect on activities in the here-and-now for their consequences on the eventual 
product. This enables team members to interrelate their activities to those of others. The 
argument developed here is that a mirror is not neutral: every mirror provides a distinctive 
reflection of the reality. The mirror quite literally ‘frames’ the activities in a specific and 
compelling way. 

 12.2.2 Designers expressing the ‘intended’ system 
Inside multi-disciplinary teams, the designers discern themselves by means of a user-
centered and outside-in framing of any topic they encounter. They ‘talk products and 
users’: how the eventual product will look like, how users interact with it and how it will 
be experienced. 

Main finding 9: designers show the consequences of what multi-disciplinary teams do on 
the ‘intended’ system.

Designers are well trained to imagine the ‘intended’ system and have expressive skills to 
turn their view on the ‘intended’ system into compelling representations. They visualize 
what might be, showing the unified whole of all efforts by means of vivid images and/
or models that can be seen and experienced by all. The images and models provide rich 
and varied cues that enable others to interrelate their activities and rationalize what they 
are doing. Consequently, designers mirror the activities of teams in the here-and-now, 
showing the consequences for the eventual product. Thereby the ‘designerly’ mirror is not 
a neutral means: it frames any topic human-centered. Three reflections are provided:
•	 It is not that designers ‘specify’ the ‘intended’ system independently, and others 

adopt their activities. The other way around, it is also not that others do their 
activities independently, and designers ‘translate’ these activities into images. Rather, 
the activities constitute each other, synthesizing in time into a unified whole. The 
‘designerly’ representations are interpretations of what the designer conceived what the 
‘intended’ system is, as a result of his interactions with others. The feedback of other 
team members enables that in time the artifacts of designers more and more mirror 
what the team conceives what the ‘intended’ system is. 

•	 Next to designers, many others feel responsible for the ‘intended’ system, such as 
planners, (technical) architects or marketing. The uniqueness of designers is that they 
can express the ‘intended’ system well. It is presenting what the team is doing by 
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means of representations, which are coherent, elegant, comprehensive, plausible and 
capture the essence. Or even are exciting, offsetting, or providing food for thought. 
Designers have the skills to present things in such a way that they are compelling 
offerings for others, and thus unobtrusively shape the frames deployed in a team. 
As such, the finding shows that aesthetics are also of importance for NPD teams 
developing the product at hand and not just in relation to users of the product. 

•	 Consequently, designers facilitate team cognition, however somewhat unintentionally: 
they simply are acting as designers. They are not mirroring deliberately what teams do: 
it is the practice of designing that mirrors what teams do. 

Expressing the ‘intended’ system is also an art that gains importance in the situation 
of distributed teams, where team members no longer share the same language, deploy 
distinct vocabulary and hardly meet face-to-face. For distributed teams, often attempts 
are made to reduce the enlarged indeterminacy by means of thick lists of requirements 
and/or specifications. However, the reliance on textual requirements and specification is a 
misconception, according to the findings here. Such descriptions fail to see that language 
is an impoverished means to express something non-existent, above all for those who do 
not share the same language. I believe that developing compelling representations of what 
might be is a necessity for distributed teams. 

 12.2.3 The right fidelity
The discussion on expressing the ‘intended’ system by means of compelling 
representations may suggest that these representation need to have a high quality, such 
as photo-realistic renders, life-like animations, or near-perfect models. However, it is 
found that the type and form of representations strongly shape the subsequent dialogue 
and discussions. Sometimes these ‘professional’ representations are counterproductive to 
the aims of the teams and is a crude sketch a better representation to obtain the aims. 
Consequently, what type of representation to be used is situational.

Main finding 10: the type and form of representations is situational. There is a right 
fidelity for the representations for different situations, considering the aims of the team. 

Fidelity concerns the chosen depiction of reality; whether a representation is abstracted, 
for example ‘sketchy’ or depicts realism. The right fidelity is a fidelity appropriate for 
the situational context. A matrix provides an overview of the insights inferred from 
the experiments, in relation to the right fidelity, and is shown in Table 12.1. Two main 
questions need to be asked to ascertain what the fidelity of a representation should be.

Is the team in a sensemaking process or a reflection-in-action process?
For sensemaking, ambiguity prevails and a jointly developed and shared interpretation of 
a topic is required. Representations are needed that incite a dialogue on how things are 
interpreted by the team members. Movies and photos are needed that show the existing 
situation. Sketches that show possible scenarios. Pie charts depicting market information. 
These representations need to provide rich information and many cues, facilitating a 
dialogue. It is found that representations need to present information in ways that lack a 
frame as far as is possible, the ‘unfiltered’ data.  
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‘As-is’ system ‘Intended’ system

Sensemaking A visual dialogue to understand what the team 

thinks the problem is

A visual dialogue to understand what the team 

thinks they need to create

Aim Sharing and assessing what team members know, to 
synthesize plausible story: what is the situation?

Sharing and assessing what team members know, to 
develop  plausible story: what are we creating?

Fidelity Realistic: any cue might incite a frame that provide 
explanations

Low: requiring that team members resort to imagining, 
questioning, thinking aloud

How? Showing unfiltered information without a frame, as 
far as is possible

Showing alternatives to spark an open ended dialogue 
in a team

Examples Photo’s, movies, tangible objects, interviews, 
prototypes

Crude sketches of scenarios and alternatives, cardboard 
prototypes,  conceptual proposals

Main finding Sensemaking is interpreting representations 
collectively

The process of visualizing in a team is process of 
sensemaking

Reflection-in-action A visual argument by imposing a frame onto a 

problematic situation

A visual argument by imposing a frame onto what 

needs to be created

Aim Creating commitment in a team  and/or 
stakeholders to solve a problem

Creating commitment in a team  and/or stakeholders to 
develop an idea

Fidelity Often realistic, but as long as it is swift: anything 
will do that explains the problem well

Hyper realistic: better than real life in order to seduce 
and persuade

How? Expressing a problem, putting forward a strong 
guiding frame

Expressing an idea, putting forward a strong guiding 
frame

Examples Photos, back of the napkin sketches, a brief story, 
small movie

Renders, animations, ‘professional’ movies, 
demonstrators, business cases, a compelling story

Main finding A problem needs to be framed convincingly A possibility needs to be expressed persuasively, 
deploying many means

Table 12.1
An overview of findings in relation to the right fidelity of representations, above all visualizations. 
I deliberately did not include examples of visualizations, hopefully inciting imagination for more alternatives 
to represent something well.

For reflection-in-action the representation needs to provide a strong frame that provides 
guidance to subsequent activities. These representations are quintessentially visual 
arguments that frame a topic in a compelling way, so that others commit to it. They 
capture the core essence of a topic and provide sufficient slack so that stakeholders and 
team members can commit themselves wholeheartedly. An overly precise and detailed 
representation may result that someone loses interest unnecessarily. On the other hand, 
if a visual, a story or a projecta lacks concreteness or appeal, subsequent activities will 
not converge or even start. Maybe the best summary is provided by a somewhat poetical 
reflection:

 “Design is a battle of sorts between naming the thing and losing the dream; and 
keeping the dream but losing the name that stirs others to make the dream happen” 
(Weick 2002: p.48).

Only by expressing an idea by means of naming, articulating and visualizing it, can it be 
compelling to others. At the same time this expression inherently introduces the risk that 
the idea is lost or compromised.
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Is it referring to the ‘as-is’ system or to the ‘intended’ system?
For the ‘as-is’ system realism is key: often photos and movies are deployed. For the 
‘intended’ system the representations vary considerably. For making sense of the 
‘intended’ system, a visual dialogue is sought for. The experiments showed that 
representations that leave open many interpretations serve best, for example abstracted, 
somewhat crude sketches or scenarios. The representations need to convey that it is not 
a final proposal, but a possibility. For reflection-in-action processes, persuasive means are 
needed, such as better-than-life renders, ensuring commitment.

 12.2.4 Designers spanning boundaries
Team members of some practices hardly develop a joint practice, which makes it 
difficult for the team members to subordinate their activities. Only by considering 
the consequences of the activities for the ‘intended’ system the team members within 
distinctive practices can reflect on their collective work. 

Main finding 11: designers span boundaries between practices, but not because designers 
are (nominated) boundary spanners. Rather it is the practice of designing that spans 
boundaries. 

Designers can span boundaries between specific practices: especially those who have 
no joint practice and contribute to the eventual product. The ongoing development of 
representations of the ‘intended’ system by designers can be critical for team cognition 
in those situations. The human-centered framing on any topic they encounter facilitates 
that team members learn about their relations, as their activities in the here-and-now 
are ‘projected’ onto the ‘intended’ system (for a comparable argument on organizational 
learning: Junginger 2008a). 

Interestingly, designers are not part of one of the practices in between a boundary 
exists, and thus are not archetypal boundary spanners. In order to do their work, they 
have to participate with the two practices in between a boundary exists in order to obtain 
their aims: such as a high usability and a good user experience. Consequently, designers 
built a bridge that spans the two practices, often without being aware of it. 

However, the experiments show that designers who are aware of their boundary 
spanning practice can knowingly leverage their skills and capabilities to bridge complex 
boundaries, for example in distributed teams. Expressing the ‘intended’ system is an art 
that can be developed, an art that is in line with the capabilities of designers with their 
visualization and imagination skills. 

In the stakeholders analysis (Appx.1) one of the findings was that designers span the 
organizational boundary between marketing and R&D:

“And then this competency, I really appreciate it, which is about transferring the message 
from R&D towards marketing and sales. So this may seem to be a kind of low profile, 
but it really makes the difference......” (VP Business Development). 

It is a well known boundary in organizations (see e.g., Griffin & Hauser 1996; Krishnan 
& Ulrich 2001). Several experiments in chapter 11 addressed this boundary. In order 
to explain the contribution of designers in relation to this specific boundary, the classic 
duality that underlies the boundary needs to be articulated. The gap that exists between 
‘what should be’ (such as requirements) and ‘what can be’ (such as technology and/
or budget restraints). It is colorfully described by Conklin (2005) as a battle between 
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the worlds of ‘What-Is-Needed’ and ‘What-Can-Be-Built’. Th e practice of designers 
sometimes transcends the duality by providing images of ‘what might be’: the ‘intended’ 
system. Designers create rendered visuals, demonstrators, mock ups that all depict the 
eventual product and how a user interacts with it. Th e representations are not developed 
apart from what other team members are doing, rather it is an interpretations grounded 
in the work of others. Th e images of ‘what might be’ provide a platform for teams for 
negotiating and reconciling ‘what should be’ and ‘what can be’, introducing a third and 
neutral perspective.

In short, the dualistic relation between R&D and marketing becomes a more fruitful 
triadic relation when designers are included, as shown in fi gure 12.5 below. It broadly 
describes the observed diff erences at Océ. Marketing is about ‘what should be’ and 
opposes designers and R&D, who have to fi nd solutions to meet the requirements put 
forward by marketing. R&D is about ‘what can be’, balancing available resources with 
the aims of the NPD project. R&D opposes marketing and designers, who are concerned 
if the quality of a product will meet demands of users and/or clients. Designers consider 
‘what might be’, imagining new possibilities, for example by expressing a product story. 
Th ey oppose R&D and marketing as imagining often lacks realism, such as cost price or 
planning.
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Figure 12.5
How designers can span the boundary 
between marketing and R&D, or 
between ‘what should be’ and ‘what 
can be’. Designers show ‘what might 
be’, transforming the dualism. Showing 
possibilities facilitates the discussion 
between marketing and R&D.

 12.2.5 Working methods are a natural fit with sensemaking processes 
As discussed before (chapter 12.1.5), surprises and subsequent sensemaking processes are 
part of the everyday practice in NPD. 

Main fi nding 12: the ‘designerly’ working methods are a natural fi t to deal with 
sensemaking processes. 

Sensemaking processes require face-to-face meetings that are inherently somewhat 
messy, and use objects that provide many cues. What team members know needs to 
be articulated, assessed, combined and synthesized into a whole. A typical ‘designerly’ 
approach to deal with situations they encounter is to organize workshops, thereby 
involving several team members who in a creative way grasp the problem at hand and 
propose solutions. Th e working method fi ts sensemaking processes well.

At Océ, stakeholders recognized the inherent value of the ‘designerly’ methods. Th ey 
let designers facilitate team processes for dealing with poorly understood and contested 
technological problems. Th e conducted experiments suggest that it is not only about 
‘doing workshops together’ where information is articulated, assessed, combined and 
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synthesized to make sense of a situation. In order to converge, expressive means are 
required that show well what is agreed on. It needs to be compelling, and capturing the 
essence, requiring the skills of designers. 

 12.3 Reflections on being a practitioner-researcher
A third topic which requires reflection is the method deployed. For this inquiry, I adopted 
an untypical method: a Deweyan inquiry. A large gap still exists between the world of 
academic science and NPD practice (Andreasen & Wallace 2011). This inquiry is an 
attempt to bridge practice and theory, and for building the bridge practice and theory are 
equal partners.

 12.3.1 The benefits and limitations of a Deweyan inquiry
The problem I was confronted with, is that no off-the-shelf methodology exists for a 
practitioner-researcher. Therefore I adopted an approach which is based on Dewey’s 
pragmatist treatise on the logic of scientific inquiry (Dewey 1938). Unfortunately, this 
treatise is philosophical. I had to translate Dewey’s writings into a step-by-step approach 
that guided the inquiry. An inquiry roughly can be divided in three main steps: doing 
observations to analyze and reconstruct a doubtful situation; reasoning in order to 
put forward productive hypotheses and validating these by means of experiments that 
intervene in the doubtful situation.

It is akin to action research. Yet, as Schön argued (1995), action research is deeply 
ingrained in the ‘technical rationality’ of ‘the community of scientific inquiry’. A method 
is needed whereby the acquired knowledge should fit the norms and standards of the 
‘community of practice’ in which the inquiry is performed. At the same time, the findings 
must lend themselves for an intellectual debate with ‘the community of scientific inquiry’. 
Thus, Schön called for a new epistemology in order to bridge the communities of practice 
and the communities of scientific inquiry:

“The new forms of scholarship (..) must lie closer to practice. They proceed through 
a design inquiry, in the Deweyan sense. They are infused with a tacit knowing that 
their practitioners usually cannot describe (..) and they are inimical to the conditions 
of control and distance that are essential to technical rationality. The epistemology 
appropriate to the new scholarship must make room for the practitioners reflection in 
and on action” (Schön 1995: p.34).

The inquiry in this thesis is grounded in the practice of complex NPD and explores a 
wide range of relevant topics. Theories are evaluated for their practical operationability 
by comparing practice as observed to what is known in literature. For those findings for 
which no adequate theory is found, new theory is developed and validated in the practice 
of NPD at Océ. Now: what is learned (by-doing) in relation to the method itself, a 
Deweyan inquiry? Several reflections are discussed below. 

A practitioners method
Most of all, it is a method for ‘practitioners doing research’ and not applicable for 
‘researchers doing practice’. Practice is imbued with knowledge of which the practitioners 
are unaware of and cannot tell. This knowing-in-practice is only learned through practice. 
It is impossible to tap in this intelligence by interviewing or observing. Only participating 
will provide the deep insights required and conduct experiments in practice. An 
observation that underscores this is that the few empirical studies that are relevant for this 



300

inquiry are conducted by participating researchers who have an educational background 
in the practice they research (Bucciarelli 1994; Hutchins 1995; Carlile 1997; Orlikowski 
2002; Kleinsmann 2006), or are practitioners themselves (Hargadon, in Hargadon & 
Sutton 1997). 

Also, it is well possible for practitioners to gain access to what is known in relevant 
fields of knowledge. Science is geared to explicating knowledge and although it requires 
much study, it is possible to tap into what is theoretically known.

