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A brief introduction

The appendices all concern distinct studies with a specific aim. These are embedded into the
context in which a study is done. Thus, each study is deeply immersed into the topic at hand. All
studies together are building blocks for distilling findings that transcend the typical context of
these individual studies, as some findings are persistent across these studies. These persistent
findings provide the ground to understand team cognition and the contribution of designers, as
discussed in the chapter 6 up to 9 in the thesis. In this supplementary book, the individual
studies are presented. Each of these are interesting, regardless that it is rooted deeply into the
context of Océ and provide revelatory insights, checked across the studies. 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. Also, in the thesis sometimes additional reflections are
done, that no longer can be traced in the individual studies. An important example is that in
appendix 2, 3 and 4 I discuss the distinction between sensemaking and reflection-in-action indepth, two team cognitive processes. Not until I wrote chapter 6 and 7, developing an revised
framework for team cognition, I understood that I overlooked 2 other team cognitive processes,
above all 'minding'. Thus, in the thesis, additional reflections can be found. The appendices are:

Appendix 1: Designing as designating. This is a stakeholders analysis, that both provided
(1) the ground to institute the problem plus the subsequent research question for the
thesis; and (2) enabled to compare rival theories on team cognition

Appendix 2: Analysis of my journal. 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 analyse 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 world 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 cross-compared with several other
findings, like who deploys user or usability in his arguments.

Appendix 6: heedful interrelations (interviews). 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 among the activities of team members.
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Appendix 1: Designing as designating

In this appendix an explorative study is described, with the aim to pinpoint and understand what
embedded designers contribute to teams and organizations. The aim is to provide a fruitful
direction for the research as a whole. It explores revelatory insights on the contribution of
designers grounded in the practice of Océ. The main research questions read:
What is the contribution of the role of ‘embedded designer’ to NPD teams (of Océ) and the
organization?
Which factors in the work of designers are of relevance for this contribution; and how are these
related?
Why do these factors contribute?
In this chapter I will first provide a theoretical framework on roles and explain which method is
deployed for this first study. This case study is described and a promising direction for further
inquiry is inferred on the base of the findings and insights of this case study: the contribution of
embedded designers on shared understanding in teams. The chapter will end with a discussion
for further inquiry.

1.1

Theoretical framework
Roles are defined as the expectations that prescribe how someone should behave and contribute
in a specific position within a group (Van Oudenhoven 1985: pg. 84). They arise out of
interactions between people (Luckmann & Berger, 1966): people interact and whilst doing so
they create mutual understanding on who does what. These patterns become quickly
habitualized: people take implicit roles. These implicit roles are intersubjective: once individuals
are replaced, the newcomer will perceive a social reality in which expectations on his
contribution are already existent (Luckmann & Berger 1966). Once these patterns are explicated
inside an organization, i.e. described in terms beyond individuals, roles become
institutionalized. Implicit roles become organizational roles (Weick 1995: pg 72). Put differently:
roles emerge in time in organizations, as a result of past interactions among persons deploying
specific roles. Organizing is condensing these intersubjective expectations into organizational
roles, which in turn is enacted by people who occupy these roles. But roles are continuously
adapted, as a result of how individuals enact their roles. Roles and activities are reciprocal. What
the role of a designer is, is shaped by what designers did in the past; and what designers do is
shaped by both the implicit and organizational role of designer inside an organization. Hence,
an organizational role will cover only a limited part of the intersubjective role as found in teams.
It will always lag behind with the daily practice.
The implications for this study are twofold. Firstly (1), the context of an organization (e.g. how
work is organized, how the organization is structured, what it believes, the business it is)
strongly shapes and mediates the roles that can be found within an organization. In order to
explain what the role of designer contributes, an understanding of the organization is required
for this first study (3.3).
Secondly (2), for explaining what designers do inside teams, the organizational context is
necessary but insufficient. Of interest here is what designers and non-designers consider what
the role of a designer is; what the intersubjective role is within teams and the organization. What
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matters is what people know about the role of designers, like: what is it that designers do; what
are the goals of designers; when do we need to involve designers. This knowledge is based on
the accumulated learning of past interactions of people. A model for the knowledge people have
on roles is provided below (based on Smulders et al 2008). The first level on the topside
concerns explicit knowledge people have on roles, e.g. described in role descriptions. This level
concerns the organizational role. But the knowledge people have on roles can also be implicit,
taken for granted. The middle level depicts implicit knowledge that still is explicable - if asked
for. This level refers to intersubjective roles, and includes e.g. explaining what kind of activities
designers do and how they do it. The third level concerns the tacit dimension of knowledge,
which cannot be verbalized even if asked for (Polanyi 1966). This concerns e.g. the (bodily) skill
of sketching.

In time the knowledge of others on the
role of designers are acquired either by means of a rudimentary and generic notion of what
‘design’ is, or by means of the interactions with designers. These expectations of others on the
role of designers varies: individuals have distinct areas of expertise and interactions with
designers. Similarly the knowledge of designers on their own role are acquired by their
educational background, and in the many interactions with non-designers, in a variety of
situations. It needs no argument, that the implicit knowledge on the role of designers never will
be the same for designers and non-designers. It also implies that others know (either implicitly
or explicitly) what designers contribute in teams in specific situations, of which the designers are
fully unaware. These considerations concern the implicit, but explicable level of knowledge, and
will be addressed by means of interviews (3.4). The deepest level of knowledge, the tacit
dimension that cannot be expressed verbally, can only be accessed by observing the practice. It
was not the objective of this first step of the inquiry, yet understanding the interviews required
additional interviews and observations in order to grasp somewhat the nature of tacit dimension
(A1.5).

1.2

Method
This study is exploratory as it aims to provide tentative propositions, a ground for further
inquiry, rooted in practice. A case study approach is the preferred research strategy when a
study is exploratory and the focus is on a real-life phenomenon (Yin 4th ed. 2009; pg. 5 - 14). It
aptly can be named a revelatory case study (Yin 4th ed. 2009: pg. 48 - 49). The unit of analysis is
on NPD teams, as the subject of this study is what designers contribute in teams. Within the
context of Océ the notion what a NPD team is differs. I defined a NPD team as people who
dynamically interact to a shared goal; hence NPD teams are not constricted to (internal)
organizational boundaries. NPD teams include people from R&D, Marketing, Planning,
Production and so on who are assigned to a project team to develop a product.
As it is conducted within one (part of) organization, it is a single case study. Yin warned that
these kind of case studies are vulnerable to misinterpretations (Yin 4 th ed. 2009: pg. 52), but two
rationales justify its utilization. First of all (1) this study is merely a stepping stone for further
inquiry: it is not considered a complete study on its own. Second, empirical studies on the
8

contribution of designers are rare, let alone on embedded designers in teams. This study aims to
provide insights in matters on which empirical research is lacking. It must be noted that the
insights of this study can particularly be allocated to the interviews conducted with stakeholders
of Océ Design. The dataset includes next to these interviews also (Yin 4 th ed. 2009: pg 102):
formal documentation like organizational charts, books, role descriptions, project manuals;
documentation like presentations and reports; and (participatory) observations by means of
journal notes (see chpt. 5).
Secondly, (2) the data is always analyzed with several external and internal co-researchers,
whereby triangulation was performed both regarding data as regarding researchers (Yin 4th ed.
2009: pg 91 – 94). In total 3 colleagues of Océ and 4 external researchers participated directly in
the analysis. The insights inferred were reviewed with 3 more external researchers (of IDE Delft).