Validating theory for their practical consequences
A Deweyan inquiry in a way reverses ‘classic science’; a reversion that is highly valuable 
for practice. Whereas for ‘classic science’ the focus is on inventing smart and controlled 
experiments that verify a theory, for pragmatist the focus is on finding and verifying 
theory for their applicability in practice. It may seem a subtle difference, yet it requires a 
different research attitude. It results most of all into comparing theories and subsequently 
progressing the theories. The field of knowledge is explored for interesting theories that 
may provide explanations for observations. Those aspect that cannot be explained, are 
the seeds for new theory. And even those theories need to be validated first in practice by 
conducting experiments.

The pragmatist ‘full circle’
The method elegantly circumvents the criticism that inevitably adheres to qualitative 
empirical studies: the problem of verification. The studies are always rooted in one or a few 
cases and thus are hard to generalize. Studies that do the ‘full circle’ are more appreciated: 
discovered insights in one situation are verified by means of subsequent quantitative 
research. A Deweyan inquiry proposes another verification mechanism. The pragmatic 
‘full circle’ is about doing observations to derive insights, which are verified by means of 
intelligent experiments. Rather than ascertaining that the insights derived are generic,  
by doing more observations in other situations, the insights are validated by means of 
experiments in the context of practice itself. The Deweyan approach is as near as a 
practitioner-researcher can get to the ‘full circle’ warranting rigor.

The natural epistemology for studying design 
It is argued in chapter 2.2.3 that pragmatism fits well the subject matter of designing: 
it is “design’s natural epistemological base” (Melles 2008b: p.5). In hindsight, the 
argumentation is verified by means of this inquiry. The Deweyan inquiry, including a 
multi-method approach felt natural, provided many insightful surprises and is highly 
productive; it truly guided me in a revelatory quest. As experiments are part of the method, 
it well fits the practice of design, with its solution-based strategy to problemsolving. It 
probably much better fits the practice of design than case study research, opposing the call 
for doing case study research on design (Breslin & Buchanan 2008). 

The problem of reflection on action 
However, a serious methodological problem resides in the method of a Deweyan inquiry. 
The difference between a reflective practitioner (Schön 1983) and a reflective practitioner-
researcher, is that the latter attempts to transcend his individual practice, in order to 
generalize findings. Therefore the practitioner-researcher is reflecting much more on his 
actions than in his actions. In order to meet scientific rigor, he inevitably needs to step 
out of his practice, loosing practical relevance. Gathering data can be done while being in 
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action, but subsequent analysis requires much time and considerable concentration. For 
me personally, it was nearly impossible to be a practitioner and researcher simultaneously 
and I even had to step out of my practice for a periods of months in order to progress 
in the inquiry. It felt like cooking a delicious meal and at the same time studying food 
sciences in order to compare these two. It is impossible: as a practitioner-researcher I 
inevitably had to choose every now and then between putting an memorable meal on 
the table, or analyzing in depth why stir-frying kiwis doesn’t work, thereby triangulating 
methods, researchers and data sources.

Yet the premise underlying a Deweyan inquiry is learning-by-doing. The problem is 
that the required reflection on action with a scientific rigor requires ample time, while at 
the same time the world progresses. It possibly explains why I never found any empirical 
research based on Deweyan logic in the context of NPD, even though Schön called for 
it. This inquiry shows it is possible, yet requiring a (strong) personal motivation and an 
organization that esteems organizational learning.

 12.3.2 An explanation for using chronological references
The tense relation between practical relevance and scientific rigor also becomes manifest in 
my choice to make references in chronological order in this thesis, instead of alphabetical 
order. I compared several times bodies of literature with the practice as observed. What 
became an ongoing theme is that many of the observations best can be explained by 
decades-old theories and studies, rather than by means of recent publications based on the 
older theories. It has two causes. 

First, often the original -often quoted- writings are interpreted poorly, if not entirely 
erroneously. Consider the widespread misconception of Simon’s ‘Sciences of the Artificial’, 
often criticizing it as an overly rationalistic account of design. Yet Simon showed he 
was particularly aware that design is open-ended and about heuristics. He called for a 
science of design, as it does not fit ‘regular’ sciences (for a comparable argument, see Soo 
Meng 2008). Second, it seems that many recent publications attempt to adapt the older 
theories, fitting it in a rationalistic perspective after all. Consider the publications that 
cite the tacit dimension of knowledge, revolving around Polanyi’s ‘The Tacit Dimension’ 
(1966). His point is that we know more than we can tell, e.g., the skill to play piano can 
never be explicated. Yet many publications since discuss ‘translating’ tacit knowledge into 
explicit textual information, in order to ‘manage’ it. The publications entirely overlook 
that this knowing only can be learned through practice and never can be articulated (for a 
comparable argument: Tsoukas 2003).`

Thus, any attempt to fit the ideas of, for example, Ryle, Dewey, Mead or Schön in a 
strict rationalistic perspective are recipes for failure. Also, the findings of this inquiry show 
that the older theories are a much better fit with the practice of NPD. These theories 
embrace objects, knowing-in-action, and learning-by-doing. Not surprisingly, as the 
theories are rooted in a paradigm that starts from practice, rather than from theory. 

 12.4 Recommendations
In this section the recommendations of the inquiry will be discussed. A distinction will 
be made between recommendations for (managing) NPD practice and the practice of 
designers.
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 12.4.1 Recommendations for NPD practice
Several fundamental insights which have been discussed lead to four principles for 
enhancing multi-disciplinary collaboration in NPD. The insights of the inquiry cover 
both co-located NPD teams and distributed teams: no explicit distinction is made in the 
recommendations. 

Facilitate a common world: joint practice
Alignment and coordination of activities in NPD teams must be attributed to joint 
practice, providing common world anchors for team members to interrelate their activities 
to those of others. Thus, facilitating the construction of joint practice is pivotal in NPD. 
•	 Establish a dynamical joint representational space 

In order to see and experience activities or artifacts of others, (preferably dynamical) 
representations are required that are comprehensible across disciplinary practices and 
can preferably be interacted with. For example, software code is entirely meaningless 
for others, apart from other software developers. The code needs to be represented in 
such a way that other team members can interpret it, reflect on it and extrapolate the 
consequences.

•	 Developing and sharing tangible boundary objects 
Although more objects are found that enhance team cognition, none of these has the 
capacity to learn about relations and to transform knowledge as much as tangible 
objects. In the situation of distributed teams, often sub-teams are deprived of these 
rich prototypes, and thus hardly learn about their relations with others. Providing 
access to tangible objects will enhance that sub-teams will become more heedful, e.g., 
by inviting sub-teams to assemble and test their own contribution inside the integrated 
prototypes.

•	 Develop a common vocabulary  
Specific words are both an artifact of team activities and structure subsequent 
activities. Team members can also actively develop this common language. Also, the 
observations suggest that expressive words, rather than neutral ones, enable to align 
and coordinate activities. Consider ‘the shark jaw’, which deploys a strong analogy to 
frame a problem at hand.

•	 Talk ‘visuals’ 
Language is an impoverished means to explain something new or a problem at 
hand. Above all when team members no longer share the same language, deploy 
different vocabulary, and do not share the same objects. It is found that visuals and 
representations are a building block for teams. 

•	 Organize boundary events 
It is observed that particular meetings are meaningful to many involved, enhancing 
team cognition. It concerns events for which activities of many are explicitly needed, 
and where team members interact intensively. For example, consider preparing 
customer trials, or usability tests: the events forces team members to interact and to 
get out of their individual practices. These events can also be organized for distributed 
teams.

Organize for interactions
For enhancing team cognition, the focus must be on interaction and not (only) on 
communication: team members learn about their relations by means of interactions. 
Inter-actions should be interpreted quite literally, as one action results into responsive 
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activities of others that result in additional activities, and so on. It is the fitting together 
of these activities by the team members themselves that enhance learning about their 
relations. Several recommendations are distilled:
•	 Co-locate team members  

Face-to-face contacts and informal awareness of the activities of others are a 
particularly strong factor to enhance team cognition, requiring co-locating team 
members. However, it has only effect if others can see and observe the activities of 
others. Of course, co-locating is difficult for distributed teams. At Océ Design, for that 
reason several times designers work for a period of months at other R&D sites.

•	 Act to learn 
Even when team members are aware that relations among the divers disciplines are 
poorly understood, it is an error to attempt to sort things out before development 
activities commence. Knowing is in the activities, not beforehand. Only by means 
of e.g., making proposals, or doing experiments on which can be reflected across 
practices, relations can be sufficiently understood among team members. 

•	 Do multi-disciplinary proposals 
For solving multi-disciplinary problems, solutions need to be developed multi-
disciplinary. Even seemingly unintelligent ‘half-baked’ multi-disciplinary solutions 
provide material for discussion and reflections within and across practices. The strategy 
to first disaggregate problems, and then delegate these to specialists, defies learning 
from interactions.

•	 Do small iterative steps 
Small iterative steps which enable collective reflections ramp up the learning processes 
and prevent that new problems are enacted. Problems and solutions are discussed 
across practices, resulting that tacit relations among specialists are articulated. 

•	 Trust 
Only if team members can share ideas, proposals and problems freely, or constructively 
criticize what others are doing, it is possible to learn what the interrelations are among 
team members. If team members for some reason do not share what they are doing or 
what they consider a problem, the core element of team cognition is violated. 

Manage surprises by means of sensemaking processes
Surprises occur in all stages of product development and the subsequent sensemaking 
processes lead to innovation and team learning. Hence, rather than considering surprises 
and the subsequent sensemaking a burden for progress, sensemaking must be considered 
as a source of innovation. However, for effective sensemaking, it needs to be managed as 
such. 
•	 Organize face-to-face meetings and dialogue  

Face-to-face meetings, providing multi-faceted cues, are a necessity for to understand 
problem and resolve ambiguity as a result of multi-disciplinary collaboration. 
The meetings should enhance dialogue, rather than debate; and should resemble 
workshops, rather than meetings with well established agenda’s.

•	 Deploy objects and representations depicting the collective efforts  
For sensemaking, team members need to see and experience what they collectively 
create: accurate objects and representations. Every detail may provide the cue that 
results into a plausible explanation. Hence, teams need to deploy tangible prototypes; 
observe usability tests collectively; talk to clients who complain, and so on. Any 
abstraction or filtering is detrimental to the sensemaking process. Objects that can be 
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interacted with are powerful means, because bodily experiences provide cues that never 
consciously would be considered otherwise. 

•	 (Self-) organize expertise across disciplinary practices 
For sensemaking, the relations among activities need to be re-established. Knowledge 
of one specialist needs to be articulated, assessed and combined with knowledge of 
others for its consequences. It can only be done by those involved: sensemaking cannot 
be delegated. Sensemaking requires self-organizing experts and often does not fit 
formal organizational structures.

•	 Create compelling representations for non-involved 
For large and/or distributed teams, sensemaking processes does not end when few 
team members have constructed a plausible story: they then have developed a story 
that is meaningful to them, but not to others. Thus, they need to develop expressive 
representations that tell the story and are sufficient explanatory, clarifying and 
compelling in order that others commit to it as well. 

Express the ‘intended’ system
The envisioned ‘intended’ system needs to be expressed for the alignment and 
coordination of activities in NPD. It is a topic that is not discussed in NPD literature and 
it opposes the widespread image of a rational process guided by ‘factual’ requirements, 
precise problem definitions, and quantified specifications. It frames NPD in a more 
mundane and human perspective: the way how the ‘intended’ system is expressed shapes what 
topics are addressed in a team. Thus, team members (and management) should consider 
how something needs to be expressed persuasively, rather than assuming that problems 
and solutions are self-evident or can be described ‘objectively’:
•	 Bridge isolated practices 

It is observed that in NPD some practices hardly have overlaps, such as hard- and 
software, or (strongly) distributed teams. Also marketing and R&D hardly have a 
joint practice. The practices can be bridged by means of expressing the ‘intended’ 
system. For example, marketers can understand what a technical choice implies for the 
eventual product and reflect what it means for the proposition; and vice versa.

•	 Be aware of the means to express the ‘intended’ system  
Team members need to be aware that the chosen medium frames how a problem 
will be interpreted. The means used to express the ‘intended’ system is not neutral, 
regardless whether it are textual requirements; concise standards; tangible models; or 
business cases. A range of means seems necessary to express the ‘intended’ system, each 
for its own specific situation.

•	 Representations of the ‘intended’ system and problem setting co-evolve  
Lists of requirements show a excess of issues that matter, however provide no clues 
what matters and why. A problem description and requirements only acquire meaning, 
if a frame is provided which shows how to interpret them. Stories and visualizations 
referring to the ‘intended’ system can provide such frames. The other way round, 
discussions on requirements develop the envisioned ‘intended’ system. Therefore 
representations of the ‘intended’ system need to be developed concurrently with 
requirements. 

•	 Occasions for expressing the ‘intended’ system  
Expressing the ‘intended’ system is not an activity for the infancy of an NPD project 
only. On many more occasions the explicit development of expressive representations 
is needed, namely when a significant change in team composition can be observed. 
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This occurs when responsibilities and activities are migrated to another functional 
group inside the organization, such as from R&D to production; or when activities 
are outsourced. All new team members need to envision the larger system, requiring 
compelling representations.

 12.4.2 Recommendations for designers: mastering the art of mirroring
As discussed in chapter 12.2, one of the main insights of the inquiry is that the practice 
of designers spans boundaries inside NPD teams, because designers mirror what teams 
are doing. The artifacts of their work are compelling representations of the ‘intended’ 
system as a result of the ‘designerly’ interpretations of the activities of others. Other team 
members can infer what their activities result into and adapt these, if required. As a result, 
the designers dynamically adapt their designs. The dynamical and ongoing redrafting of 
the representations of the ‘intended’ system provides the mirror that team members need 
to align and coordinate their activities. It is a topic not discussed before in literature. 
What does it imply for designers?

On one hand, I do not think that there is a need to significantly change what designers 
do. Designers moderate team cognition, by means of their everyday practice. Their 
typical outside-in and user-oriented framing; their expressive artifacts: these all constitute 
team cognition. It quite organically emerges and becomes part of the joint practice. On 
the other hand, designers who become aware of this capability can knowingly facilitate 
team cognition. A capability that enables them to bridge isolated practices and might 
be particularly valuable for distributed teams. Mirroring is an art that can be mastered. 
Three principles explicitly aimed at facilitating team cognition are distilled and lead to few 
practical recommendations.

Interact
The core mechanism of team cognition is that individuals interrelate their activities to 
those of others, as a result of interactions. Consequently, they can envision the system 
they are part of. This is not different for designers:
•	 Interact with other team members and objects 

Designers need to see and experience what others are doing, by interacting with them 
directly: discuss, negotiate, work together, sketch. And they need to see and experience 
the artifacts of what others did. E.g., product designers need to see the CAD files 
of engineers; feel the robustness of parts others engineered; or play around with the 
prototypes. Rather than sitting apart from the practice of a team, designers need to 
engage into the practice of the team. Separating designers from the teams is contra-
productive (see also Junginger 2008b).

•	 Work transparently 
Others need to see and experience what designers are doing: designers need to work 
‘transparently’. If others can see e.g., preliminary sketches of designers, they reflect 
on the consequences, and also learn to ‘see’ their own activities outside-in and user 
centered. The other way round, others can respond to these early sketches, providing 
valuable input for the designer for his subsequent activities. 

•	 Iterate  
Working transparently implies that not only the ‘final’ designs need to be transparent 
to others. If designers only show the proposals they feel confident about, they assume 
that they can fully oversee the implications of their choices for others, an assumption 
that is seriously detrimental to team cognition. Designers need to show and discuss 
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work-in-progress. Even if the proposals are preliminary, and are still prone to be 
adapted considerably. It facilitates an open dialogue that enables to mirror well what 
teams do. 

Express the ‘intended system’
Representations of the ‘intended’ system provide anchors for the team members to 
interrelate their activities to those of others. Although the artifacts of the design process 
are not the only means that refer to the ‘intended’ system, it are expressive objects, 
enhancing that team members commit. 
•	 Express the ‘intended’ system  

Designers can deliberately develop means that represent the ‘intended’ system, 
such as visualizations; product stories; quickly produced 1:1 tangible models; and 
demonstrators of user interfaces. These representations operate in the realm of human 
experience, which can be understood by all, including hard- and software engineers; 
marketing; planning. These representations and the subsequent discussions gears up 
team activities considerably. Also it enables to bridge to clients and users already in the 
infancy of NPD project, in order to see if the functionality will satisfy them. It reduces 
the chance that a product is developed nobody is waiting for (den Ouden et al. 2006; 
Kuijk 2010). 

•	 Be sensitive to the cognitive processes a team is in 
The aim of sensemaking or reflection-in-action processes varies considerably. This 
implies that also the aim of using the representations also varies. For sensemaking the 
representation need to incite dialogue: team members who openly share what is on 
their mind by means of the representations. For reflection-in-action the representations 
need to frame all subsequent activities, and must be compelling. 

•	 Be aware of the right fidelity 
The fidelity of visualizations, i.e., the chosen depiction of reality, shapes the topics 
team members attend to. Thus, the fidelity of sketches, renders or models is not 
neutral and designers need to be aware of the goals they have and the situational 
context when choosing the fidelity of their visualizations. Table 12.1 provides practical 
recomemndations.

Incite/provoke dialogue
Designers can facilitate team cognition intentionally. It requires not only that designers 
are aware of team cognitive processes, but also deliberately do interventions to facilitate 
team cognition, such as doing provocative design proposals. 
•	 Bridging ‘what should be’ and ‘what can be’ 

Designers (can) span the often troublesome interface of marketing and R&D, between 
‘what should be’ and ‘what can be’. By showing ‘what might be’, designers provide 
a platform for a dialogue, reconciling contradictory aims. However, for designers 
intervening in team cognitive processes, I recommend not to stick too closely to a pre-
established design brief: this is made on the base of what is known and not on the base 
of what is possible. Also, there is no need to negotiate in depth the design brief itself, 
or the requirements involved in order to enlarge solution space. Showing alternatives 
that enable to discuss and (re-) negotiate transcend opposing views. 

•	 Incite/provoke dialogue on the ‘intended’ system 
Many products become more and more complex: consider e.g., product - service 
combinations. In those situations designers need to provoke a dialogue on what the 
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‘intended’ system is, rather than merely designing parts of the system as asked for. 
Designers have the imaginative skills to imagine and express what the ‘intended’ 
system possibly might be, including all components. 

 12.5 Future research
Only rarely NPD in-the-wild has been studied from ‘within’ by means of participating 
researchers (Bucchiarelli 1994; Carlile 2002) and designers amidst multi-disciplinary 
teams have never been studied from ‘within’. The many insights of this inquiry, grounded 
deeply within the practice of NPD and the practice of designers, provide ample food-
for-thought for a research agenda. For other researchers, I recommend three possible 
directions to explore. 

Team cognition
Much effort is spent in developing a framework and a vocabulary for team cognition 
in NPD. Partly as a result of my discontent with the existing models for studying team 
cognition in NPD, and partly because I believe that understanding team cognition 
provides the key to understand multi-disciplinary teams. However, it is a rudimentary 
framework provoking many questions, such as concerning the constituents of joint 
practice. What are meaningful boundary events for NPD teams and why? How can a 
common vocabulary be developed, or what is an appropriate common vocabulary? What 
are other constituents of joint practice I overlooked? According to me, these questions 
require additional qualitative studies, for example participating and/or close observations 
in the practice of other NPD organizations. 

At the same time, I believe some topics have been addressed sufficiently to start 
quantitative studies that enable to gather refined insights. These kind of questions could 
be addressed with surveys including many organizations. Consider topics as: what objects 
and representations are deployed inside NPD teams, in what situations, by whom and 
why? Or, more provocatively: is there a relation between the number of developers 
required for a product, and the objects and representations deployed? On the base of the 
findings, it can be argued that teams that deploy much objects and representations require 
less alignment and coordination activities, and consequently are more effective. 

The right fidelity of representations 
Representations showed to be pivotal for team cognition. For the ‘as-is’ system many 
means are available, however for the ‘intended’ system less means are observed. It raises 
questions, such as: what are expressive means for the ‘intended’ system and why? What 
is the right fidelity in relation to the product under development? How do we interpret 
representations? What representations are interpreted relatively the same, regardless 
of educational background? Tangible objects can be considered a specific type of 
representations. Because we interact with these objects, thinking processes are incited. 
Thus objects, representations, post-it notes, maps, and sketches fundamentally shapes 
the cognitive processes of people. Tangible objects puts cognition back into the human 
body, including considering how we sense our environments. It puts forward an agenda 
to study the relation of humans and the handling of representations and tangible objects. 
These questions require fundamental research, outside the context of organizations, in 
laboratory settings. As it concerns expression, I believe it fits design research better than 
cognitive sciences. 
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Sensemaking in NPD
A rather different research direction is to explore theories on sensemaking for their 
consequences on NPD. These sensemaking theories oppose many popular and pre-
eminently rationalistic viewpoints on NPD and question the premises that underlie 
most NPD processes. Above all the extensive contribution of Weick to organizational 
sciences provides powerful notions that seem fruitful to be discussed and studied in 
relation to NPD. Also, in the domain of design literature some scholars (e.g., Kolko 2010; 
Kimbell 2009) have recently discovered the few insightful contributions of Weick on 
design (Weick 2004 a/b). His writings infused my thoughts considerably and the inquiry 
sufficiently illustrated that sensemaking is a powerful concept to understand, study and 
enhance NPD. 

An interesting starting point could be to study how and why organizations come 
to project proposals and what factors constitute that process. Stated differently, what 
happens inside the black box of interacting ‘teams’ before a project proposal is accorded? 
This requires qualitative research, as participating researchers, close ethnographic studies 
or other rich methods. 
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 12.6 Concluding: opening up the black box of NPD
In the beginning of this chapter, it is argued that one can study NPD teams as a black 
box. With minimal assumptions of the ‘inner world’ of the black box, many phenomena 
can be studied and modeled. NPD is often considered a means to an end: developing 
the required product according to requirements. One of the minimal assumptions of 
the resulting plan-driven methods is a rationalistic perspective on cognition: thinking 
precedes activities. Consequently, the core mechanism for alignment and coordination of 
activities is verbal and textual communication. It becomes manifests, for example in the 
emphasis on requirements and project briefs to define the ‘intended’ system. Point is that 
these methods turned out to be practical as long as teams are a co-located unit. However, 
in modern NPD, where teams are distributed, more and more anomalies show up. It 
requires to open up the black box of NPD teams. Opening up the black box is unusual: 
Blumer (1969) argued that theorists fail to see the level of interacting individuals and 
the gap still persists (Bechky 2011: p.1157). Opening up the black box is precisely what 
this inquiry was about, providing a deep insight in interacting team members in multi-
disciplinary NPD teams. And even though that is messy and hard to describe, it provides 
explanations for things that cannot be explained by means of existing theories. It adds 
new theory to the fields of knowledge of NPD and of design. Thereby the framework does 
not replace existing and well established methods that prevail in the NPD practice, such 
as stage gates. 

The framework re-conceptualizes alignment and coordination of activities in NPD 
teams, naming it team cognition. The core mechanism is individuals who interrelate 
their activities to those of others as a result of their interactions. The framework provides 
a practical alternative for metaphysical constructs as ‘shared mental models’ to explain 
alignment and coordination: joint practice. It puts common objects, words, events and 
roles upfront, providing easily observable anchors for team members to orient themselves 
to. It considers surprises as sources for innovation and team learning, rather than 
aberrations jeopardizing the planning. It explains what the role is of designers for NPD 
teams, namely expressing the ‘intended’ system in ways that are compelling. Above all, 
the pragmatist perspective provides practical applicability for NPD in-the-wild, including 
simple principles to be applied in the everyday practice of NPD.



310

Literature

Adams F & Aizawa K (2001), The bounds of cognition. Philosophical psychology, 14 (1) pp.43-63.
Ahmed PK (1998), Culture and Climate of Innovation. European Journal of Innovation Management,  

1 (1) pp.30-43.
Aldrich H & Herker D (1977), Boundary Spanning Roles and Organization Structure. Academy of 

Management Review (2) pp.217-230.
Allen TJ (1984), Managing the Flow of Technology: Technology Transfer and the Dissemination of Technological 

Information Within the R&D Organization. MIT Press (USA).
Allen BJ (2005), Social Constructionism. In May S & Mumby DK (Eds.), Engaging organizational 

communication theory and research (pp.35-54), Sage (USA).
Andreasen MM & Wallace K (2011), key note speech at the International Conference on Engineering Design 

2011 (ICED), Copenhagen.
Argote L & Miron-Spektor E (2011), Organizational Learning: From Experience to Knowledge. Organization 

Science, 22 (5) pg.1123-1137.
Asch SE (1956), Studies of independence and conformity: A minority of one against a unanimous majority. 

Psychological Monographs, 70 (9).
Badke-Schaub P, Neumann A, Lauche K & Mohammed S (2007), Mental models in design teams: a valid 

approach to performance in design collaboration? Co-Design, 3 (1) pp.5-20.
Baird F, Moore CJ & Jagodzinski AP (2000), An ethnographic study of engineering design teams at  

Rolls-Royce Aerospace. Design Studies, 21 (4) pp.333-355.
Baranauskas MCC & Bonacon R (2008), Design – indicating through signs. Design Issues, 24 (3), pp.30-45.
Bechky BA (2003), Transformations of understanding on a production floor. Organization Science,  

14 (3), pg.312-330.
Bechky BA (2006), Gaffers, gofers, and grips: Role-based coordination in temporary organizations. 

Organization Science, 17(1) pp.3-21.
Bechky BA (2011), Making Organizational Theory Work: Institutions, Occupations, and Negotiated Orders. 

Organization Science, 22(5) pp.1157-1167.
Bellotti V & Bly S (1996), Walking away from the desktop computer: distributed collaboration and mobility 

in a product design team. Proceedings of the 1996 ACM Conference (USA).
Benner MJ & Tushman ML (2003), Exploitation, Exploration, and Process Management: The Productivity 

Dilemma Revisited. The Academy of Management Review, 28 (2) pp.238-256.
Bergema K, Kleinsmann M, Valkenburg R & Bont C de (2011), Exploring collaboration in a networked 

innovation project in industry. Proceedings of the 18th International Conference on Engineering 

Design, vol. 3 pg.133-142, Copenhagen.
Berger PL & Luckmann T (2002), The social construction of reality. In Calhoun CS (Eds.), Contemporary 

sociological theory (pp.42-50), Blackwell Publishing (USA).
Best K (2006), Design management: Managing design strategy, process and implementation. AVA (CA)
Blomquist, A & Arvola, M. (2002), Personas in action: Ethnography in an interaction design team. 

Proceedings  NordiCHI 2002,pp.197-200.
Blumer H (1969), Symbolic Interactionism: Perspective and Method. University of California Press (USA).
Bødker S (1998), Understanding representation in design. Human-Computer Interaction, 13 (2) pp.107-125.
Bødker S (2000), Scenarios in user-centred design - setting the stage for reflection and action. Interacting with 

Computers, 13 (1) pp.61-75.

Chapter

13



311

Boland RJ Jr., Collopy F, Lyytinen K & Younjin Y (2008), Managing as Designing: Lessons for Organization 
Leaders from the Design Practice of Frank O Gehry. Design issues, 24 (1), pp.10-25.

Boland RJ Jr. & Collopy F(2004), Design matters for management. In Boland & Collopy (Eds.), Managing  

as Designing (pp.3-18), Stanford Business books (USA). 
Borja de Mozota B (2003), Design management, Using design to build brand value. Allworth Press (USA).
Bossche P van den, Gijselaers WH, Segers M & Kirschner PA (2006), Social and Cognitive Factors Driving 

Teamwork in Collaborative Learning Environments: Team Learning Beliefs and Behaviors.  
Small Group Research. 37 (5) pp.490-521.

Bourdieu P (1977), Outline of a Theory of Practice. Cambridge University Press (UK).
Bousbaci R (2008), “Models of Man” in Design Thinking, the “Bounded Rationality” Episode. Design Issues, 

24 (4), 38 – 52.
Bouwmeester K den & Stompff G (2006), Bridging the gap between literature and practice: usability testing. 

Proceedings IEA 2006, Maastricht.
Breslin M & Buchanan R (2008), On the Case Study Method of Research and Teaching in Design. Design 

Issues, 24 (1) pp.36-40.
Brouns D (2011), First time right? Design to understand. Key note at International Product Development 

Management Conference 2011: Innovate through Design. Delft, The Netherlands. 
Brown JS & Duguid P (1991), Organizational learning and communities-of-practice. Toward a unified view 

of working, learning and innovation. Organization Science, 2 (1) pp.40-57.
Brown JS & Duguid P (2001), Knowledge and Organization: A Social-Practice Perspective. Organization 

Science, 12 (2) pp.198-213.
Brown T (2008), Design Thinking. Harvard Business Review, June 2008, pp.84-95. 
Brown T(2009), Change by design: how design thinking transforms organizations and inspires innovations. 

HarperCollins Publishers (USA).
Brusoni S, Prencipe A & Pavitt K (2001), Knowledge Specialization, Organizational Coupling, and the 

Boundaries of the Firm: Why Do Firms Know More Than They Make? Administrative Science 

Quarterly, 46 (4) pp.597-621.
Bucciarelli LL (1994), Designing Engineers. Inside Technology series, MIT Press (USA).
Bucciarelli LL (2002), Between thought and object in engineering design. Design Studies, 23 (3) pp.219-231.
Buchanan R (1995a), Wicked problems in design thinking. In Buchanan R & Margolin V, The idea of design 

(pp.3-20), MIT Press (USA).
Buchanan R (1995b), Rhetoric, humanism, and design. In Buchanan R & Margolin V, Discovering design: 

Explorations in design studies (pp.23-66), University of Chicago Press (USA).
Buchanan R (2001), Human Dignity and Human Rights: Thoughts on the Principles of Human-Centered 

Design, Design Issues, 17 (3) pp.37-39.
Buchanan & Margolin V (Eds.) (1995), Discovering design: Explorations in design studies. University of 

Chicago Press (USA).
Bushe GR & Chu A (2011), Fluid Teams: Solutions to the Problems of Unstable Team Membership. 

Organizational Dynamics, 40 (3) pp.181-188.
Buijs J & Valkenburg R (2000), Integrale productontwikkeling. Boom Lemma Uitgevers (NL).
Buijs J (2003), Modeling Product Innovation Processes, from Linear Logic to Circular Chaos. Creativity and 

Innovation Management, 12 (2) pp.76-93.
Buijs J (2007), Innovation Leaders Should be Controlled Schizophrenics. Creativity and Innovation 

Management, 16 (2) pp.203-210.
Buijs J (2008), Projecta’s, Demonstratieprojecten als bewijs van ontwerpkwaliteit. In Lee L & Lombaerde P 

(Eds.), Bringing the world into culture. On comparative methodologies in architecture, design, art, and 

science. Liber Amicorum offered to professor Richard Foqué. UPA publishers (BE).