1.3

Chapter

Internal co
researchers

External co
researchers

Reflections on
organizational context

Appendix 1.3

IR 2 & 3

ER 4

Internal stakeholders
analysis

Appendix.1.4

-

ER 1, 2 & 3

Additional observations
& interview s

Appendix 1.5

IR 1

-

Reflections on entire
case study

Appendix 1.6

IR 2 & 3

ER 4, 5, 6, 7

Reflections on the context
The organizational context is already discussed in chapter 1.1. Below are the reflections
described as a result of discussions with my co researchers. The characteristics (see also chapter
1.1) discern Océ from many other companies, but several of these characteristics apply to the
business Océ is in. The technological complexity results in multi-site development and
collaborations throughout the printing industry, and the related issue of knowledge integration
in the printing industry inspired well known publications (e.g. Cooke & Brown 1999, Brown &
Diguid 2001, Chesbrough 2003). Likewise, a seminal publication in the realm of usability also
has its origins in the printing industry (Suchmann 1987). But regardless whether these
characteristics are typical for Océ or for the printing business: it impacts the nature of NPD and
it why ‘design’ is deeply embedded in the NPD organization of Océ. The technological
complexity makes it impossible to truly oversee a project at any given time. The NPD
organization deals with this uncertainty in several ways:

A deference to expertise.
Responsibilities are delegated downward to employees. It is based upon the assumption
that a specialist in a specific context knows best what to do, and not an 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;
thereby creating their ‘own agenda’.

A reliance on prototypes.
During the NPD project a range of prototypes are built in which all constituting parts,
modules and software come together into one integrated prototype, to validate and verify
the state of affairs at product level. In time the prototypes transcended from laboratory-like
and fragile to production prototypes. But always providing a state-of-the-art insight of the
entire and integrated team effort..

A cyclical development.
The management of NPD projects is modelled into milestones, a linear approach. In fact the
development is cyclical, whereby a rough and generic design transcends in a range of cycles
eventually in a set of highly detailed specifications. Interestingly the construction and
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1.4

testing of the integrated prototypes provide the natural heartbeat of a NPD project. All
critical stage gates that need to be passed are supported by a specific level of integrated
prototypes, which synchronizes the formal milestones and the natural rhythm of NPD.
Embedded Designers
Developing printers is demanding, so in the Océ context in time designers became fully
embedded in these teams. They adapted their methods, planning and tools to fit within this
context; their contribution became transparent to other team members at any given
moment. 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 within the teams and organization. Secondly ease of use is considered business
critical for differentiating Océ products from its competitors. This has its origins in both the
B2B context of Océ, but also as a result of commercial successes of innovations in the field
of usability. And although it is considered ‘soft’ and therefore permanently under strain, it
shapes the relations with designers and usability researchers in Océ. Designers of Océ
Design are, amongst others, considered ambassadors for users and usability. Particularly
because ‘users’ are not the focal point of planners, marketing and sales. Hence, designers
are involved in many different topics, in which usability or user experience are some way or
other at stake.

An internal stakeholders analysis
A second source of data for this case study, is provided by means of interviews of relevant
internal stakeholders of Océ Design. Internal stakeholder are those who participate with, affect,
or are affected by decisions and practices of designers. They have distinct roles, organizational
positions and therefore distinct interactions with designers. Hence, the internal stakeholders
within Océ will have different views on the (explicit and implicit) role of designers; what
designers do and what the contribution is on teams. The aim of this section is to explicate the
implicit knowledge that resides within the organization, the middle levels in figure A1.2. The
diverse stakeholders collaborate with distinct design specialisms. I decided not to focus on the
role of ‘designers’, as this inevitably would articulate of the differences of the design
specialisms. Instead, focus is on the value of ‘Océ Design’, that refers better to the broader
definition as used within this thesis (chp 1). The main research question is: how do the different
internal stakeholders of Océ value the role of Océ Design?
The main advantage of interviews above other data sources, is that it is targeted (Yin 4th ed.
2009). It focuses on the research question at hand, let the respondents make causal inferences
and is relatively swift. However, the disadvantages are that it is prone to bias due to poorly
constructed questions, and to ‘saying what interviewer wants to hear’. Consequently, I decided
to have an external interviewer, a master student of IDE. This section is based on a stakeholders
analysis performed at Océ in 2008, a graduation project of a master student of IDE (Valencia
Cardona 2008). Most interviews were conducted by this student, and analysis and coding was
done together with 2 external researchers (of IDE Delft).Also, discussing design in general easily
could lead to shallow and overly generic reflections. Or that due to poor recall relevant matters
are forgotten. We decided to frame a range of interviews by means of 2 finished projects that
were launched before the interviews, and in which designers had a significant role, at least
according to Océ Design (see example 4). These projects enabled to discuss the contribution of
Océ Design concretely. To confirm and reflect on the findings 2 feedback sessions were
organized, with the manager of the design department and with a group of R&D employees
including designers.
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Example: Comparing two midlife kicks
The two projects that are chosen are so called ‘midlife kicks: the TDS100 and TDS700 from the
wide format printing systems (WFPS) portfolio. Midlife kicks are updates of already existing
products. The emphasis on design is relatively high for midlife kicks, as there are less
technological concerns to deal with, yet the product need to look and feel ‘new’. However, these
projects vary in considerably: the TDS100 is more or a less a stylistic change only, whereas the
second had major changes in underlying functionalities to truly revise its profile, above all when
it comes to usability. The discussions to the value of Océ Design will be due to the nature of
these products implicitly directed towards product and interface design. It is expected that the
role of Océ Design can be easier discussed with such products than with products were their role
is less evident.
The two projects are part of one product family, so that the participants all knew them well and
could compare. Although both projects belong to the same product family and have a similar
product language, one of them, the TDS100, is not performing commercially as expected. The
fact that such performance is already known by stakeholders allows a free discussion on the
determinants of success, and a focus on the Océ Design contributing to good product
performance. Another, trivial reason to choose these projects, is because these projects were not
designed by me, nor was I involved in any way. As this case study is only retrospective, not
including / comparing with a journal or video analysis like for the ORE case, it was considered to
take a more objective stance.
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1.4.1

Sampling, data gathering and analysis
The sampling of participants for the interviews was deliberately chosen: all participants had
responsibilities within the projects at hand and / or the resulting products, yet operate on
different levels of the organization and within different departments (see below). In the table the
role of the stakeholder is depicted, his hierarchical position and whether he was part of the
chosen NPD project teams personally, or merely a stakeholder. In the last column the past
interactions with Océ Design are recaptured. This depicts whether someone had many
interaction with employees of Océ Design or not. This is related with past positions in the
company, e.g. both the vice president of engineering and of business development occupied
roles as project leaders and ‘total function’ leaders (see 3.3.2), whereby they interacted daily
with designers. Considerable effort put into arranging all these interviews in time, despite
managerial level. In total 12 participants were interviewed, in a period of two months. One
participant showed he had few knowledge on the process, as he joined relatively late; as such 11
interviews were used.

Part of NPD
team of TDS
100

Part of NPD
team of TDS
700

Past
interactions
with OD

Managerial
level

Project Leader

yes

yes

many

Employee

Strategic Planner

yes

yes

few

Employee

Product Manager TDS100

yes

no

moderate

Employee

Product Manager TDS700

no

yes

few

Employee

Product Designer

yes

yes

-

Employee

Manager Océ Design

no

no

-

Management

Manager Mechanical
Engineering

no

no

moderate

Management

Vice President New Product
Development

no

no

many

Senior
management

Vice President Strategic
Planning

no

no

few

Senior
management

Vice President Mechanical
Engineering

no

no

many

Senior
management

Marketing Manager

no

no

few

Senior
management

Interviews
The interviews were semi-structured with open-ended questions, and had a conversational style.
The interview protocol was set up in order that interviewees could elicit both the perceived value
of the role of Océ Design, and also perceived success and fail factors. Two pilot interviews were
conducted to improve the interview protocol; and also to train the graduate student. It included
the following sections:

Explanation: of goal of interview

Warming up: this part concerned questioning what the stakeholder is responsible for, what
his/her interest was in the specific project, what interaction he /she has with other
stakeholders and a generic view on the contribution on Océ Design.