312

Buijs J (2012) , Projecta’s, a way to demonstrate future technological and cultural options. In de Weerd-
Nederhof, P., K. Visscher & J. Visser-Groeneveld (eds.), Innovation, Social responsibility, Creativity, 

Ethics and Olaf Fisscher. Wiley, pp.139-153.
Cagan J & Vogel CM (2002), Creating Breakthrough Products. Prentice Hall (USA)
Cannon-Bowers JA, Salas E & Converse S (1993), Shared mental models in expert team decision making.  

In Castellan J (Eds.), Current issues in individual and group decision making (pp.221-246), 
Erlbaum (USA).

Cannon-Bowers JA & Salas E (2001), Reflections on shared cognition. Journal of Organizational Behavior,  
22 (2) pp.195-202.

Candi M, Gemser G & Van den Ende J (2010), Effectiviteit van Design onderzoeksrapport. BNO (NL).
Carlile PR (1997), Transforming knowledge in product development: Making knowledge manifest through 

boundary objects. Unpublished dissertation. University of Michigan.
Carlile PR (2002), A Pragmatic View of Knowledge and Boundaries: Boundary Objects in New Product 

Development. Organization Science, 13 (4) 442-455. 
Carlile PR (2004), Transferring, Translating, and Transforming: An Integrative Framework for Managing. 

Knowledge across Boundaries, Organization Science, 15 (5), 555-568.
Carlile PR & Rebentisch ES (2003), Into the Black Box: The Knowledge Transformation Cycle. Management 

Science, 49 (9) 1180-1195. 
Carvalho L, Dong A , Maton K (2009), Legitimating design: a sociology of knowledge account of the field. 

Design Studies, 30 (5) pp.483-502.
Chesbrough HW (2003a), Open Innovation: The new imperative for creating and profiting from technology. 

Harvard Business School Press (USA).
Chesbrough HW (2003b), The era of open innovation. MIT Sloan Management Review, 44 (3), 35-41.
Chesbrough HW & Schwartz K (2007), Innovating business models with co-development partnerships. 

Research-Technology Management, 50 (1) pp.55-59.
Clark K & Fujimoto T (1991), Product Development Performance: Strategy, Organization and Management in 

the World Auto Industries. Harvard Business School Press (USA).
Clifford J & Marcus GE (Eds.) (1986), Writing Culture: The Poetics and Politics of Ethnography. University of 

California Press (USA). 
Conklin EJ (2005), Dialogue Mapping: Building Shared Understanding of Wicked Problems. John Wiley & 

Sons, (USA).
Cook SDN & Brown JS (1999), Bridging epistemologies: The generative dance between organizational 

knowledge and organizational knowing. Organizational Science, 10(4) pp.381-400.
Cooke NJ, Salas E, Cannon-Bowers JA & Stout R (2000), Measuring team knowledge. Human Factors,  

42 pp.151-173.
Cooke NJ, Kiekel AP, Salas E, Stout R, Bowers C & Cannon Bowers JA (2003), Measuring Team Knowledge: 

A Window to the Cognitive Underpinnings of Team Performance. Group Dynamics: Theory, 

Research, and Practice, 7 (3) 179-199.
Cooke NJ, Salas, E, Kiekel FA & Bell B (2004), Advances in measuring team cognition. In Salas E & Fiore 

SM (Eds.), Team cognition: Understanding the factors that drive process and performance  
(pp.83- 106), American Psychological Association (USA).

Cooke NJ, Gorman, JC & Winner JL, (2008), Team cognition. In Durso F, Nickerson R, Dumais S, 
Lewandowsky S & Perfect T, Handbook of Applied Cognition, 2nd ed., Wiley (USA).

Cooke NJ, Gorman JC & Rowe LJ (2009). An Ecological Perspective on Team Cognition. In Salas E, 
Goodwin J & Burke CS (Eds.), Team Effectiveness in Complex Organizations: Cross-disciplinary 

Perspectives and Approaches (pp.157-182). Erlbaum (USA). 
Cooper A (1990), Stage-gate systems: A new tool for managing new products. Business Horizons, . 33 (3) 

pp.44-54



313

Cooper R, Junginger S & Lockwood T (2009), Design Thinking and Design Management: A Research and 
Practice Perspective. DMI review, 20(2), pp.46-55.

Corbin JM, Strauss A (1990), Grounded theory research: Procedures, canons, and evaluative criteria. 
Qualitative Sociology, 13 (1) pp.3-21

Corman SR (2005), Post Positivism. In May S & Mumby DK (Eds.), Engaging organizational communication, 

theory and research (pp.15 -34), Sage (USA).
Coyne R (2005), Wicked problems revisited. Design Studies, 26 (1) pp.5-17.
Creusen MEH & Schoormans JPL (2005), The Different Roles of Product Appearance in Consumer Choice. 

Journal of Product Innovation Management, 22 (1) pp.63-81.
Crilly N (2010), The Structure of Design Revolutions: Kuhnian Paradigm Shifts in Creative Problem Solving. 

Design issues, 21 (1) pp.54-66.
Cross N (1995), Discovering Design Ability. In Buchanan R & Margolin V (Eds.), Discovering design: 

Explorations in design studies (pp.105-120), University of Chicago Press (USA).
Cross N (2001), Designerly Ways of Knowing: Design Discipline versus Design Science. Design Issues,  

17 (3) pp.49-55.
Cross N (2007), Designerly ways of knowing. Birckhauser Verlag AG, Basel (Swiss).
Cross RL & Parker A (2004), The hidden power of social networks : understanding how work really gets done in 

organizations. Harvard Business School Press (USA).
Cuncliff A & Shotter J (2006), Linguistic artifacts in organizing and managing. In Rafaeli A & Pratt MG 

(Eds.), Artifacts and organizations, beyond mere symbolism (pp.119-140), Lawrence Erlbaum 
Associated (USA)

Czarnitzki D & Thorwarth S (2009), The design paradox: The contribution of in-house and external design 
activities on product market performance. ZEW Discussion Paper No. 09-068.

Czarniawska-Joerges B & Joerges B (1991), Linguistic artifacts at service of organizational control. In 
Gagliardi P (Eds.), Symbols and Artifacts, views of the corporate landscape (pp.339-364), Walter de 
Gruyter (GER)

Daft RL & Weick KE (1984), Toward a Model of Organizations as Interpretation Systems. The Academy of 

Management Review, 9 (2), pp.284-295. 
Debije-Meessen AEJ & Jansen JAH (2006), The balance between Aesthetics, Usability and Corporate 

Identity: Graphic User Interface design within a commercial company, Proceedings 10th 

International Conference on Information Visualization (IV’06), pp.357-361. 
Deetz S (2005), Critical Theory. In May S. & Mumby DK (Eds.), Engaging organizational communication, 

theory and research (pp.85-111). Sage (USA).
Desmet PMA (2002), Designing emotions. PhD thesis Delft University of Technology. 
Desmet PMA & Hekkert P (2007). Framework of product experience. International Journal of Design,  

1 (1), 57-66.
Dewey J (1916/1980), The Middle Works of John Dewey, Volume 9, 1899 - 1924. Democracy and Education. 

Southern Illinois University Press (USA).
Dewey J (1934), Art as experience. Penguin Group (USA).
Dewey J (1938/1986), The Later Works of John Dewey, Volume 12, 1925 - 1953: 1938, Logic: The Theory of 

Inquiry. Southern Illinois University Press (USA).
Dong A (2005), The latent semantic approach to studying design team communication. Design Studies,  

26 (5), pp.445-461. 
Dong A (2007), The enactment of design through language. Design Studies, 28 (1) pg.5-21.
Dong A (2009), The Language of Design: Theory and Computation. Springer-Verlag (UK).
Dong A, Kleinsmann M & Valkenburg R (2008), Affect-in-cognition through the language of appraisals. 

Design Studies, 30 (2) pp.138-153.
Dorst K (1997), Describing design, a comparison of paradigms. PhD thesis Delft University of Technology.



314

Dorst K & Cross N (2001), Creativity in the design process: co-evolution of problem-solution. Design Studies, 
22 (5) pp.425-437.

Dorst K (2006a), Understanding Design (2nd ed.). BIS publishers (NL).
Dorst K (2006b), Design Problems and Design Paradoxes. Design Issues, 22 (3) pp.4-17.
Dougherty D (1992), Interpretive Barriers to Successful Product Innovation in Large Firms. Organization 

Science, 3 (2) pp.179-202. 
Drost W (2010), Master thesis Faculty of IDE, TU Delft.
Duguid P (2005), “The Art of Knowing”: Social and Tacit Dimensions of Knowledge and the Limits of the 

Community of Practice. The Information Society, 21 (2) pg.109-118.
Eckstein J (2010), Agile Software Development with Distributed Teams. Dorset House (USA).
Edmondson AC (2003), Managing the Risk of Learning: Psychological Safety in Work Teams. In West 

MA, Tjosvold D & Smith KG (Eds.), International Handbook of Organizational Teamwork and 

Cooperative Working (pp.255-276 ), John Wiley & Sons (UK).
Edmondson AC & Nembhard IM (2009), Product Development and Learning in Project Teams: The 

Challenges Are the Benefits. Journal of Product Innovation Management, 26 (2) pp.123-138.
Endsley MR (1995), Measurement of situation awareness in dynamic systems. Human Factors, 37 (1) 65-84.
Eppinger SD & Chitkara AR (2006), The new practice of global product development. Sloan Management 

Review, 47 (4) pg.22-30.
Erden Z, Von Krogh G & Nonaka I (2008), The quality of group tacit knowledge. The Journal of Strategic 

Information Systems, 17 (1) pp.4-18.
Espinosa JA, Lerch J & Kraut RE (2004), Explicit versus implicit coordination mechanisms and task 

dependencies: one size does not fit all. In Salas E & Fiore SM (Eds.), Team cognition. 

Understanding the factors that drive process and performance (pp.107-129), American Psychological 
Association (USA).

Espinosa JA & Pickering C (2006), The effect of time separation on coordination processes and outcomes:  
A case study. Proceedings 39th HICSS’06 pp.25–35.

Espinosa JA, Slaughter SA, Kraut RE & JD Herbsleb (2007), Familiarity, complexity, and team performance 
in geographically distributed software development. Organizational Science, 18 (4) pp.613–630.

Fairhurst GT & Putnam L (2004), Organizations as Discursive Constructions. Communication Theory,  
14 (1) pp.5–26.

Feldman MS & Orlikowski WJ (2011), Theorizing Practice and Practicing Theory. Organization Science,  
22 (5) pg.1240-1253.

Fiol CM (1995), Thought worlds colliding: The role of contradiction in corporate innovation processes. 
Entrepreneurship Theory and Practice, 19: pp.71–90.

Fiore SM & Salas E (2004), Why we need team cognition? In Salas E & Fiore SM (Eds.), Team cognition. 

Understanding the factors that drive process and performance (pp.235–248), American Psychological 
Association (USA).

Fleming D (1998), Design talk: constructing the object in Studio Conversations. Design Issues,  
14 (2) pp.4-62.

Forster EM (1927), Aspects of the novel. Harcourt (UK).
Fujimoto T (1991), Product Integrity and the Role of “Designer-as-Integrator”. Design Management Journal, 

2 (2), pp.29-34.
Geraedts J.M. (2010), Intreerede: Mechatronica, vrijheid in design. 29 januari  2010. Faculty of Industrial 

Design Engineering, TU Delft.
Gehry F (2004), Reflecting upon designing and architectural practice. In Boland JR & Collopy F (Eds.), 

Managing as Designing (pp.19- 35), Stanford Business books (USA).
Gemser G & Leenders MAAM (2001), How integrating industrial design in the product development process 

impacts on company performance. Journal of Product Innovation Management, 18 (1), pg.28-38.



315

Gibson JJ (1979), The ecological approach to visual perception. Houghton, Mifflin and Company (USA). 
Gladwell M (2005), Blink. The power of thinking without thinking. Back Bay Books (USA)
Glaser B & Strauss A (1967), Grounded Theory: The Discovery of Grounded Theory. Aldine Pub. Co (USA).
Grant RM & Baden-Fuller C (2004), A Knowledge Accessing Theory of Strategic Alliances. Journal of 

Management Studies, 41 (1) pp.61-84.
Griffin A & Hauser JR (1996), Integrating R&D and Marketing: a review and analysis of the literature. 

Journal of Product Innovation management, 13 (3) pp.191-215.
Griffin A, Price, RL Maloney, MM, Vojak BA & Sim EW (2009), Voices from the Field: How Exceptional 

Electronic Industrial Innovators Innovate. Journal of Product Innovation Management,  
26 (2) pp.222-240.

Grudin J & Pruitt J (2002), Personas, Participatory Design and Product Development: An Infrastructure for 
Engagement. Proceedings Participatory Design Conference 2002, Malmo. 

Gulliksen J, Boivie I & Goransson B (2006), Usability professionals-current practices and future 
development. Interacting with Computers, 18 (4) pp.568-600.

Gupta AK, Tesluk PE & Taylor MS (2007), Innovation At and Across Multiple Levels of Analysis. 
Organization Science, 18 (6) pp.885-897.

Gutwin C & Greenberg S (2004), The importance of awareness for team cognition in distributed 
collaboration. In Salas E & Fiore SM (Eds.), Team cognition. Understanding the factors that drive 

process and performance (pp.177-201), American Psychological Association (USA).
Hargadon A & Sutton RI (1997), Technology Brokering and Innovation in a Product Development Firm. 

Administrative Science Quarterly, 42 (4) pp.716-749.
Hargadon A & Fanelli A (2002), Action and Possibility: Reconciling Dual Perspectives of Knowledge in 

Organizations. Organization Science, 13 (3) pp.290-302.
Hargadon A & Bechky BA (2006), When collections of creatives become a creative collectives: A field study 

of problem solving at work. Organization Science, 17 (4) pp.484-500.
Heath C & Heath D (2007), Made to stick. Why some ideas survive and others die. Random House (USA).
Hertenstein JH, Platt MB and Veryzer RW (2005), The impact of industrial design effectiveness on corporate 

financial performance. Journal of Product Innovation Management, 22 (1), pp.3-21.
Hickman LA (1996), Techné and Politeia revisited: pragmatic paths to technological revolution. Electronic 

Journal of the Society for Philosophy and Technology, 1 (3/4). 
Hickman LA (2007), Pragmatism as Post-Postmodernism: Lessons from John Dewey. Fordham University Press 

(USA).
Hilderbrand DL (2008), Dewey a beginner’s guide. One world publications (USA).
Hinds PJ & Bailey DE (2004), Out of Sight, Out of Sync: Understanding Conflict in Distributed Teams. 

Organization Science, 14 (6) pp.615-632.
Hinds PJ & Mortensen M (2005), Understanding Conflict in Geographically Distributed Teams:  

The Moderating Effects of Shared Identity, Shared Context, and Spontaneous Communication. 
Organization Science, 16 (3) pp.290-307.

Hippel, E von (1994), “Sticky information” and the locus of problem solving: implications for innovation. 
Management. Science, 40 (4) pp.429-439.

Hobday M, Boddington A & Grantham A (2011), An Innovation Perspective on Design: Part 1.  
Design Issues, 27 (4) pp.5-15.

Hobday M, Boddington A & Grantham A (2012), An Innovation Perspective on Design: Part 2.  
Design Issues, 28 (1) pp.18-29.

Hohn H (2000), Playing, leadership and team development in innovative teams, a reflection on the theory 

confronted with the perspectives of experienced leaders. PhD thesis Delft University of Technology. 
Holder JJ (1995). An epistemological foundation for thinking: A Deweyan approach. In Garrison JW (Eds.), 

The new scholarship on Dewey (pp.7-24), Kluwer Academic (USA).



316

Hoopes DG & Postrel S (1999), Shared knowledge, “Glitches” and product development performance. 
Strategic Management Journal, 20 (9), pp.837-865.

Hutchins E (1995), Cognition in the wild. MIT Press (USA).
Hutchins E & Klausen T (1996), Distributed cognition in an airline cockpit. In Y Engeström and  

D Middleton (Eds.) Cognition and communication at work (pp.15-34), Cambridge University 
Press (USA). 

Jang S Yoon Y, Lee I & Kim J (2009), Design-Oriented New Product Development. Research-Technology 

Management, 52 (2) 36-46.
Janis IL (1972), Victims of groupthink: A psychological study of foreign-policy decisions and fiascos. Houghton, 

Mifflin (USA).
Jarvenpaa SL, Shaw T R & Staples DS (2004), Toward contextualized theories of trust: The role of trust in 

global virtual teams. Information Systems Research, 15 (3) 2004.
Johansson U & Svengren Holm L (2008), Patterns of interaction, A study of relations between designers, 

engineers, marketers and top management in four companies. Proceedings DMI Education 

Conference, Paris.
Johnson M & Rohrer T (2007), We are live creature: embodiment, American Pragmatism, and the Cognitive 

Organism. In Zlatev J, Ziemke T, Roz F & Dirven R (Eds.), Body, language and mind (pp.17-54), 
Walter de Gruyter (GER).

Johnson M (2010), Cognitive science and Dewey’s theory of mind, thought and language. In Cochran M 
(Eds.), The Cambridge companion to Dewey (pp.123 – 144), Cambridge University Press (UK).

Johnson-Laird PN (1980), Mental Models in Cognitive Science. Cognitive Science, 4 (1) 71-115. 
Johnson-Laird PN (1983), Mental Models. Harvard University Press (USA). 
Judd CM, Smith ER & Kidder L (1991), Research methods in social relations, 6th ed. Holt,  

Rhinehart & Winston (USA).
Junginger S (2008a), Product Development as a Vehicle for Organizational Change. Design Issues,  

24 (1) pp.26-35.
Junginger S (2008b), Re-visiting corporate identity as a form of organization design. Proceedings 24th Egos 

Colloquim: Upsetting Organizations, Amsterdam.
Kahn KB, Castellion G & Griffin A (Eds.) (2004), PDMA Handbook of New Product Development, 2nd ed.. 

John Wiley & Sons (USA).
Karapanos E & Martens JBOS (2007), Designers’ and users’ perceptions as antecedents of motivation to use. 

Proceeding CHI 2007, San Jose, USA.
Khalid HM (2006), Embracing diversity in user needs for affective design. Applied Ergonomics,  

37 (4), pp.409-418.
Khurana A & Rosenthal SR (1997), Integrating the fuzzy front end of new product development. Sloan 

Management Review, 38 (2) pp.103-120.
Kimbell L (2009), Design practices in design thinking. Paper presented at CRESC Conference, Manchester, 

UK.
Klein G, Moon B & Hoffman RF (2006a). Making sense of sensemaking I: alternative perspectives. IEEE 

Intelligent Systems, 21 (4) pp.70-73.
Klein G, Moon B & Hoffman RF (2006b). Making sense of sensemaking II: a macrocognitive model. IEEE 

Intelligent Systems, 21 (5) pp.88-92.
Kleinsmann MS (2006), Understanding collaborative design. PhD thesis Delft University of Technology.
Kleinsmann MS, Valkenburg R & Buijs J (2007), Why do(n’t) actors in collaborative design understand each 

other? An empirical study towards a better understanding of collaborative design. CoDesign, 3 (1), 
pp.59-73.

Kleinsmann M & Valkenburg RC (2008), Barriers and enablers for creating shared understanding in co-
design projects. Design Studies, 29 (4), pp.369 -386.



317

Kleinsmann M, Buijs J & Valkenburg R (2010), Understanding the complexity of knowledge integration in 
collaborative new product development teams: A case study. Journal of Engineering and Technology 

Management, 27 (1-2) pp.20-32.
Klimoski, R,& Mohammed, S (1994). Team mental model: Construct or metaphor? Journal of Management, 

20(2), 403-437.
Koen P, Ajamian G, Burkart R, Clamen A, Davidson J, D’Amore R, Elkins C, Herald K, Incorvia M, Johnson 

A, Karol R, Seibert R, Slavejkov A & Wagner K (2001), Providing Clarity and a Common 
Language to the “Fuzzy Front End. Research-Technology Management, 44 (2), pp.46-55.

Kogut B & Zander U (1992), Knowledge of the Firm, Combinative Capabilities, and the Replication of 
Technology, Organization Science, 3 (3) pp.383-397.

Kolb DA (1984), Experiential learning: experience as the source of learning and development. Prentice Hall 
(USA).

Kolko J (2010a), Sensemaking and Framing: A Theoretical Reflection on Perspective in Design Synthesis. 
Proceedings 2010 Design Research Society conference. 

Kolko J (2010b), Abductive thinking and sensemaking: the drivers of design synthesis. Design Issues,  
26 (1) pp.15-28.

Krippendorff K (1989), On the essential contexts of artifacts or on the proposition that ‘design is making 
sense of things’. Design Issues, 5 (2) pp.9-38.

Krippendorff K (2006) The Semantic Turn; a new foundation for design. Taylor and Francis (USA).
Krippendorff K (2007), Design Research, an Oxymoron? In Ralf M (ed.) Design Research Now, Essays and 

Selected Projects (pp.67-80), Birkhäuser (CH).
Krippendorff K & Butter R (2008), Meanings and the context of artifacts. In Schifferstein HNJ & Hekkert P 

(Eds.), Product Experience (pp.423-440), Elsevier (UK). 
Krishnan V & Ulrich KT (2001), Product Development Decisions: A Review of the Literature. Management 

Science, 47 (1) pp.1-21.
Kuhn TS (1969), The structure of scientific revolutions (3rd ed.). University of Chicago Press (USA).
Kuijk J van (2010), Managing Product usability. PhD thesis Delft University of Technology.
Lakoff G & Johnson M (1999), Philosophy in the flesh: The embodied mind and its challenge to Western Thought. 

Basic Books (USA).
Lakoff G & Johnson M (2002), Why cognitive linguistics requires embodied realism. Cognitive Linguistics 13 

(3) pp.245-263.
Lakoff G & Johnson M (2003), Metaphors We Live By, 2nd ed. University Of Chicago Press (USA).
Latour B (1995), Review of Hutchins Cognition in the Wild.  

www.bruno-latour.fr/poparticles/poparticle/p062.html.
Latour B (1999), Pandora’s hope. Harvard University Press (USA).
Lave J & Wenger E (1991), Situated Learning: Legitimate Peripheral Participation. Cambridge University Press 

(UK).
Lawson B, Petersen KJ, Cousins PD & Handfield R (2009), Knowledge Sharing in Interorganizational 

Product Development Teams: The Effect of Formal and Informal Socialization Mechanisms. 
Journal of Product Innovation Management, 26 (2) pp.156-172.

Lawson B & Dorst K (2009), Design Expertise. Taylor & Francis (UK).
Leonard-Barton D (1991), Inanimate integrators: a block of wood speaks. Design Management Journal,  

2 (3) pp.61 – 67.
Leonard-Barton D (1995), Wellsprings of knowledge : building and sustaining the sources of innovation. Harvard 

Business School Press (USA).
Leonard D & Sensiper S (1998), The Role of Tacit Knowledge in Group Innovation. California Management 

Review, 40 (3) pp.112–131.



318

Levin M & Greenwood D (2001), Pragmatic action research and the struggle to transform universities into 
learning organizations. In Reason P & Bradbury H (Eds.), Handbook of action research, Sage 
Publications (UK).

Levina N & Vaast E (2005), The Emergence of Boundary Spanning Competence in Practice: Implications for 
Implementation and Use of Information Systems. MIS Quarterly , 29(2), pp.335-363.

Liedtka J (2004), Design thinking, the role of hypotheses generation and testing. In Boland JR & Collopy F 
(Eds.), Managing as Designing (pp 193-197), Stanford Business books (USA). 

Lim BC & Klein, K J (2006), Team mental models and team performance: a field study of the effects of team 
mental model similarity and accuracy. Journal of Organizational Behavior, 27 (4) pp.403-418. 

Lloyd P & Busby J (2001), Softening up the facts: engineers in design meetings.  
Design issues, 17 (5) pp.67-82.

Logister LA (2005), John Dewey, een inleiding tot zijn filosofie. Uitgeverij Damon (NL).
Lugt R van der (2000), Developing a graphic tool for creative problem solving in design groups.  

Design Studies, 21 (5) pp.505-522.
Lugt R van der (2005), How sketching can affect the idea generation process in design group meetings.  

Design studies, 26 (2) pg.101-122. 
Mannix EA, Griffith T & Meade MA (2002), The phenomology of conflict in distributed work teams.  

In Hinds PJ & Kiesler S (Eds.), Distributed work (pp.213-234), MIT press (USA).
March JG (1991), Exploration and Exploitation in Organizational Learning. Organization Science,  

2 (1) pp.71-87.
Margolin V (1995), The product milieu and social action. In Buchanan R & Margolin V (Eds.), Discovering 

design: Explorations in design studies (pp.121-145), University of Chicago Press (USA).
Markham SK, Ward SJ, Aiman-Smith L & Kingon AI (2010), The Valley of Death as Context for Role 

Theory in Product Innovation, Journal of Product Innovation Management, 27 (3) pp.402-417.
Marsili O & Salter A (2006), The Dark Matter of Innovation: Design and Innovative Performance in Dutch 

Manufacturing. Technology Analysis and Strategic Management, 18 (5) pp.515-534.
Mathieu JE, Heffner TS, Goodwin GF, Salas E & Cannon-Bowers JA (2000), The influence of shared mental 

models on team process and performance. Journal of Applied Psychology, 85 (2) pp.273-83.
Maturana HR & Varela, FJ (1980), Autopoiesis and Cognition: The Realization of the Living. D. Reidel (NL).
Maurer C & Valkenburg, R (2011), Challenges in networked innovation. Proceedings of the 18th International 

Conference on Engineering Design, vol. 3 pp.365-376, Copenhagen.
Mead GH (1934), Mind, self and society, from the standpoint of a social behaviorist. University of Chicago Press 

(USA).
Melles G (2008a), New Pragmatism and the Vocabulary and Metaphors of Scholarly Design Research. Design 

Issues, 24 (4) pp.88-101.
Melles G (2008b), An enlarged pragmatist inquiry paradigm for methodological pluralism in academic design 

research. Artifact, 2 (1) pp.3-11.
Mohammed S & Dumville BC (2001), Team mental models in a team knowledge framework: expanding 

theory and measurement across disciplinary boundaries. Journal of Organizational Behavior, 22 
(2) pp.89-106.

Montoya MM, Massey AP, Hung YTC & Crisp CB (2009), Can You Hear Me Now? Communication in 
Virtual Product Development Teams. Journal of Product Innovation Management, 26 (2) pp.139-
155.

Mortensen M & Hinds PJ (2001), Conflict and shared identity in geographically distributed teams. 
International Journal of Conflict Management, 12 (3) pp.212 – 238.

Mumby DK & May S (2005), Thinking About Engagement. In May S & Mumby DK (Eds.), Engaging 
organizational communication, theory and research (pp.1-14). Sage (USA)

Neumeier M (2009), The Designful Company: How to build a culture of nonstop innovation. New Riders (USA).



319

Nightingale D & Cromby J (Eds.) (1999), Social Constructionist Psychology. Open University Press (UK).
Nonaka I (1991/2001), The Knowledge-Creating Company. Harvard Business review classics, Reprint of 1991 

article.
Nonaka I & Takeuchi H (1995), The knowledge-creating company: How Japanese companies create the dynamics 

of innovation. Oxford University Press (UK).
Nonaka I, Toyama R &Konno N (2000), Seci, Ba and leadship: a unified model of Dynamic Knowledge 

creation. Longe Range Planning, 33 (1) pp.5-34.
Nonaka I, Sasaki K & Ahmed M (2003), Continuous Innovation in Japan: The Power of Tacit Knowledge.  

In Shavinina LV (Eds.) The International Handbook on Innovation, Elsevier (USA). 
Norman D (1986), The Design of everyday things. Basic Books (USA)
Norman D (2004), Emotional Design. Basic Books (USA).
Ouden E den, Yuan L, Sonnemans PJM. & Brombacher AC (2006), Quality and Reliability Problems from a 

Consumer’s Perspective: an Increasing Problem Overlooked by Businesses? Quality and Reliability 

Engineering International, 22 (7) pp. 821-838.
O’Leary MB & Mortensen M (2010), Go (con) figure: Subgroups, Imbalance, and Isolates in GDTs. 

Organization Science, 21 (1) pp.115-131.
Orlikowski WJ (2002), Knowing in Practice: Enacting a Collective Capability in Distributed Organizing. 

Organization Science, 13 (3) pp.249-273.
Orr J (1996), Talking About Machines: An Ethnography of a Modern Job. ILP Press (USA).
Orton JD & Weick KE (1990), Loosely Coupled Systems: A Reconceptualization. The Academy of 

Management Review, 15 (2), pp.203-223.
Østerlund C & Carlile P (2005), Relations in practice: Sorting through practice theories on knowledge 

sharing in complex organizations. Information Society, 21 (2) pp.91-107.
Oudenhoven JP van (1985), De groep onder de loep, een inleiding in groepsdynamica. Wolters Noordhoff (NL). 
Peirce CS (1877), The fixation of belief. http://www.peirce.org/writings/p107.html.
Perrow C (1999), Normal Accidents: Living with High-Risk Technologies 2nd ed. Princeton University Press 

(USA).
Perks H, Cooper R & Jones C (2005), Characterizing the Role of Design in New Product Development: An 

Empirically Derived Taxonomy. Journal of Product Innovation Management, 22 (2) pp.111-127.
Pinto MB, Pinto JK& Prescott JE(1993), Antecedents and Consequences of Project Team Cross-Functional 

Cooperation. Management Science, 39 (10) pp.1281-1297.
Platt MB, J H Hertenstein & D R Brown (2001), Valuing Design: Enhancing Corporate Performance 

through Design Effectiveness. Design Management Journal, 12 (3) pp.10-19.
Polanyi M (1966),The tacit dimension. Anchor Day books (USA).
Popper KR (1959/2002), The logic of scientific discovery. Routledge Classics (USA).
Porcini M(2009), Your new design process is not enough – hire design thinkers! DMI review, 20(3), pp.6 -18.
Postrel S (1996) Islands of Shared Knowledge: Specialization and Mutual Understanding in Problem-Solving 

Teams. Organization Science, 13 (3) pp.303-320. 
Prus RC (1996), Symbolic interaction and ethnographic research: Intersubjectivity and the study of human lived 

experience. State University of New York Press (USA). 
Purcell T & Gero JS (1998), Drawings and the design process. Design Studies, 19 (4) pp.389-430
Putnam H (2001), Pragmatisme, een open vraag. Boom uitgevers (NL). 
Ravasi D & Lojacono G (2005), Managing design and designers for strategic renewal. Long Range Planning, 

38 (1) pp.51-77.
Rittel HWJ & Webber MM (1973), Dilemmas in a general theory of planning. Policy Sciences,  

4 (2) pp.155-169.
Roam D (2008), The back of the napkin. Solving Problems and Selling Ideas with Pictures. Penguin Group (UK).



320

Rochberg- Halton E & Csikszentmihalyi M (1981), The meaning of things, Domestic Symbols and the self. 
Cambridge University press (UK).

Rochlin GI, LaPorte TR & Roberts KH (1987), The self-designing high-reliability organization: Aircraft 
carrier flight operations at sea. Naval War College Review, 4 (4): pp.76-90.

Rompay TJL van (2008), Product expression, Bridging the gap between the symbolic and the concrete.  
In Schifferstein HNJ & Hekkert P (Eds.), Product Experience (pp.423-440), Elsevier (UK).