Project specific: this part concerned an in-depth discussion on the chosen projects and the
contribution of Océ Design. Firstly (1) the involvement, goals, deployed activities of the
12

interviewed stakeholder with the project were addressed, and also his interactions with
other stakeholders. Secondly, questions on Océ Design were put forward: what were the
perceived goals; what is achieved; what were the pitfalls? Also the differences between the
projects were addressed, and the relation to larger project and / or organizational aims.

Closing: in the last section reflective question were asked. What success- or fail factors are
most important? What could have been done better? Is something forgotten?
All interviews were recorded, transcribed and checked within days after the interview. In the first
interviews it showed that the interviewer sometimes found it hard to grasp what was said and
ongoing feedback was provided in order to enhance interview skills. Generally speaking,
interviewees felt (remarkably) free and confident making positive and negative remarks without
hesitation.
Data analysis procedure of interviews
As stakeholders used their own context specific jargon, interpretation is a difficult barrier for
understanding / comparing the interviews. Therefore the interviews are coded, and a team of 4
persons were responsible for the coding: apart from me and the graduate student also 2
external researchers of IDE. For the coding two framings are used: roles and goals. With roles is
referred to the expectations and perceptions of the daily activities of designers; with goals what
the expectation and perceptions are of underlying aims. As the aim is to find revelatory insights,
a data driven protocol for coding is developed. On the base of the first interviews, a preliminary
coding scheme list is obtained. Transcripts from the interviews were provided to each team
member, in order to be familiarized with content and context. The amount of identified roles
and goals surpassed the expectations; and therefore it is considered that creating categories will
facilitate the classification and interpretation of data. A full day is spent to discuss this data and
the best fitting classification. Based on these preliminary coding and classification scheme, 3
interviews are coded and discussed with the entire team once more. This evolved into the final
coding scheme. All interviews are coded accordingly by the interviewer, and checked by me.

1.4.2

Findings
In total 19 roles of Océ Design are identified that are divided into 7 categories. It is sometimes
hard to strictly identify an utterance to a specific role, as it fits more than one. Hence categories
are introduced. These roughly discern two groups: product related roles and support related
roles. The former concerns aspects of the intended product as a result of a NPD project, and the
latter are those activities of designers that contribute NPD processes directly or indirectly, and /
or impact decision-making. In the table below the roles are shown according to the categories on
the left side. In the table is depicted what roles are discerned in the interviews per stakeholder. It
does not concern the number of utterances related to a specific role: it is well possible that e.g.
someone discussed one particular role in at great length, and another merely mentioned it in the
sideline of another topic. In both cases the role is identified. On the right side the total
occurrences of a role is mentioned, and also the total of occurrences per category. Below the
number of roles that are mentioned per stakeholder are depicted. This provides a notion of what
the most acknowledged category of roles are according to stakeholders. Also 22 goals of Océ
Design are identified, divided into 4 categories (Valencia Cardona 2008). However, this
distinction between roles and goals retrospectively felt artificial: interviewees did not explicitly
makes this distinction and we found it hard to discern these highly interrelated aspects in the
coding. The question is whether it is possible to discern goals and roles after all: the goals of
people shape what they do, and reversely what people do and learn shapes their goals. For this
case study therefore only the findings on ‘roles’ are discussed. The findings on ‘goals’ effectively
underscored the findings on ‘roles’.
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OD Manager

VP New Product Devel.

Manager Mechanical Eng.

Project Leader

VP Strategic Planning

Product Designer

VP Mechanical Eng.

Product Manager TDS700

Product Manager TDS100

Marketing Manager

Strategic Planner

Total

Perform user testing and validation

1

1

1

1

0

0

0

0

0

0

0

4

Represent the user in the NPD process

1

1

1

0

0

1

1

0

1

0

0

6

Facilitate physical ease of use

1

1

1

1

1

0

1

1

1

1

0

9

Facilitate mental ease of use

1

1

1

1

1

0

1

1

1

1

0

9

Defining Product
Appearance

Guard visual coherence in the portfolio

1

1

0

1

1

1

0

1

0

0

0

6

Shape the product language of products

1

1

1

1

1

1

1

1

1

1

1

11

Guard Costprice

Balance product cost

0

0

1

0

1

0

1

0

1

0

1

5

6

6

6

5

5

3

5

4

5

3

2

Support roles

Product roles

Defining User
Experience

17
5

Information
Management:
monitor and
disseminate
know ledge on:

Competitors

1

0

0

1

1

0

0

0

0

0

0

3

Market trends

1

0

0

1

0

1

0

0

0

0

0

3

Societal trends

1

1

1

0

1

0

0

0

0

0

0

4

Design w orld

0

0

0

0

1

0

1

1

0

1

0

4

Communication
Support

Translate complex information

1

1

0

1

0

1

1

0

0

0

0

5

Visualize project goals

1

0

0

1

0

1

0

1

0

0

0

4

Influencing
Process
Balances

Stimulate discussion betw een departm.

1

1

1

0

1

1

0

0

0

1

1

7

Co shape project goals

1

0

1

0

0

1

0

0

0

0

0

3 16

Integrate stakeholders demands: design

1

1

1

0

0

0

1

0

1

0

1

6

Support devel. of marketing programs

0

1

0

0

0

0

0

1

0

0

0

2

Facilitate the sales pitch in the design

1

1

1

1

1

1

1

1

1

1

1
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Facilitate transition: NPD to market pos.

1

1

0

0

0

1

0

1

0

0

0

4

10

7

5

5

5

7

4

5

2

3

3

Guarding Sales
Proposition

Product related goals
These concern the ‘usual suspects’ of designing; like usability, product experience and
appearance. These product roles were divided into three categories.
Defining User Experience is the category most mentioned. Four roles are mentioned related with
user experience, including (1) representing the user in the NPD process; (2) designing and
assuring both (3) the mental and (4) physical ease of use of the Océ products; (4) and validating
this by means of user testing. In brief, Océ Design is considered the department that is
responsible for the definition of the user experience and translating into product attributes.
“The ease of use, the perception of productivity... of course there are a lot of technical
aspects on that but also a lot of user interaction aspects where the Océ Design group really
provides the domain knowledge and impact”. (VP Mechanical engineering).

14

28

14

9

Ease of use is not just referring to providing ease of use to users: it is also associated with
reducing the product failures as a result of incorrect usage. Within the case study projects this
aspect of user experience is well addressed according to the stakeholders. It is perceived crucial
in the success of one of the projects in the study.
“There's never a second opportunity to give a good first impression, so and the first
impression people get is the way the product looks like, second impression is the way it
works, third impression is does it really do it is a sustainable way? And those first two are
key because if a customer or potential customer views the product you come and walk and
say WOW! (..)both the exterior aesthetic element as well as well as the behavioural element
have been pretty well received and were strong in the concept of the TDS700, and therefore
contributed to the success..” (Strategic planning manager)
Defining Product Appearance: this is mentioned by all interviewees. It includes (5) shaping the
product language of new products in a contemporary way, and (6) guarding visual coherence of
products across the portfolio. The latter concerns amongst others translating the brand values
into tangible product attributes.
“And secondly is the kind of coherence across our product lines (..) that you see across
these very different product lines typical elements that make you recognize it as an Océ
product.” (Manager strategic planning).
The internal stakeholders expect that Océ Design mediates the expectations of clients in relation
to functionality by means of the look and feel of the products. Or to differentiate an Océ
products from its competition. All in order to either enhance the sales level. Interestingly a
distinction is highlighted by some between defining appearance in order to support the sales
pitch, i.e. to highlight unique features and characteristics; and defining appearance in order to
ensure aesthetically pleasing products. These two things not necessarily are in line. The project
leader hoped for a design language that would communicate sturdiness, and not necessarily an
aesthetically pleasing product.
“So we said, when we re-launch, we have to enforce that image that is already there.
And we said to the industrial design department, try to make a design, or communicate the
message of reliability, of robustness, so that was the start of thinking of product design of
the TDS700. (Project Leader)
Similarly, some stakeholders considered that Océ Design could probably more focus on
mediating the client's expectation. They reflected that usability sometimes has too much the
focus of Océ Design, ignoring the sales moment. Also, the expectations moderated by this
appearance needs to be balanced with the functionalities offered. Several stakeholders reflected
that one product in the study, the TDS 100, actually suffered from this unbalance. The look and
feel incited expectations of newness and innovation, whereas in reality the product was a midlife
kick without much functional enhancements. The enthusiasm vanished, first at sales, but later
also at resellers.
“Let's say: the content is not sufficient for all our direct sales people, who have to tell
the story... Only the product design, we now know, that they [sales] have nothing to tell
about techniques [technology], that's too less...(projectleader)
Guard Product Cost: shaping the appearance of products is perceived by some to have a high,
negative impact on cost price of products. Océ Design should contribute to NPD projects in (7)
balancing the costs; not merely developing particularly stylish products influencing the
development and manufacturing process, and exceeding the budgets established. Implicitly it
was framed as a pitfall related with Océ Design: what designers do is associated with higher
product cost and therefore should be balanced appropriately. Designers should be careful, but
also the balance with other roles inside a NPD team is crucial.
“I think the balance between these two was not good at the time, I think he [project
leader] was willing too much industrial design (..) So they should've pushed back a little bit
more in the beginning.. (strategic planner)
Support roles
The support roles associated with Océ Design were categorized in 4 categories, that will be
discussed below.
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Information Management is a category that concerns the contribution of Océ Design in the
acquisition, of external information, and the combination and dissemination of this knowledge
inside NPD teams and organization. It includes information on (8) market and (9) competitors,
(10) the realm of designing and also (11) larger societal trends. This latter is surprising, and
does not concern defining what specifications a product must have; but concerns monitoring
larger societal trends, subtle changes in the world of the clients.
“.. I think what the design department is good in is at detecting changes in the
customer perception towards products. (..) it has to do with knowing the customer from that
type of perspective. So not the type of perspective (..) of specifications, but what are the
other things besides the specifications. (..) for instance we now see that customers are
choosing products based on their eco-performance (..) They [designers] were the first to
observe.” (Vice President Engineering)
This reliance on designers on monitoring subtle yet important trends, is based on
acknowledging that designers have a profound concern in client perceptions and expectations.
Several mentioned that the design department actively seeks client contact, and therefore can
indicate what matters.
Communication Support concerns that Océ Design facilitates in some ways and moments the
internal and external communication around products, projects and processes. It is firstly about
(12) interpreting and translating complex information in order to communicate easily to others
inside or outside the firm. Secondly it is about (13) visualizing the intended outcome of a NPD
project, by means of drawings, demo’s and models of the product. It is mentioned that
designers are skilled to visualize complex, ambiguous or equivocal information to others,
whether it concerns technology, markets or projects.
“Actually one of the things I learned is that industrial design is really good at
translating concepts or processes into something presentable. One example (..) was the
development of a strategy road map by a group of experienced developers. The designer in
that group had a great talent to translate my ideas: in my mind the process was clear, but
it was pretty difficult to explain briefly how the process works. He was able to make one
sheet of it and when I saw it I immediately used it for the presentation to the shareholders
meeting.” (Vice President Engineering)
Explicitly the boundary between R&D and marketing is mentioned several times. Océ Design
facilitates the transfer of knowledge in later stages of a NPD project, when the commercialisation
starts. This process is considered a difficult process.
Hereby not only the visualizing skills are mentioned; their abilities to talk with different
knowledge domains is also mentioned. Designers are apparently more capable than others to
grasp both world.
“....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. (..) People from the
design department are very important for the communication from research to the other
units we have, and not to the units of manufacturing and logistics, but to strategic
planners, marketers and sales.” (Projectleader 1)
Noteworthy is that the projectleader makes clear that this is not the only barrier that exist and in
those others (e.g. manufacturing) designers are not contributing.
Influencing Process Balances, the third category of support roles, is related to this bridging
qualities of Océ Design, but highlights another dimension. Whereas the aforementioned group
discusses communication, this group pinpoints balancing content. This category includes (14)
stimulation of discussion amongst departments and amongst NPD projects. NPD projects are
somewhat self-centred, and Océ Design is considered to bridge knowledge between projects,
and evoke discussions. Not just in relation to appearance and user interfaces, but also in relation
to e.g. product stories. Also (15) Océ Design is considered to contribute shaping project goals.
The acknowledged skills of Océ Design in relation with representing the user, and understanding
user needs and expectancies, makes them a valuable partner in the conceptualization phase by
providing ‘clear’ ideas on what might be possible:
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“You need the kind of vision: what are the trends, where should we go. I think the
design department is helping there, (..) What they 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 (16) Océ Design is considered to be capable to integrate demands of other stakeholders in
their work; consider aspects as cooling of internal parts. Cost price and lead time are often
mentioned. Intriguingly, some stakeholders are aware that the activities of designers, or their
artifacts mediate dialogue and discussions amongst other disciplines and departments. They
intentionally use design activities and artifacts for specific kind of discussions. Below a
stakeholder reflects how someone took him to see a demonstration of a user interface panel that
was not implemented. He is enthusiastic, and reconsiders the balance of time to market and
innovativeness, by means of seeing what could have been possible. The designer at hand most
likely was unaware of the underlying aims that lead to this visit..
“Perfect example... about three months ago [name of person] (..) she's a project
manager, and we were over there looking at some of the product developments. We stopped
at industrial design, (..) he [designer] developed the colour customer panel and it was in
colour for the first time, he showed how he interacted with it and that was really..
awesome! Strategic planning was against it just because of time to market, if I could have
got that built into the original specifications it would been part of it today and (..) it would
have been a huge difference.” (Director of marketing)
This category discerns roles that are not explicit aims of the designers but an appreciated and
latent role that affects the development of products and the interactions between stakeholders.
Guarding Sales Proposition is the fourth category of support goals. Actually the roles in this
group are both supportive and product focused, as the roles concern helping eliciting the value
of products to customers and users. The interaction between the Océ Design department and
other functional areas, such as Marketing and Sales, is tenet for the execution of these tasks.
The first role that is discerned was (17) facilitating the sales pitch by mean of product design. It
refers to skills that enable to elicit the inherent commercial qualities in product in development.
At one hand it is expected that Océ Design understands what product story should be
communicated and is skilled to translating this in tangible and visible features:
“You have to use this design to strengthen your message. If you say we have now new
technology and “bla bla bla”, the outlook has also [need to be] in line with it, design has to
strengthen the message. you have to team up together. You cannot introduce a thing with
an old fashion user interface or something that looks like 10 years ago.” (Product manager
1)
At the other hand it is acknowledged that Océ Design helps NPD teams in articulating these
product story outside the realm of product- and or interface design. It concerns framing and
discussing with others what product features matters. The specific framing from a user and
product perspective of a NPD project is considered valuable. The second role in this category is
(18) supporting the development of marketing programs. Océ Design, sometimes implicitly and
sometimes explicitly, participates in creating marketing programs in the commercialization
phase. It mediates the articulation of this ‘story’ of a nearly finalized NPD project. This ideas are
developed in collaboration with other departments, sometimes intentionally:
“One guy from my department works together with the project managers, and sales,
and training, together what we call the story around the ColorWave, thus: how we will
present the story in the market...That is what we do with sales. (Océ Design manager)
This support role is not only addressed by the Océ Design manager. The projectleader also
referred to this role, which seems to be related to the aforementioned bridging qualities, and to
the visualization skills of complex information.
“ This is one of the biggest technology developments we did in the last 10 years... it is
fantastic what people made, but...How do we tell it as simple as possible to our colleagues
from marketing and sales so they can understand (..) what fantastic technology was made.
And he [designer] made (..) let's say a kind of animation were you can see, the ColorWave is
working! As simple as possible, you can tell it to you mother... and that's the guy from
industrial design..(projectleader)
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The contribution to the development of marketing programs, also facilitates the last role in this
category: (19) the transitioning from product development within R&D to product positioning. It
is named several times the creation of the ‘story around the product'. It bridges technological
features and commercial needs; put simply it is about what in a product appeals to customers
and users and why. Océ Design is considered to be a proficient partner in NPD teams for
articulating the ‘product story’, above all for bridging marketing and R&D. It is well appreciated
by some stakeholders.
“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)
The differences in perceived roles amongst stakeholders
How the contribution of Océ Design is perceived, differs considerably amongst stakeholders.
This will be discussed in two perspectives: (1) the position of the stakeholder within the
organization and (2) the shared working history of stakeholders with Océ Design. Concerning
the position within the organization, all stakeholders agreed on the contribution of Océ Design
to the commercial success of products, but some have a more user oriented approach, whilst
others have a customer oriented approach. Stakeholders of marketing and strategic planning
underscore the contribution of Océ Design in the sales pitch, by discussing at length the
relevancy of articulating product features and technological highlights by means of appearance
and in the user interface. The ease of use of products is framed in a commercial perspective
rather than a human centered perspective of enhancing the experience of the users.
“..The industrial design aspects should be much more focused on the sales moment to
communicate the message of the product for sales, and that is also related to the user
interaction aspects (..) if it doesn't aid my sales it doesn't bring any benefits except cost.”
(Portfolio Manager)
On the other hand, stakeholders working within R&D (i.e. mechanical engineering department,
project leader, VP new product development), argued that user satisfaction by means of ease of
use and ergonomics is important for the success of products in the market. They had a
perception on the contribution of Océ Design beyond the sales pitch, highlighting the value of
ease of use in long run for Océ. These differences between stakeholders show their role related
interests. Also the hierarchical position of the stakeholders within the organization shows
distinctions in the perceptions on the contribution of Océ Design. Interestingly senior managers
articulated the often unexpected support roles of Océ Design, highlighting the impact on
organizational processes. This included monitoring and disseminating information in the NPD
organization, stimulating discussion amongst departments and projects; and translating
complex information. Lower ranking stakeholders framed the contribution more in the
perspective of the outcome of a NPD project, and the impact on their work.
Another way of considering the contribution of Océ Design, is by means of their past
experiences with Océ Design. In the table below this is depicted, whereby the designer is left
out. What can be noted is that people who actively collaborated with designers perceive more
distinct roles of designers. This firstly (1) shows that the implicit knowledge on the role of
design (figure A1.2) indeed increases when collaborating. Whereas stakeholders with few
interactions describe often generic notions on the role of designers (like product appearance,
ease of use and the cost enhancing impact), people who collaborated directly with designers
perceive more and often unexpected roles, like disseminating knowledge on societal trends or
enhancing discussions amongst departments. Secondly (2) it shows that roles and activities of
persons deploying a role mutually constitute each other (3.1): by means of the activities of
designers stakeholders who interact learn about the impact of these activities, resulting the
implicit role is articulated and eventually even formalized. In a way this table underscores the
doubtful situation that incited the inquiry in this thesis. Embedded designers, like myself, are
accustomed to these implicit roles, but only become aware of these whilst collaborating with
those who do not share this understanding of the role, as the implicit role is interwoven in the
social reality the designers co-created before.
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1.4.3