Roozenburg NFM & Eekels J (1995). Product Design: Fundamentals and Methods. John Wiley Sons (USA).
Roscam Abbing E & Van Gessel C (2008), Brand-Driven Innovation. Design Management Review,  

19 (3) pp.53 -60.
Roscam Abbing E (2010), Brand Driven Innovation. AVA Publishing (CH).
Rylander A (2009), Design Thinking as Knowledge Work: Epistemological Foundations and Practical 

Implications. Design Management Review, 5 (1) pg.7-19.
Ryle G (1949), The Concept of Mind. University of Chicago press (USA).
Salas E Bowers CA & Edens E (2001), Improving team work in organizations: applications of resource 

management training. Erlbaum (USA).
Salas E & Fiore SM (2004), Why team cognition? An overview. In Salas E & Fiore SM (Eds.), Team cognition. 

Understanding the factors that drive process and performance (pp.3-8), American Psychological 
Association (USA).

Schein EH (2004), Organizational Culture & Leadership, 3rd ed. Josey-Bass (USA).
Schifferstein HNJ & Hekkert P (Eds.) (2008). Product Experience. Elsevier (UK).
Schön DA (1983), The Reflective Practitioner. Basic Books (USA).
Schön DA (1992), Designing as reflective conversation with the materials of a design situation. Research in 

Engineering Design, 3 (3) pp.131 – 147.
Schön DA (1992), The Theory of Inquiry: Dewey’s Legacy to Education. Curriculum Inquiry, 22 (2) pp.119-

139.
Schön DA (1995), Knowing in action: The new scholarship requires a new epistemology. Change, 27(6) 

pp.27-34.
Schrage M (1995), No More Teams 2nd ed. Doubleday Currency (USA).
Sennett R (2008), The Craftsman. Penguin Books (UK).
Shedroff N (2001), Experience Design. New Riders Press (USA).
Shotter J (1993), Conversational Realities: Constructing life through language. Sage (UK).
Simon HA (1996), The Sciences of the Artificial, 3rd ed. MIT Press (USA).
Sleeswijk-Visser F (2009), Bringing the everyday life of people into design. PhD thesis Delft University of 

Technology.
Sleeswijk-Visser F, Stappers PJ, Lugt, R van der, & Sanders EBN (2005), Contextmapping: Experiences from 

practice. Co Design, 1 (2), pp.119-149.
Smulders FEHM (2006), Get synchronized! bridging the gap between design and volume production. PhD thesis 

Delft University of Technology.
Smulders FEHM, Lousberg L & Dorst K (2008), Towards different communication in collaborative design. 

International Journal of Managing Projects in Business, 1 (3) pp.352-367.
Smulder FEHM (2010), Exploration - exploitation: redirecting the discussion. Proceedings of the 17th EIASM 

conference.

Smulders FEHM & Subrahmanian E (2010), Design beyond design: Design Thinking & Design Acting. 
Proceedings DTRS8, Sydney.

Smulders FEHM & Bakker KJ (2012), Modellinh the inter-subjective level of innovation. International 

Journal of Tech. Management, forthcoming.
Soo Meng J (2009), Donald Schön, Herbert Simon and The Sciences of the Artificial. Design Studies, 30 (1) 

pp.60-68.



321

Sosa ME, Eppinger SD, Pich M, McKendrick, DG & Stout SK (2002), Factors that influence 
technical communication in distributed product development: an empirical study in the 
telecommunications industry. IEEE Transactions on Engineering Management, 49(1), pp.45-58.

Sosa ME, Eppinger S D & Rowles CM (2004), The Misalignment of Product Architecture and 
Organizational Structure in Complex Product Development. Management Science,  
50 (12), pp.1674-1689.

Stamm B von (2003), Managing innovation, design and creativity. John Wiley & Sons (UK).
Stappers PJ (2007), Doing Design as a Part of Doing Research. In Ralf M (Eds.) Design Research Now, Board 

of International Research in Design (pp.81-91), Birkhäuser (CH).
Star SL & Griesemer J (1989), Institutional ecology, translations and boundary objects: Amateurs and 

professionals in Berkley’s Museum of Vertebrate Zoology 1907-1939. Social Studies of Science,  
19 (3), pp.387-420. 

Steen MGD (2008), The fragility of human centered design. PhD thesis Delft University of Technology.
Stempfle J & Badke-Schaub P (2002), Thinking in design teams - an analysis of team communication.  

Design Studies, 23 (5) pp.473-496.
Stompff G (2003), The forgotten bond: Brand identity and product design. Design Management Journal,  

4 (1), pp.26-32.
Stompff G, Geraedts JMP & Jansen AH (2008), Being part of it – design inside NPD teams. Proceedings DMI 

Education Conference, Paris.
Stompff G (2008), Embedded brands –the soul of product development. Design Management Review, 19 (2), 

pp.38-46. 
Stompff G, Henze LAR, Jong, F de, Vliembergen E van, Stappers PJ, Smulders FEHM, Buijs JA (2011), User 

Centered Design in the wild. Proceedings of the 18th International Conference on Engineering Design 

, vol. 1, pp.531-537, Copenhagen.
Stuhr JJ (2003), Pragmatism, postmodernism and the future of philosophy. Routledge (USA).
Subrahmanian E, Reich Y, Smulders F & Meijer S (2011), Designing, insights from weaving theories of 

cognition and design theories. Proceedings of the 18th International Conference on Engineering 

Design , vol. 7, pp.362-373, Copenhagen.
Suchman LA (1987), Plans and situated actions: the problem of human-machine communication. Cambridge 

University Press (USA).
Svengren Holm L & Johansson U (2005), Marketing and Design: Rivals or Partners? Design Management 

Review, 16 (2) pp.36-41.
Swan J, Bresnen M, Newell S & Robertson M (2007), The object of knowledge: The role of objects in 

biomedical innovation. Human Relations December, 60 (12) pp.1809-1837.
Talisse R (2002), Two concepts of inquiry, Philosophical Writings, 20 (19/20) pp.69-81.
Taylor BC (2005), Engaging organization through worldview, pp.197 -222. In May S & Mumby DK (Eds.), 

Engaging organizational communication, theory and research, Sage (USA).
Taylor BC & Trujillo N (2005), Qualitative research methods. In Jablin FM & Putnam LL (Eds.) Handbook 

of organizational communication, advances in theory, research and methods (pp.161-196), Sage 
(USA). 

Tee K, Greenberg S & Gutwin C (2009), Artifact awareness through screen sharing for distributed groups. 
International Journal of Human-Computer Studies, 67 (9) pp.677-702.

Thaler RH & Sunstein CR (2008), Nudge: Improving Decisions about Health, Wealth, and Happiness. Yale 
University Press (USA).

Thibodeau PH, Boroditsky L (2011), Metaphors We Think With: The Role of Metaphor in Reasoning.  
PLoS ONE 6 (2).

Tromp N, Hekkert P & Verbeek PP (2011), Design for Socially Responsible Behavior: A Classification of 
Influence Based on Intended User Experience. Design Issues, 27 (3) pp.3-19. 



322

Tsoukas H (1996), The firm as a distributed knowledge system: A Constructionist Approach. Strategic 

management journal, 17 (winter) pp.11-25.
Tsoukas H (2003), Do we really understand tacit knowledge? In Easterbly-Smith M & Lyles MA (Eds.), 

Handbook of organizational learning and knowledge (pp.410-427), Blackwell (USA). 
Tyre MJ & von Hippel (1993), Locating adaptive learning : the situated nature of adaptive learning in 

organizations. Working paper Sloan School of Management 
Utterback J M, Sanderson SW, Tether B, Verganti R, Ekmann S, Vedin BA & Alvarez E (2006), Design-

Inspired Innovation. World Scientific Publishing Company (USA). 
Valkenburg RC & Dorst K (1998), The reflective practice of design teams. Design issues, 19 (3) pp.249-271.
Valkenburg RC (2000), The Reflective Practice in Product Design Teams. PhD thesis Delft University of 

Technology.
Varela FJ, Thompson ET & Rosch E (1991), The Embodied Mind: Cognitive Science and Human Experience. 

The MIT Press.
Velden J van der (2008), Océ innovative by nature. Océ NV and Pictures Publishers (NL).
Verbeek PP (2005), What Things Do. Philosophical Reflections on Technology, Agency, and Design.  

The Pennsylvania State University Press (USA)
Verganti R (2003), Design as brokering of languages. The role of designers in the innovation strategy of Italian 

firms. Design Management Journal, 14 (3) pp.34-42.
Verganti R (2006), Innovating through design. Harvard Business Review, December 2006, pp.114 – 122.
Verganti R (2008), Design, Meanings, and Radical Innovation: a meta-model and a research agenda. Journal 

of Product Innovation Management, 25 (5), pp.436-456.
Verganti R (2009), Design Driven Innovation – Changing the Rules of Competition by Radically Innovating what 

Things Mean. Harvard Business Press (USA).
Veryzer RW (1998), Discontinuous Innovation and the New Product Development Process. Journal of Product 

Innovation Management, 15 (4) pg.304-321.
Veryzer, RW (2005), The Roles of Marketing and Industrial Design in Discontinuous New Product 

Development. Journal of Product Innovation Management, 22 (1) pp.22-41.
Veryzer, RW & Borja de Mozota, B(2005), The Impact of User-Oriented Design on New Product 

Development: An Examination of Fundamental Relationships. Journal of Product Innovation 

Management, 22 (2) pp.128 - 143
Visser W (2006), The cognitive artifacts of design. Lawrence Erlbaum Associates (USA).
Visser W (2009), Design: one, but in different forms. Design Studies, 30 (3) pp.187-223.
Wallas G (1926), The art of thought. Harcourt Brace (USA).
Walsh JP & Ungson GR (1991), Organizational Memory. Academy of Management Review. 16 (1) pp.57-91.
Walsh V, Roy R, Bruce M & Potter S (1992), Winning by Design: Technology, Product Design and International 

Competitiveness. Basil Blackwell (UK).
Walsh V (1996), Design, Innovation and the Boundaries of the Firm. Research Policy, 25 (4) pp.509-529.
Weber M (1968), Economy and Society: An Outline of Interpretive Sociology. Bedminster Press (USA).
Weick KE & Roberts KH (1993), Collective Mind in Organizations: Heedful Interrelating on Flight Decks. 

Administrative Science Quarterly, 38 (3) pp.357-381.
Weick KE (1995), Sensemaking in organizations. Sage (USA).
Weick KE (2001), Making sense of organizations. Blackwell Publishing (USA)
Weick KE (2004), Rethinking Organizational Design. In Boland JR & Collopy F (Eds.), Managing as 

Designing (pp.36-55), Stanford Business books (USA). 
Weick KE, Sutcliffe KM & Obstfeld D (2005), Organizing and the Process of Sensemaking. Organization 

Science, 16 (4) pp.409-421.
Weick KE & Suthcliffe KM (2007), Managing the unexpected, resilient performance in an age of complexity, 2nd 

ed. Wiley & Sons (USA). 



323

Whetten DA (1989), What constitutes a theoretical contribution? Academy of Management Review  
14 (4) pp.490-495.

Wegner DM (1987), Transactive memory: A contemporary analysis of the group mind. In Mullen B & 
Goethals G (Eds.), Theories of group behavior (pp.185-208), Springer-Verlag (USA). 

Wegner DM, Giuliano T & Hertel PT (1985), Cognitive interdependence in close relationships. In Ickes WJ 
(Eds.), Compatible and Incompatible Relationships (pp.253-276), Springer-Verlag (USA).

Wiley N (1988), The micro- macro problem in social theory. Sociological Theory, 6 (3) pg.254-261.
Wiley N (2006), Pragmatism and the dialogical self. International Journal for Dialogical Science, 1 (1) 5-21.
Wilson M (2002), Six views of embodied cognition. Psychonomic Bulletin & Review, 9 (4) pp.625-636.
Winograd T & Flores F (1986), Understanding computers and cognition: A new foundation for design. Ablex 

Pub. Corp. (USA).
Yin RK (2009), Case study research – Design and methods, 4th ed. Sage (USA).



324

Appendices

All appendices are digitally available at the author (guido.stompff@oce.com).
 
In the appendices, the individual studies are presented: distinct studies with a specific aim. 
As the studies are conducted a priori the thesis itself, sometimes the language deployed is 
not entirely in line with the vocabulary as deployed in the thesis. The appendices are:
•	 Appendix 1: Designing as designating  

This is a stakeholders analysis, that both provided (1) the ground to institute the 
problem at hand; and (2) enabled to compare rival theories on team cognition 

•	 Appendix 2: Journal analysis 
This concern an analysis of my personal observations as captured and documented by 
means of my journal. Also screen dumps of CAD, reports, models, photos and few 
filmed meetings provided the data for this analysis.

•	 Appendix 3: The team reflective practice 
This concerns an in-depth analysis of a filmed meeting that was critical. The stakes 
were high, and many team members were involved. For the analysis a method is 
deployed to analyze the team activities according to Schön’s reflective practice (Schön 
1983), a method as developed by Valkenburg (2000).

•	 Appendix 4: Cues and frames 
This study concerns understanding what cues incite the frames as deployed in a team 
meeting. Cues are extracted things and evens in the world, in the here-and-now. 
These are noticed as these deviate from expectancies. Understanding cues provides the 
ground for understanding how the environment is part of the team cognitive system.

•	 Appendix 5: The dynamical interplay of roles 
This study revolves around understanding what the contribution is of designers, whilst 
interacting with others. Therefore what team members do in their formal and observed 
roles is analyzed. 

•	 Appendix 6: Interviews: heedful interrelations  
When the ORE development was nearly finalized, in-depth interviews were conducted 
with the involved team members. This enables to analyze and compare the distinct 
viewpoints of involved team members on the topic at hand. The aim is to find the 
patterns in the activities of team members.
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Summary

Part 1: the hidden designer in NPD teams
Products are developed by multi-disciplinary teams of specialists and one of those 
specialists is a designer. A designer in an NPD team is a role that focuses on the product’s 
usability and experience of use. In the vast body of literature on NPD, designers are 
remarkable absent. Also, in the literature on design, teams are hardly mentioned, just as 
the contribution of other team members. There is a gap in the field of knowledge between 
the world of designers and the world of NPD: knowledge that concerns the contribution 
of designers to multi-disciplinary NPD teams. The gap became problematic for me when 
I, designer at Océ Technologies, started to work for so called distributed teams. These are 
teams in which the members are spatially, culturally and/or organizationally separated. In 
these teams the expectations of a ‘designer’ are reduced to cliché-like images. Only after a 
long time of collaborating, the design activities started more and more to resemble design 
activities in co-located teams, but why? This observation caused doubt: not only in the 
literature there is a gap, also I was hardly aware what designers contribute to development 
teams. It incited the inquiry resulting in this thesis.

A preliminary research was conducted, with the aim to pinpoint fruitful directions 
that provide guidance to the inquiry. The findings suggested that designers and their 
activities seem to facilitate ‘collective thinking’ in teams, named ‘team cognition’ in this 
thesis. Team cognition is defined as the binding mechanism of aligning and coordinating 
activities in a team, while team members interact and encounter (unexpected) events. 
Team cognition concerns both the level of individuals and the level of the team, as 
alignment and coordination of activities of individuals can only be observed at the level of 
the team. Three research questions are put forward that also structure the thesis:
•	 What factors constitute team cognition in the context of NPD? 
•	 What factors in the work of designers moderate team cognition? 
•	 What can designers contribute to team cognition in the situation of distributed teams? 