Past
interactions
with OD

Number of
identified
product roles

Number of
identified
support roles

Strategic Planner

few

2

3

Product Manager TDS700

few

3

3

Marketing Manager

few

3

3

Vice President Strategic Planning

moderate

5

5

Product Manager TDS100

moderate

5

2

Manager Mechanical Engineering

moderate

6

5

Project Leader

many

5

5

Vice President New Product Developm ent

many

6

7

Vice President Mechanical Engineering

many

6

5

OD m anager

many

6

10

Feedback sessions
This section was aimed to discern the implicit knowledge on roles that resides within an
organization (fig. A2), and also to highlight what others know what designers do inside teams
and organizations of which designers are unaware. The product related roles are in line with
expectations, as e.g. can be found in the role descriptions. But the support roles that are
mentioned show that implicitly more is expected of what designers contribute inside teams. The
number and latitude of roles that are identified exceeded the expectations of the researchers.
But also of Océ Design itself, which manifested in the feedback sessions with the manager of
Océ Design and later the employees of Océ R&D; for some these surprises were perceived rather
negatively. What was unexpected?
Firstly (1), the reliance of stakeholders on Océ Design to be perceptive of larger societal trends
surprised many. This reliance of the company on designers on monitoring subtle yet important
trends, is based on the interest of designers into client perceptions and expectations. Several
mentioned that the design department actively seeks client contact, and therefore can indicate
to the organization what matters. This was considered valuable in the conceptualization phase when project plans are made. But in the feedback it was also cynically mentioned that
“Océ Design develops pastimes that sometimes happen to be valuable.”
These two views value rather differently the same phenomenon: Océ Design has an inclination to
look at trends outside the formal programs and outside the R&D compound. It echoes a theme
that is put forward on design driven innovation, in which designers are framed as interpreters of
larger socio-cultural models (Verganti 2008).
Secondly (2), a large number of roles are mentioned related with the bridging qualities of Océ
Design between departments, above all between marketing and R&D. Several interviewees were
aware that bridging R&D and marketing is not easy. This is not unusual as backgrounds, aims,
and culture of these departments represent often a watershed within companies (see e.g.
Dougherty 1992, Griffin & Hauser 1996, Veryzer 2005, Kleinsmann 2006). But the interviewees
were aware that designers have bridging qualities, e.g. because of their educational background;
and rely on it. Within the case 2 phases in the NPD process are mentioned: to begin with the
conceptualization phase. Designers perform client visits for inspiration, thereby actively seeking
support and consultation at marketing and planning. This provides input for early phases in
projects that is appreciated, but not a formal role of Océ Design. And also the commercialization
phase is mentioned, even at great length by some. In this phase the knowledge on what R&D has
developed, needs to be transferred to marketing and sales. Designers are apparently better
capable than anyone else to understand both worlds, the world of “fantastic technology” (project
leader), and the world of commerce. This capability to translate or explain something complex
across disciplines “as simple as possible, you can tell it to your mother”, echoes insights on
enablers for collaborative development and the transition of knowledge in NPD (Kleinsmann
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2006, Kleinsmann 2008: pg 379). A capability that was well appreciated as this boundary is a
difficult one.
Thirdly (3), many (including some designers) were taken aback with the findings of the
interviews, as the feedback session showed. There was criticism of both product –and interaction
designers on the perception of internal stakeholders that ‘design’ impacts the cost price of
products negatively. And also that usability is somewhat overshadowed by product appearance.
These 2 points touch on sensitive topics in the world of designing at large. That usability
remains somewhat concealed, largely can be attributed to the choice of the subject of the
interviews: in these NPD projects appearance was an important topic.
Fourthly (4), and particularly of interest is that some felt at unease with the relative large number
of roles that are named next to what the designers themselves considered the main contribution
of designing, like usability, product appearance or branding. If Océ Design has to fulfill all these
expectations, helping others and other departments, then the quality of usability or product
appearance could suffer. Emotional debates on this topic even culminated into a limited
circulation of the report within Océ. This resembles an indication on the role of designers in
multifunctional teams by Perks et al (2005: pg. 120) “that some designers prefer to remain pure
to their function.”
Fitly (5), and also a grievance, is the unexpected outcome that the mock ups or user interface
concepts sometimes serve fully different aims than those of the designers. That other team
members and / or stakeholders view the artifacts of designers, has sometimes nothing to do
with e.g. the aesthetics or usability as such. The artifacts apparently provide information that
cannot be addressed in other ways. For instance, the project leader deliberately made use of
these designerly artifacts, in order to make checks with other departments outside R&D. This
interest was also recognized by the Océ Design manager in the feedback session:
“There was this struggle between a project leader and a designer about building a
mock up (..) the designer did not have any intention to built such a mock up as it would cost
much time. The project leader really escalated the issue (..) It took me some time before I
understood why it was so important for him, he actually needed something a sort of
contract with the business unit.” (Océ Design manager)

1.5

Additional data
The results of the interviews bewildered both researchers and designers at hand. Also because
the bridging qualities of designers and / or their artifacts are sparsely mentioned in literature.
Perks mentioned that if designers are part of multidisciplinary teams, activities of designers were
“dominated by communication and interfacing activities”. It is also found that activities of
designers badly fit the traditional organizational boundaries like marketing and R&D,
highlighting that designers interact significantly with both (Walsh 1996 / 2000). However, the
interviews nor these studies gave hardly insights in what the underlying mechanisms are. Also,
the interviews concerned only two projects, with a specific character (a midlife kick of existing
products). Hence, I decided to gather more data, dedicated for understanding what constitutes
this bridging capacities. These data sources are used in the results.

Three additional interviews were conducted with 2 project leaders and 1 marketer of
ongoing projects. The focus is on two specific phases in the project: the conceptualization
stage and the commercialization phase. These projects were on the verve of commercial
release. As these interviews aimed to understand the subtleties in specific stages of
projects, I decided that an ‘external’ interviewer was not appropriate: the language, jargon
and meanings can only be understood by someone who is knowledgeable. The additional
interviews were conducted by me, together with another employee of Océ Design (a
usability researcher). Hereby roughly the same protocol was used, though interviews can
best be considered a open dialogue. These interviews were transcribed.

Presentations of product designers of some ‘best practices’. These were developed in same
period to share insights amongst designers. This concerned personal reflections on the
development of persona’s, intelligent usage of mock ups, contribution to the development
of a product concept; and contributions to technological roadmap development.

My observational notes I was gathering during this entire inquiry (see chpt.5).
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1.6

Results
The aim of this case study is to provide fruitful direction for further inquiry, on the question
what, how and why designers contribute to NPD teams, if they are embedded. To begin with, in
the case study the underlying motives why designers are embedded in the Océ NPD organization
are laid bare. The complexity involved for developing printers implies that knowledge is
distributed in the sense that it is radically indeterminate and uncertain, lacking “the cognitive
equivalent of a ‘control room" (Tsoukas 1996/2005: pg 110). The NPD organization deals with
this uncertainty among others with a deference to expertise and organizing large and
multidisciplinary NPD teams in ‘one room’ as far as possible. It relies on a cyclical, rhythmic and
converging process of developing, prototyping and learning. Designers are considered part of
these team, like any other discipline, and part of this cyclical process. It is considered impossible
for teams and designers to do it otherwise due to the inherent troublesome nature of
multidisciplinary work.
Besides, the company considers usability a key value for discerning its products in the market.
But it is acknowledged that marketers or planners are focused on the client, who is not the user
for Océ products. Océ Design is among others considered to be the ‘ambassador’ for users, user
experience and usability inside the NPD organization, a situation that is different than what can
be observed in other organizations (Gulliksen et al 2006, Van Kuijk 2010). The implications
concern both what designers do, and what others expect of designers. What designers inside
NPD teams of Océ do, changed considerably as an effect of the embeddedness. Designers
adopted processes, tools, planning and so on to fit these teams and to synchronize their
contributions. Also the aim of Océ Design changed, it is more on usability than on e.g.
aesthetics. And in order to deal with the complexity they are part of, designers ‘stay’ on projects
for long periods, sometimes spanning years. The acknowledged downside of this development
on the role of ‘embedded designer’ is a loss of consistency across projects, and disconnection of
designers from their occupational context (Stompff et all 2008). What others expect of designers
also changed as an effect of the prolonged embeddedness. Stakeholders in the NPD organization
know what designers contribute to processes and teams. Also they become aware of what
matters to designers, beyond what designers themselves know, resulting in disputes when
gathering feedback. Some of the findings in this case can be explained by the occupational
interests of designers, like making sense of larger social-cultural trends. Similar findings are
mentioned in the context of designers as consultants (Verganti 2008, 2009). Also the perception
that the contribution of designers increases the cost price of products is widespread, e.g.
underlying studies that aimed to prove that design is valuable (Walsh 1992; Gemser & Leenders
2001; Platt, Hertenstein and Veryzer 2005, Candi et all 2010). These findings likely have nothing
to do with the aspect of designers that are embedded within NPD teams. Yet three fledgling
insight are revelatory and seem to be related to the embeddedness of designers, and as such
provide a fruitful direction for further inquiry. These are discussed below.
Enhancing ‘shared’ understanding on content
A pattern that emerged is the contribution of designers on enhancing the understanding in
teams and even across organizational boundaries, on what the content of the NPD project is.
Team members, as a result of activities of designers, seemed to understand better what the
intended product was, effectively enhancing collaboration. In everyday language, this is often
referred to as ‘shared’ understanding, as team members are capable to align their individual
activities effectively as a result of their enhanced understanding, which hints at an
understanding which is shared, i.e. joint, common. The problem is that ‘shared’ understanding
is an elusive construct under which a minefield of epistemological problems reside. But for the
time being, it will the terminology of choice. Most apparent is that the artifacts of designers, as
sketches, demo’s or models are excellent exemplars of what the project is about. A project
leader was well aware of this and used both designers and their artifacts to construct a shared
understanding on what the product is about among stakeholders. He told that he needed to see
whether the aim of the project was understood and agreed on and refers to it with a ‘check of
mindset’.
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“So I went to customers and I read reports and that convinced me of the need of the
project. Then we started designing the product and after wards you get checks. We did a
check on the user interface, as an interaction designer gave a presentation (..) The product
designer presented a wooden model of the product (..) to our colleagues of strategic
planning and marketing but also to the directors of our colleagues. And with the feedback
we knew that our direction was the right direction. (Projectleader 1)
When he convinced himself the project seemed relevant, the designers helped him shaping the
intended output, visualizing both the interface and the product by means of models. These
outputs served as ‘checks’ with other stakeholders, to get feedback and to see if all could agree
on the project intentions. Interestingly, this is not one directional communication: project
leaders and designers have an active dialogue with each other and with others to frame what the
project is about. A dialogue, in which the contours of the intended product become clear by
means of iterations. The artifacts are used in discussions with others..
“We are still learning what the project is about, and the pictures the designer produces
really help to discuss this with all relevant parties. (...) We need to have a mock up (a 1:1
model of the product) as soon as possible, so that we can invite everybody around it, so that
everybody knows what we are doing in the first place”. (Projectleader 2)
A proficient project leader made explicit use of designers’ artifacts to construct a shared
understanding. He noticed that there was no shared understanding amongst senior management
and therefore his project was in trouble.
“In the workgroup meeting, they were not aware they had fully different perspectives
on what the project is about. X thought it was just about reselling (...),and Y, well, he
considered the only software we would add. It is not hard to understand we did not come to
agreements over there.” (Projectleader 2)
He organized an additional meeting, in which iconic sketches were presented I developed with
him together. The aim was to communicate several scenarios. This lead to an understanding of
project goals and limitations across R&D and marketing. Rather ironically, it also culminated into
ending the project few months later.
Eliciting the product story
It is often mentioned that designers have a skill to articulate and guard the product proposition,
verbally. However, this proposition has a different character in early conceptualization phases
and in commercialization phases. Whereas in the conceptualization phase it aims to explain what
it is that the team should develop, in the later stages it is about creating the commercial
proposition on the base of a (nearly) developed product. Within Océ these are both named the
‘product story’, and though it is often used, there are hardly documents referring to this inside
R&D. This shows it depicts a more or less ongoing dialogue ‘on the floor’: people talk about it,
thereby making sense of the ongoing development and often unexpected events. I define it as a
coherent and plausible narrative explaining what the product will be.
It is mentioned that designers contribute to creating a shared understanding of this product
story in the NPD teams; both in the conceptualization and commercialization phases. Thereby
they show bridging qualities between R&D and marketing. It echoes a finding of Wash on
designers inside organizations (1996 / 2000), that design badly fits traditional organizational
structures. It neither is confined within R&D nor within marketing. Hence, this explains that
designers easily bridge these departments within Océ. A product designer reflected that "(..) one
of the purposes of Océ design is showing which aspects within a project needs emphasis, in order
to create successful products...”. This skill transcends beyond the occupational interests of
designers. And also beyond their individual goals, resulting that it is acknowledged by others
inside Océ that designers are helping NPD teams in eliciting and framing the product story. This
skill is rather implicit, but several stakeholders acknowledged it.
“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).
Interestingly, it is not explicitly related to e.g. shared understanding between other departments,
as production, nor to other aspects like the process of performing NPD.
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The underlying mechanism: designating
A project leader recalled how his project started, and said with a mixture of wit and cynicism:
“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 or put in the spotlight. The problem was: nobody had a clue what we had to make,
what the story was, it was somewhere within those pages. Trying to put your finger on what
mattered was.... well...hard, to put it mildly. Then the designer made some nice looking
renders 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 problem they were facing was creating clarity about preferences within those 60 pages of
ambiguous information. Please note the subtle difference between ambiguity and uncertainty.
These are often used interchangeable, but not in this context. Uncertainty refers to situations
where a problem is felt, and whereby more information is needed. Ambiguity refers to
information which can be interpreted in more than one way, and is interpreted in more than one
way. In order to reach consensus it is possible that more information is required. But often more
information will not solve the problem of interpreting.To resolve confusion as a result of
ambiguity, means are required that enable debate and discussions. The mock up that a project
leader required of Océ Design, the “renders made on a Monday afternoon”, or the iconic
sketches of scenarios: these were vehicles to cope at team level with the ambiguous information
in a language understood by all actors. Basically this process is an indication process, to
designate ‘what the project is about’. Designating has the same Latin origins as ‘design’, namely
‘designo’. This means “to mark out, trace, plan; point out, indicate, signify; to portray; or
delineate”. (Baranauskas & Bonacon 2008). Designing seems to provide a vocabulary and
methodology for creating a shared understanding on what the NPD project is about.