Method
As a designer and a researcher I have a dualistic position: I conduct an inquiry in my own 
practice. There are no well developed methods for practitioners to research their own 
practice. For that reason, a method was developed based on a philosophical perspective, 
pragmatism. According to pragmatists, one can only learn by participating and not by 
observations alone. The chosen method, a Deweyan inquiry, starts from a ‘doubtful 
situation’ and includes four steps:
1.  The institution of the problem: what seems to be the problem at hand? In my inquiry, 

a relation was established between team cognition and what designers do.
2.  Determination of problem and solution: observing in order to reconstruct an existing 

situation. In my inquiry a complex multi-disciplinary problem in a co-located team 
provided the context for analysis. Much data was gathered and analyzed together with 
co-researchers. 
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3.  Reasoning: distilling what seems to be the cause of the doubtful situation and also 
possible solutions to solve it. In my inquiry the distinction between a co-located team 
and a distributed team was explored.

4.  Experiment: experimenting in the situated context of the doubtful situation. Only 
if the experiments show that the doubtful situation is understood, ‘warranted 
assertibility’ is obtained. In my inquiry, the conducted experiments concerned 
distributed teams at Océ.

Part 2: understanding team cognition
This part of the thesis concerns the first research question, and aims to understand 
team cognition. The insights of the inquiry provide explanations for the alignment and 
coordination of team activities both for the level of an individual as for the level of the 
team.

At the level of individuals, it is found that members of NPD teams experience an extreme 
indeterminacy in their daily activities and two factors need to be mentioned. First, 
in multi-disciplinary teams problems arise as an unexpected consequence of previous 
activities. Consequently the situations team members face at any given moment are partly 
enacted by their own prior choices. Team members learn about previously unknown 
relations. Second, there is always a difference in NPD between what can be observed in 
the world, and what team members know. For example, building a prototype requires 
ample time and preparations. In between, team members continue their development 
activities: the eventual prototype depicts the state of affairs of some time ago. 
Subsequently, team members often ask others questions in order to construct the non-
observable state of affairs of their collective activities. 

To deal with the intrinsic indeterminacy in their work, each individual team member 
needs to ‘fit’ his activities to those of others. This principle is the basis of team cognition: 
only individuals can establish the relations between their activities and those of others. 
Establishing the relations between activities of team members is named ‘interrelating’. 
An individual learns to interrelate his activities to those of others by means of two 
mechanisms:
•	 Interactions with other team members and with objects. Interactions with others 

concern meetings, sketching together and so on. Objects concern artifacts of prior 
activities, such as a drawing, a prototype or a model. 

•	  As a result of these interactions, each team member can envision the larger system he 
contributes to. For NPD, the larger system concerns both the ‘as is’ system in the here 
and now and the ‘intended system’, which is the system the team is developing. 

Because everybody interrelates his activities to those of others, in time a network emerges. 
The nodes of the network are those things that are meaningful to many team members, 
such as objects or typical words, specific events experienced together and/or roles 
everybody interacts with: the jointly constructed practice. Joint practice provides the 
anchors for team members to align and coordinate their activities. At the same time joint 
practice is a result of prior activities. An important finding is the significant contribution 
of tangible objects to the joint practice. These provide bodily experiences that are relatively 
the same for all involved and thus easily span disciplinary boundaries. Another important 
finding is that even when a multi-disciplinary development has successfully ended, team 
members discuss and frame the results fundamentally different. This finding suggests that 
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team members are able to align and coordinate their activities, without having a shared or 
common understanding. 

At the team level, a framework has been developed for team cognition, grounded in the 
(pragmatist) premise that cognition concerns the interpretation of the flux of events, in 
relation to the expectations the team members have. The cognitive system is dynamical, 
because our expectations are adapted to what we learn while interacting with the world.

Two components of team cognition are named: team consciousness and team 
mind. The first concerns the alignment and coordination of activities for which explicit 
communication can be observed. The latter concerns alignment and coordination without 
the need for discussions or reporting things: team members ‘know’ what to do in the 
context of their practice. Four cognitive processes have been distilled at the team level:
•	 Imagining and /or reasoning 

Imagining concerns, for example, activities that attempt to provide explanations or 
solutions for an unexpected event. Reasoning is about extrapolating consequences. 
Imagining and/or reasoning are supportive to the other three cognitive processes.

•	 Team Minding 
Team members know what to do and progress relatively on their own and hardly 
communication can be observed. They are mindful to the flux of events and involve 
others when they consider a problem is encountered they can no longer deal with 
themselves. Now that I know what we think, what do I need to do/create? 

•	 Team Reflection-in-action 
In line with Schön’s writings, team members act, and these acts are guided and 
structured by a strong frame. Multi-disciplinary proposals, ‘moves’, are put forward 
within the frame. Team members reflect collectively on the results of the move. Often 
reflection-in-action processes deal with a multi-disciplinary problem recognized by all 
involved, but which has not been solved properly. Now that we know what we think, 
what do we need to do/create?

•	 Team Sensemaking  
Team members experience doubt, but do not agree if there is a problem, what causes 
the problem, and so on. As described by Weick, sensemaking processes are collective 
interpretations of the situation at hand, in order to create a plausible image that 
rationalizes what is observed in hindsight. Sensemaking requires an open dialogue, 
seeing each other face-to-face en deploying objects that show what the team had 
developed together. How can we know what we think, until we see what we created? An 
important insight is that sensemaking deals with surprises that no longer fit existing 
frames: it is the process of reframing at the level of the team. 

Part 3: the contribution of designers to team cognition
The second research question is: what factors in the work of designers moderate team 
cognition? To answer this question, analysis was done to understand what discerns a 
designer from other roles:
•	 Outside-in: designers tend to frame any problem or solution at the level of the 

product, instead of parts and modules. If, for example, a problem is noticed in a 
module, designers tend to discuss the consequences for the product.

•	 User centered: designers ongoing question what the implications are of what they see 
for users and the user-experience; they ‘talk users’.
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•	 Holistic: designers tend to embrace ambiguity, dealing with many problems 
simultaneously, rather than one after the other. 

•	 Imagining the ‘intended’ system: designer continuously and swiftly translate anything 
they encounter to the ‘intended’ system of the eventual product and user. 

The activities of designers adhere to the ‘intended system’. They discuss the consequences 
of technological choices for the product and the user. They translate what the team is 
developing into compelling representations of the ‘intended’ system. This contribution of 
designers is an important ingredient for team cognition, to span the inevitable disciplinary 
boundaries that can be found in NPD as a result of specialization. Knowledge is hardly 
transferred across the boundary. Team members on both side of the boundary can align 
and coordinate their activities reflecting on the consequences of their collective choices 
on the ‘intended’ system. Designers are capable of swiftly translating technical choices of 
distinctive practices into the ‘intended’ system. Stated differently, designers mirror what 
the team is doing and the image in the mirror is the eventual ‘intended’ system. The 
image enables others to reflect on the choices in the here-and-now and hence: to align and 
coordinate their activities. 

Part 4: applying the insights in distributed teams
The third and last research question is: what can designers contribute to team cognition 
in distributed teams? Apart from the benefits, distributed teams also pose challenging 
conditions for team members, such as the lack of face-to-face meetings or speaking 
different languages. Also, their practices are separated, each with specific objects, tools, 
jargon and so on. A joint practice develops slowly and consequently there are relatively 
few anchors that serve as an orientation for team members.

The expectation was that ‘designerly’ representations contribute to team cognition 
in distributed teams. Three series of experiments were conducted with different types 
of representations: visualizations, so called product stories (brief explanation what the 
product is about and what the advantages for a client and/or user) and projecta’s (concrete 
and tangible proposals for a new NPD project, showing the product). The findings of the 
experiments are:
•	 A representation of the ‘intended system’ requires expressive means, so that team 

members and/or stakeholders can commit themselves with the aims. What the best 
type of the representation is, is situationally determined. 

•	 The ‘fidelity’ of visualization concerns the chosen depiction of reality. The fidelity 
needs to be attuned to the cognitive process a team is in. If a team is in a sensemaking 
process, the visualizations need to incite dialogue. For reflection-in-action processes 
the visualizations need to provide a strong guiding frame that encourages specific 
interpretations. 

•	 Because of the inherent communication problems in distributed teams, visualizations 
are crucial in order to develop a joint practice. ‘Talking visuals’ mitigates the 
communication problems, however is also time consuming. 

The experiments show that designers with their imaginative skills and their expressive 
capabilities can contribute to distributed teams, facilitating the alignment and 
coordination of activities. 
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Conclusions
The inquiry opens up the ‘black box’ of NPD teams and provides a colorful view in the 
practice of modern NPD of complex products. The main contribution of the inquiry to 
the field of knowledge is threefold and is discussed below.

(1) For NPD literature, the developed framework of team cognition shifts the focus 
from ‘communication’ to ‘interactions’. Developing a joint practice is considered pivotal 
to align and coordinate team activities. Above all, tangible objects have a considerable 
contribution to the joint practice. Also, it is found that surprises occur at any moment 
in time in NPD projects and are intrinsically part of multi-disciplinary teams. Surprises 
may lead to delay and additional costs, but are also the source of many innovations. The 
insights lead to a range of recommendations for NPD practice: 
•	 Facilitate the construction of a joint practice. 
•	 Organize interactions between team member so that they learn what their mutual 

relations are. 
•	 Manage doubtful situations within a team as team sensemaking processes. 
•	 Develop ongoing representations of the ‘intended’ system, to mirror the state of affairs.
 
(2) For design literature, the inquiry adds new insights on the topic of what designers 
contribute to multi-disciplinary NPD teams. Designers most of all have a contribution, 
because their activities adhere to the ‘intended’ system. Consequently, the practice of 
design spans troubling disciplinary boundaries inside NPD teams, such as between 
marketing and R&D. The insights lead to a range of recommendations for the practice of 
design:
•	 Interact with other team members, their artifacts and work transparently.
•	 Develop compelling and expressive representations of the ‘intended’ system. Be aware 

of the ‘fidelity’ of the representations in relation to the team cognitive processes. 
•	 Incite or even provoke discussions about the ‘intended’ system: how can we know what 

we intend, until we see what we might create?

(3) For the research methods, the contribution of the thesis is the Deweyan inquiry 
described. It is a practitioner’s method only and the thesis shows that an in depth research 
by a practitioner is possible, balancing rigor and relevance. Above all, the step to validate 
insights, by means of experiments in the doubtful situation that incited the inquiry, is 
highly beneficial. There is also an inherent drawback: as it concerns reflection-on-action, 
I had to step out of my own practice in order to finalize the inquiry, inevitably somewhat 
loosing the feel of my own practice. A Deweyan inquiry requires an intrinsic motivation 
to explore beyond the daily practice and an organization that embraces organizational 
learning. 
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Samenvatting

Deel 1: de onbekende designer in productontwikkeling teams
Producten worden ontwikkeld door teams van specialisten en één van die specialisten 
is een designer. Een designer zet zich in voor het gebruiksgemak en de gebruikservaring 
van het toekomstige product. Opvallend is dat in de uitgebreide literatuur over 
productontwikkeling designers vrijwel volledig afwezig zijn. Tegelijkertijd spelen teams 
en andere productontwikkelaars hooguit een marginale rol in de design literatuur. 
Er is een gat in de literatuur en dat gat betreft kennis over designers die werken in 
multidisciplinaire productontwikkeling teams. Dit gat werd een probleem voor mij, toen 
ik als designer bij Océ ging samenwerken met zogenaamde ‘gedistribueerde teams’: teams 
waarbij de teamleden van elkaar gescheiden zijn. In deze teams zijn de verwachtingen van 
de rol van een designer vaak gereduceerd tot cliché matige beelden en blijft de bijdrage 
beperkt tot het ontwerpen van de buitenste ‘huid’. Ik merkte dat na een lange tijd de 
situatie wel degelijk verandert en meer ging lijken op een niet-gedistribueerd team, 
maar waarom? Het legde de vinger op een zere plek: niet alleen in de literatuur is er een 
kennisgat, maar ook ikzelf was me nauwelijks bewust wat designers nu eigenlijk bijdragen 
aan multidisciplinaire teams. Het was het startschot voor het onderzoek beschreven in de 
thesis.

Er is vooronderzoek gedaan om richting te geven aan het onderzoek. Een interessante 
uitkomst was dat designers en hun activiteiten een effect lijken te hebben op het 
‘collectieve denken’ in teams. Dit is ‘team cognitie’ genoemd. Team cognitie is 
gedefinieerd als het onderliggend mechanisme van afstemming en coördinatie van de 
activiteiten van de teamleden, terwijl de teamleden interacteren en reageren op allerlei 
(onverwachte) situaties. Team cognitie betreft zowel het niveau van individuen als het 
niveau van het team, omdat coördinatie en afstemming van individuele activiteiten 
alleen manifesteren op het team niveau. Drie onderzoeksvragen zijn geformuleerd die het 
onderzoek en de thesis structureren:
•	 Welke factoren dragen bij aan team cognitie?
•	 Welke factoren in het werk van designers dragen bij aan team cognitie?
•	 Wat kunnen designers bijdragen aan team cognitie, indien het team gedistribueerd is?

Methode
Als designer en onderzoeker heb ik een dubbele rol: ik onderzoek mijn eigen praktijk. 
Er zijn geen goed ontwikkelde methoden voor professionals om onderzoek te doen naar 
hun eigen praktijk. Daarom is er een methode ontwikkeld op basis van een filosofische 
stroming, pragmatisme. Volgens het pragmatisme kan men alleen kennis opdoen door te 
participeren en niet slechts door goed te observeren. De gekozen methode, een ‘Deweyan 
inquiry’ start vanuit een ‘doubtful situation’: een situatie die men niet begrijpt. Een 
‘inquiry’ bestaat uit vier stappen:

1.  ‘The institution of the problem’: wat lijkt het probleem te zijn? Mijn onderzoek legt 
een relatie tussen wat designers doen en team cognitie.
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2.  ‘Determination of problem and solution’: grondig observeren om de bestaande situatie 
te doorgronden. Ik heb in mijn onderzoek gekozen om een lastig multidisciplinair 
onderwerp in een niet-gedistribueerd team te observeren. Er is uitgebreid data 
verzameld, die geruime tijd later gezamenlijk met andere onderzoekers is geanalyseerd.

3.  ‘Reasoning’: logisch redeneren wat de oorzaken en mogelijk oplossingen zijn. In 
mijn onderzoek is gekeken naar de verschillen tussen niet-gedistribueerde teams en 
gedistribueerde teams.

4.  ‘Experiment’: het experimenteren in de ‘doubtful situation’. Alleen indien de situatie 
aantoonbaar weer onder controle is, kan je spreken van ‘warranted assertibility’. De 
experimenten in mijn onderzoek zijn uitgevoerd in gedistribueerde teams bij Océ. 

Deel 2: team cognitie doorgronden
Dit deel van de thesis betreft de eerste onderzoeksvraag, omtrent team cognitie. De 
inzichten geven verklaringen voor zowel het niveau van een individu als het niveau van 
een team.

Op het niveau van een individu blijkt dat teamleden in productontwikkeling een grote 
onduidelijkheid in hun dagelijkse praktijk ervaren, en de twee belangrijkste factoren 
moeten worden genoemd. Ten eerste ontstaan in multidisciplinaire teams problemen als 
gevolg van de combinatie van eerder gemaakt keuzen. De situatie waarin teamleden zitten 
is gedeeltelijk een gevolg van alle eerdere gemaakte keuzen; de situatie is ‘enacted’. De 
teamleden leren dat er tot dusverre onbekende relaties zijn tussen hun activiteiten. Ten 
tweede is er altijd een verschil tussen wat waarneembaar is en wat de teamleden weten. 
Het bouwen van een prototype kost veel tijd en teamleden gaan ondertussen door met 
hun activiteiten. Het prototype representeert de stand van zaken van een tijd geleden. 
Daarom worden er regelmatig vragen gesteld om uit te zoeken wat een ander weet, om de 
niet waarneembare ‘bestaande’ situatie van het collectieve werk te ‘construeren’. 