In the interviews it became clear that unawareness of the potentialities the designers’ artifacts
offer, also involves risks. A project leader reflected on some overly flashy renders I made early in
his project. The aim of the visuals were to persuade a third party outside Océ it could be an
interesting joint project, but not truly depicting what product was possible.
“This artist impression that you made gave half the business unit a wrong impression
what they could expect. I suspect that some them framed it in and stuck it on the wall above
their beds..... Indeed, it helped to have the project in first place as I think that this picture
really sold it. But now we have to manage expectations somewhat. Maybe less flashy images
will help in this stage.” (Projectleader 2)
At one hand this quote underscores the potencies of designer's artifacts for shared
understanding. Once others saw it, they knew they wanted it. It explained the technological
features, the architectural choices, a sense of ‘high tech’ and ‘durability’ in one visual. It
resembles what concept cars are meant for: demonstrating what new and existing direction are
possible, in order to get feedback (Buijs 2008). At the other hand, though designers’ artifacts are
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powerful tools to reduce ambiguity, it shows it easily be misinterpreted without accompanying
explanation, factsheet or involved cost.

1.7

Discussion
In this case study one of the most interesting findings is that embedded designers contribute to
the construction of shared understanding within the NPD teams on ‘what the product is about’,
among others by means of designers’ artifacts. In order to understand the relevancy for NPD
teams, why is the construction of shared understanding imperative? Researchers who
participated or observed within NPD teams (Dougherty 1992, Buchiarelli 1994, Baird 2000,
Carlile 2002, Kleinsmann 2008) found that team members have different framings of the
product they are working on, due to their different backgrounds, experiences and interests,
naming it ‘thought worlds’ (Dougherty 1992) or ‘object worlds’ (Buchiarelli 1994). Within this
thesis I will simply refer to different specialisms, in line with popular language. Within a NPD
team, the specialists inside a team follow different methods, have different responsibilities and
interests, interpret problems differently and value solutions differently. Yet they are all engaged
in a common task and share a common goal: namely devising a new product. Despite all
specializations, inevitably all knowledge must be integrated into one final product. Yet in order
to achieve consensus, there is no ‘overriding perspective’ (Bucchiarelli 1994: pg 159); nor a an
overseeing ‘control room’ (Tsoukas 1996) where the activities of specialists are coordinated.
Hence, NPD is necessarily a social process, in which specialists communicate, interpret, interact,
negotiate and reconcile their individual aims, into one final coherent product. Alignment of
activities and integration of knowledge needs to be warranted whilst collaborating, in order to be
both effective (cost and throughput time) and to deliver coherent, integrated products (Clark &
Fujimoto 1991). As such a shared understanding is required, on respectively process and
content (Kleinsmann 2006, Kleinsmann & Valkenburg 2008). Specialists need to interpret and
agree on what problems are most relevant to attend to, what aims are most important to
achieve, what developments in the outside world are of interest, what activities need priority
above others, what specialisms are required, what prototypes need to be built and so on.
What surfaced in this case study, is that designers and their artifacts contribute to shared
understanding of the content of the NPD project. Designers seem to reduce ambiguity out of the
pile of information inherent to the knowledge intensive NPD projects. Their artifacts seem to
bridge organizational boundaries between R&D and marketing, a difficult boundary, as
acknowledged within Océ and in general (Griffin & Hauser 1996). This is a fruitful direction for
further inquiry, and the research question could be refined into:
1. What do designers contribute to shared understanding in NPD teams?
2. What factors in what designers do are of relevance for this contribution to shared
understanding, how and why?
A range of sub questions come to mind, like: what designers’ artifacts serve as boundary objects
in specific situations, and why? What skills of designers enhance shared understanding and why?
Can these skills and artifacts also be of use in distributed teams? What is the nature of
designating? What factors constitute designating? But most important:
what is ‘shared understanding’ anyway?
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Appendix 2: Analysis of my journal

Box 1 in chapter 3 of the thesis effectively shows the distinct object worlds between two team
members inside a NPD team. Strangely, it never occurred to me so clearly, though it was not the
first time I worked on ORE inside a NPD project. But one aspect is different in this particular
situation: the activities of myself, as a designer, and those of a software engineer are
disconnected in time. I developed the ‘inner covers’ somewhat ahead in time, and did not work
on ORE whilst the embedded software engineer was working on it. Even though we were seated
in the same room; worked on the same topic; and for the same NPD project; our activities
showed no heed anymore, i.e. lacked care, consistence, purpose and aim. But we were both
oblivious of this tendency of losing heed, merely as a result of the disconnection of activities in
time. We were not working concurrently on the topic, though our activities influenced each
others. In the vocabulary developed in chapter 5, no team mind is developed due to lacking
interactions. The boundary between us is articulated by this lack and eventually manifested
sharply. If team members are no longer working simultaneously on a topic that requires tight
interactions, the activities seem to become disjoint, lacking care and aim.
This insight put me on the track to analyze a part of the case I captured in depth, characterized
by its tightly coupled interactions of team members; and –considered retrospectively- a genuine
and serious team surprise. It turned out to be an exciting period to study, as several smaller
team surprises deepened the original problem at hand, and eventually in few “crash actions”
(Océ vocabulary) to get the NPD project back on track. In this appendix, the analysis of my
personal observations and reflections on this period are described. The surprise only slowly
evolved before it was fully understood in all its consequences. Hence, I am able to reflect on its
distinct stages as I will do below. The events that I carved out of the flux of events spanned a
period of 4 – 5 weeks, whereby the number of involved team members grew from 2 up to 12,
who needed to coordinate their activities. Below an overview is given of this appendix.