Om met de onduidelijkheid om te gaan, moet ieder teamlid zijn activiteiten ‘inpassen’ 
in die van anderen. De basis van team cognitie is een individu dat de samenhang tussen 
zijn activiteiten en die van anderen zelf vaststelt: het ‘interrelateren’ van activiteiten. Een 
individueel teamlid leert zijn activiteiten te interrelateren op basis van twee mechanismen:
•	 Interacties, zowel met anderen als met objecten. Interacties met anderen zijn meetings, 

samen schetsen en dergelijke. Objecten zijn meestal de artefacten van eerdere 
activiteiten, zoals een tekening, een model, of een prototype.

•	 Dankzij de interacties kan een teamlid zich een voorstelling maken van het grotere 
systeem waar hij een bijdrage aan levert. In productontwikkeling wordt het grotere 
systeem gevormd door het ‘bestaande’ systeem in het hier en nu en het ‘beoogde’ systeem 
dat het team aan het ontwikkelen is. 

Aangezien iedereen in het team zijn activiteiten interrelateert met de activiteiten 
van anderen, ontstaat er een netwerk. De ‘knooppunten’ van het netwerk zijn de 
betekenisvolle dingen waar iedereen in het team mee te maken heeft. Dat kunnen 
objecten of typische woorden zijn, bepaalde rollen/personen en betekenisvolle 
gebeurtenissen die gezamenlijk zijn ervaren. Dit vormt de gezamenlijke geconstrueerde 
praktijk: de ‘joint practice’. ´Joint practice´ vormt het anker voor alle teamleden om hun 
activiteiten op af te stemmen en tegelijkertijd is de ‘joint practice’ ook een gevolg van alle 
activiteiten. 
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Een belangrijke observatie is het belang van tastbare objecten voor ‘joint practice’. 
Mensen ervaren deze objecten zintuiglijk en omdat die lichamelijke ervaringen relatief 
hetzelfde zijn voor iedereen, nemen tastbare objecten de grenzen weg tussen specialisten. 
Wellicht zijn tastbare objecten het belangrijkste onderdeel van de ‘joint practice’. Een 
andere opvallende bevinding is dat teamleden zelfs nadat een multidisciplinair ontwerp 
succesvol is afgerond, fundamenteel anders praten over het ontwerp. Dit suggereert dat 
teamleden hun activiteiten kunnen afstemmen en coördineren, zonder dat ze een ‘shared 
understanding’ of iets dergelijks hebben. 

Op het niveau van teams is er een raamwerk ontwikkeld voor team cognitie. De basis van 
het raamwerk is het (pragmatisch) principe dat cognitie de interpretatie betreft van de flux 
van gebeurtenissen, in relatie tot de verwachtingen van teamleden. Het cognitief systeem 
is dynamisch, omdat de verwachtingen worden aangepast op basis van wat we leren. 

Twee componenten van team cognitie zijn benoemd: ‘team consciousness’ en ‘team 
mind’. Het eerste betreft afstemming en coördinatie waarbij expliciete communicatie 
waarneembaar is. Bij het tweede is geen sprake van expliciete communicatie, terwijl er 
wel een naadloze afstemming en coördinatie van activiteiten te zien is. Teamleden ‘weten’ 
wat ze moeten doen in hun dagelijkse praktijk, zelfs als er onverwachte gebeurtenissen 
plaatsvinden. Er zijn vier cognitieve processen te onderscheiden op het team niveau:
•	 Imagining and/or reasoning 

‘Imagining’ gaat over verbeelden, bijvoorbeeld van mogelijke oorzaken of oplossingen 
van een probleem. Het gaat hand in hand met ‘reasoning’, het extrapoleren van 
consequenties. Dit cognitief proces is ondersteunend aan de andere drie processen.

•	 Team Minding 
Teamleden weten wat ze moeten doen en kunnen relatief zelfstandig werken. De 
teamleden volgen de gebeurtenissen aandachtig en betrekken anderen wanneer er iets 
onverwachts aan de hand is. Nu ik weet wat we denken, wat moet ik doen/maken?

•	 Team Reflection-in-action 
Dit betreft het proces beschreven door Schön, waarbij een duidelijk frame richting 
geeft aan de team activiteiten. Binnen dat frame worden multidisciplinaire voorstellen 
gedaan: ‘moves’. Op de resultaten wordt collectief gereflecteerd. Dit proces is waar te 
nemen wanneer een team een helder multidisciplinair probleem probeert op te lossen. 
Nu we weten wat we denken, wat moeten we doen/maken?

•	 Team Sensemaking  
Teamleden ervaren een ‘doubtful situation’: ze voelen twijfel, maar weten niet of er een 
probleem is, wat de oorzaak is, etc. Sensemaking, letterlijk ‘zin/betekenis geven’, is het 
door Weick beschreven proces om gezamenlijk de situatie te interpreteren. Het doel 
is om een plausibel beeld te creëren dat achteraf rationaliseert wat er aan de hand is. 
Sensemaking vereist open dialoog, elkaar opzoeken en gebruik maken van objecten die 
een goed beeld geven van wat het team collectief gemaakt heeft. Hoe kunnen we weten 
wat we denken, totdat we zien wat we gemaakt hebben? Een belangrijk inzicht is dat 
‘sensemaking’ het proces van ‘reframing’ is voor teams als gevolg van een ‘surprise’.

Deel 3: de bijdrage van designers aan team cognitie
De tweede onderzoeksvraag luidt: welke factoren in het werk van designers dragen bij 
aan team cognitie? Om die vraag te beantwoorden is eerst gekeken naar wat designers 
onderscheidt in teams:
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•	 ‘Outside-in’: designers neigen problemen en oplossing te bekijken op product niveau. 
Als er een locaal probleem is geconstateerd, bijvoorbeeld in een module, dan bespreken 
designers de consequenties voor het product en genereren zij ook oplossingen op 
product niveau. 

•	 ‘User centered’: designers vragen zich steeds af wat de consequenties zijn voor 
gebruikers en hun beleving. Hun argumentaties zijn voor een groot gedeelte 
gerelateerd aan gebruikers, wat in de thesis is benoemd als ‘talking users’.

•	 ‘Holistisch’: designers neigen meerdere problemen gelijktijdig te behandelen, in plaats 
van één voor één. 

•	 Verbeeldingskracht in relatie tot het ‘beoogde’ systeem: designers maken continu een 
vertaling van wat ze zien naar het ‘beoogde’ systeem van product en de gebruiker. 

Concluderend: de activiteiten van designers zijn nauw verbonden met het ‘beoogde 
systeem’: ze vertalen de consequenties van technische keuzen voor het product en de 
gebruikers in representaties van het ‘beoogde’ systeem. De bijdrage van designers vormt 
een belangrijk ingrediënt van het team cognitief systeem. In productontwikkeling 
teams met veel specialisten kunnen kennis ‘boundaries’ ontstaan, omdat de specialisten 
elkaars taal en praktijk niet begrijpen. Het kenmerk van een boundary is dat kennis zeer 
moeizaam wordt uitgewisseld over de ‘boundary’ heen. Designers blijken snel de vertaling 
tussen technische keuzen en de consequenties voor het ‘beoogde’ systeem te kunnen 
maken. De teamleden aan beide zijden van de boundary kunnen hun werk afstemmen 
en coördineren door te reflecteren op de effecten van hun keuzen op het beoogde system. 
Anders gezegd: designers spiegelen wat het team doet, waarbij in de spiegel te zien is 
wat het uiteindelijke product gaat worden. Andere teamleden kunnen daardoor hun 
activiteiten afstemmen en coördineren. 

Deel 4: toepassen van de inzichten in gedistribueerde teams
De derde en laatste onderzoeksvraag betreft: wat kunnen designers bijdragen aan 
team cognitie in gedistribueerde teams? Naast grote voordelen, hebben teamleden van 
gedistribueerde teams ook uitdagingen, zoals communicatie problemen, omdat ze elkaar 
weinig zien en een andere taal spreken. Ze blijken een aparte praktijk te hebben met eigen 
methoden, objecten, etc. Dat betekent dat er moeizaam een ‘joint practice’ ontwikkeld 
wordt. Voor teamleden zijn er nauwelijks bakens om zich te oriënteren. 

Mijn verwachting was dat representaties van designers bijdragen aan team cognitie 
in gedistribueerde teams. Er is geëxperimenteerd met verschillende vormen van 
representaties: visualisaties, ‘product stories’ (een heldere uitleg wat het product is en de 
voordelen vanuit een klant en/of gebruikers perspectief ) en ‘projecta’s’ (een concreet en 
tastbaar voorstel voor een nieuw project in de vorm van het uiteindelijke product). De 
bevindingen zijn:
•	 Een representatie van een ‘beoogd product’ heeft expressieve middelen nodig, zodat 

dat subteams en/of stakeholders zich verbinden met de doelstellingen. Welke type 
representatie het beste gebruikt kan worden is situationeel.

•	 De 'fidelity' van een visualisatie is gedefinieerd als de getoonde mate van realiteit. De 
fidelity blijkt afgestemd te moeten worden op het cognitieve proces waarin het team 
zit. Voor 'sensemaking' processen moeten de visualisaties vooral tot dialoog leiden. 
Voor reflection-in-action processen is een sterk frame nodig dat bepaalde interpretaties 
versterkt en andere onderdrukt. 



336

•	 Vanwege de inherente communicatieproblemen, zijn visualisaties cruciaal om een 
‘joint practice’ te ontwikkelen in gedistribueerde teams. 'Talking visuals' overbrugt 
taalproblemen, maar het is ook tijdrovend en vereist specifieke competenties.

De experimenten laten zien dat designers, met hun verbeeldingskracht en hun expressieve 
mogelijkheden, kunnen bijdragen aan de coördinatie en afstemming van activiteiten in 
gedistribueerde teams.

Conclusies
Het onderzoek opent de ‘black box’ van product ontwikkelteams. De belangrijkste 
bijdrage van dit onderzoek is drieledig en wordt hieronder kort besproken.

(1) Voor de productontwikkeling literatuur voegen de inzichten nieuwe kennis toe. 
Ten eerste verschuift het ontwikkelde raamwerk voor team cognitie de focus van 
‘communicatie’ naar ‘interacties’. Het plaatst het ontwikkelen van een gezamenlijk 
praktijk centraal voor het afstemmen en coördineren van activiteiten in teams. Tastbare 
objecten spelen een cruciale rol in de ‘joint practice’. Ten tweede laten de bevindingen 
zien dat ‘surprises’ een fundamenteel onderdeel zijn van productontwikkeling in 
multidisciplinaire teams, in elk stadium. Dat leidt tot vertragingen en extra kosten, 
maar ‘surprises’ zijn ook de bron van innovaties. De bevindingen leiden tot een reeks 
aanbevelingen voor de product ontwikkel praktijk:
•	 Faciliteer de ontwikkeling van een ‘joint practice’.
•	 Organiseer interacties tussen teamleden zodat ze leren wat de wederzijdse relaties zijn 

tussen hun activiteiten.
•	 Behandel ‘doubtful situations’ in product ontwikkelteams middels een sensemaking proces.
•	 Ontwikkel doorlopend representaties van het 'beoogde systeem' om de voortgang in 

een product ontwikkelteam te spiegelen.
   
(2) Voor de design literatuur geeft de studie inzichten in de bijdrage van designers aan 
multidisciplinaire teams. Designers blijken vooral een bijdrage te hebben, omdat hun 
activiteiten verbonden zijn met het ‘beoogde’ systeem. Hun praktijk heeft ‘boundary 
spanning’ kwaliteiten om moeizame ‘boundaries’ in teams te overbruggen, zoals tussen 
marketing en R&D. Ook deze inzichten leiden tot een reeks praktische aanbevelingen 
voor designers:
•	 Interacteer met andere teamleden, hun artefacten en werk transparant. 
•	 Ontwikkel expressieve representaties van het 'beoogde' systeem en wees bewust van de 

'fidelity' van de representaties in relatie tot de cognitieve processen in het team. 
•	 Lok discussie uit over het 'beoogde' product: hoe kunnen we weten wat we denken, 

totdat we zien wat het kan worden?

(3) Voor onderzoeksmethodieken is de bijdrage de beschrijving van een Deweyan inquiry. 
Het is een methode voor ‘professionals’ en het proefschrift laat zien dat het mogelijk is 
om een onderzoek te doen in de eigen praktijk. Het biedt een balans tussen een kritisch 
wetenschappelijke houding en praktische relevantie. Vooral het valideren van inzichten 
door te experimenten is een sterk punt. Tegelijkertijd kleeft er een nadeel aan de methode: 
het gaat om reflection-on-action en daarom moest ik uiteindelijk (tijdelijk) uit de praktijk 
stappen. Daarmee verlies je de ‘feel’ voor je eigen praktijk. Een onderzoek in de eigen 
praktijk vereist intrinsieke motivatie om verder dan de eigen praktijk te willen kijken, en 
een organisatie die open staat om te leren.
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A glossary of key notions for team cognition

 
Boundary
 An imaginary/felt demarcation between specialists, 
 departments or functional units. Specialists across the 
 boundary find it hard to understand each other's 
 practices
Boundary objects  
 A broad range of objects, observable by many team 
 members, that are plastic enough to adapt to be used 
 in distinctive practices; yet robust enough to maintain 
 a common identity across practices
Boundary events 
 Meaningful, demarcated events experienced by many 
 team members, plastic enough to adapt to distinctive 
 interpretations within practices; yet robust enough to 
 maintain a common identity across practices
Boundary spanning roles 
 Roles that facilitate the sharing of knowledge between 
 groups that are separated by location, hierarchy or 
 function
Design
 Devising products (tangible and intangible) in which 
 human needs, likings, tasks and particularities are 
 placed centrally. Focus is on the product’s usability; 
 experience of use; meaning attribution; and elicited 
 emotions
Distributed teams
 Teams that are composed of sub-teams that are 
 spatially, culturally and/or organizationally separated   
Frames
 Perceptual frameworks that categorize what we see 
 and what we know and guide our conscious thinking
Practice 
 What people do: recurring and improvised activities; 
 the tools and objects deployed; social identity; how 
 work is done; how knowledge is produced
Team cognition
 The binding mechanism underlying the observable 
 alignment and coordination in activities of team 
 members interacting and dealing with situations that 
 are encountered
Team consciousness 
 Explicit alignment and coordination of activities at 
 team level, either by means of communication or by 
 means of standards, procedures, etc. 
Team mind
 Implicit alignment and coordination of activities at 
 team level as a result of heedfully interrelating team 
 members
Team reflection in action
 The intentional and active development of plausible 
 images that rationalize what we are doing 
 (or what is happening)
Team sensemaking
 The ongoing retrospective development of plausible 
 images that rationalize what we are doing 
 (or what is happening)

This thesis is an in depth exploration of the 

practice of new product development (NPD). To 

develop complex products, large 

multi-disciplinary teams are necessary that are 

nowadays located at multiple sites around the 

world. The teams deal with many topics 

requiring the expertise of several specialists 

simultaneously. They have to decide together if 

something is a problem; negotiate whose 

problem it is; propose multi-disciplinary 

solutions; and align their activities into a 

seamless whole. Stated differently: team 

members have to ‘think collectively’. A large 

part of this thesis is about understanding this 

elusive topic, which is named team cognition.

One of those specialists inside the NPD teams is 

a designer, focusing on the usability and 

experience of use of products. Although there is 

a vast body of literature on both NPD and 

design, literature on designers in teams is 

remarkably absent. 

This thesis attempts to fill this gap and frames 

designers in-the-wild, interacting with many 

others. The findings establish a strong relation 

between the practice of designers 

and team cognition in NPD teams.
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