2.1

Aim and method
The aim of this study is to collect meaningful observations, and to reflect on these. This is
undoubtedly a subjective study, but provides well to find fledgling insights. It serves above all to
shed light on team mind, the implicit alignment and coordination of activities inside teams. This
is an elusive construct and only discussed outside the context of NPD (Weick & Roberts 1993).
The research questions therefore are nearly the same as for the entire inquiry:

What is the nature of team cognition in the context of NPD (at Océ)?

How does team mind emerge inside NPD teams (at Océ)?

What factors in the work of designers mediate team cognition?

How and why do these factors contribute team cognition?
For a period spanning more than a year I made observation of a particular case study (ORE). Why
this case study is chosen is explained in chapter 3.2.2. An important source of data is provided
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by my personal journal that I kept during the entire period of doing this inquiry (see fig. 5.5). It
enables to trace back and reconstruct meaningful events that went on ahead or after meetings
(including the ones that were videotaped) as analysis was adjourned for more than one year. 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 were not design
explorations, but to-the-point depictions of ideas. The journal therefore is not a designers’
sketchbook even though it includes many sketches; but targeted to enhance my observations
and reflections; my inner dialogue (Mead 1934, Wiley 2006). In total 7 journals were used for
this thesis. Also for the analysis of observations other data sources are deployed (chapter 3.2.3).
Highly valuable showed to be the many screenshots I made of CAD, that enabled to reconstruct
well the steps take. Few internal reports on the subject matter enabled to retrace the decisions
made and the underlying considerations. Also the resulting prototypes enabled me to access the
eventual decision made by individual team members, far beyond what is documented in reports.

In the analysis of the journal I
eventually decided to focus on a
period of 5-7 weeks, whereby a
serious problem was discovered. The team meeting that is filmed and analyzed in depth
(appendix 3-5) is also in the same period. The interviews are conducted few weeks after the
period that is analyzed here, and in the interviews team members discussed many tiopcs that are
described in the my journal. Thus, all data could be compared well.

2.2

Team sensemaking and reflection-in-action
The example ‘a blind printer’ below depicts how a genuine team surprise is encountered, leading
to a challenging reframing of ORE; and how it is solved eventually. I will briefly describe an
overview of my observations that I carved out of the flux of events for approximately 5-7 weeks.
The lack of heed between me and an embedded software engineer was not just between us: a
more intrinsic problem residing in the activities of several NPD team members surfaces. The
resulting team surprise probably is incited by me and slowly develops, hence enabling to reflect
upon distinct stages in this process. Four designers are involved, including myself, also enabling
to observe what designers do.
This is one of the rare events in all cases I captured, whereby I witnessed the genesis of team
surprise and documented it sufficiently. The problem changed its face more than once, showing
the process of team sensemaking in the wild. Due to time pressure also the differences between
designers and engineers amplified. As a researcher I am surprised by several observations, that I
will deal with below: the problem of ‘in-between’ knowledge (A2.2.1) and team sensemaking
(A2.2.2).
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Example: The problem that no one expects - a ‘blind’ printer
An area inside the engine had changed considerably since I first worked on it. For technical
reasons a section no longer can be opened, and sheets of paper have to be removed by turning
4 handles. The problem I felt is that there are many, rather similar, handles in a small area (see
figure below), whereby the handles need to be turned in different directions. It not only looks
rather messy, I am also disturbed by the apparent lack of ‘logical’ order how to do things.
Hence, I attempt to superimpose a large circular shape, that not only is aesthetical but also gives
the random handles at least a ‘position’ among each other. In the middle an area for a large user
sticker is available. I wonder whether it is be possible also to impose a sequence in turning the
handles, which seems easier to explain to an operator: “First turn 1 this direction, then turn 2
that direction”. I walk around to consult colleagues: the aforementioned embedded software
engineer; a mechanical engineer working on the hardware; and an interaction designer working
on a concept for guiding the operator. Few hours later, I write in my journal: “all alarm bells
inside me are ringing: we are far beyond the liquid phase [the conceptualization phase], but I do
not like what I saw at all.”
The problem that surprises me is that nobody really knows what ‘the’ sequence is: it is different
per situation and our views contradict. More troubling is that if all the pieces of information are
put together, we learn that it is well possible that an operator can damage the printer, if he does
things in a wrong sequence. Something we all overlooked individually. The phase of
conceptualization has long passed, so the solution space is restricted to details. In the weeks
that follow, several team meetings are organized whereby the size of the team grows up to 12
persons. The surprise at hand shows to be merely the tip of the iceberg, as the team encounters
several other unexpected problems: overheated motors as a result of added inner covers, parts
that damage the outer covers if not used carefully, inaccessible paper jams and so on. It shows
the team that the complexity of ORE is under esteemed: truly nobody oversees it.
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Then one ‘detail’ is discovered we all overlooked so far. Sensors detect 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 ORE, and hence provide guidance to an operator what to do. All
previous Océ products work that way. But for cost reasons, long time before it was decided to
reduce the number of (expensive) low voltage sensors, in favor for high voltage sensors. For
meeting (harsh) electrical safety legislation, all high voltage electrical parts are cut off from
power, the moment the front door is opened.
What is new for the involved team members is that this includes most sensors: the printer is
‘blind’ when the door is open. Once a door is opened, the printer no longer can infer what an
operator is doing, and hence cannot provide adequate information. This surprise overthrows all
work what we developed so far, as a key assumption is erroneous. It requires to redevelop ORE,
in the midst of releasing parts and just before a large usability test.

2.2.1

‘In-between’ problems
What vividly emerges in this example, is that nobody oversaw the problem that is concealed in
the choices, designs and engineering proposals they made together. The problem is a result of
the combination of their work. Some of the relations between these choices are unforeseen, and
hence the effects of the doings and choices of the team members together are literally ‘inbetween’ them. Often genuine surprises occur for all involved. The embedded software engineer
devised a behavior for a myriad of error scenario’s; the mechanical engineers devised the
accessibility of the inner parts; electrical engineers decided on the sensors; safety officers
warranted electrical safety; the interface designer designed guidance for an operator; and I
designed the inner covers and handles of the product. The specialists inside the team all nearly
finished their individual contribution for ORE, preparing for release of parts. This ‘blind printer’
problem revealed itself not until the work and choices of 8 specialists (!) was combined together
in a series of meetings. Thereby pieces of information were slowly put together before it was
deduced that the sensors are electrically shut off for safety reasons, if the doors are opened.
Without these sensors, guiding an operator renders nearly impossible. Yet detecting what
operators do, is an assumption underlying the work of all involved.
Interestingly, the problem did occur despite that team members are all working in one
workspace and concurrently. Also, the work is reviewed thoroughly and discussed with others.
The problem that occurred is that it is ‘in-between’ a range of specialists: reviewing one
document at one moment in time is not sufficient to foresee this class of problems. Other
documents are reviewed at other moments, and by others: hence problems arose that are inbetween specialists, and that remain remarkably hidden.
Enacted problems
This aspect is about collaboration among specialists, whereby ‘in-between’ problems exists.
What specialists ‘know’ either explicitly or tacitly, is eventually enacted in a product. Their
collective acts result into an integrated whole, whereby problems are included that are
unforeseen by any individual specialists beforehand. The problem is an enacted problem: a
problem that is a result of the collective previous doings and choices of team members. In this
particular situation, it only manifests in a prototype, in hindsight. The point I like to articulate is
the radical indeterminacy inherent in the collaboration among specialists in this case. There
existed ‘knowledge’ which was not overseen nor possessed by anyone in the collaboration at any
given time; yet retrospectively can be reconstructed somewhat (requiring a huge effort!).
Representational space
It also shows that the choices of all specialists were not represented adequately together in one
representational space. A document existed of the position of sensors, and the system behavior
was modeled accurately. Likewise the state of affairs of mechanical engineering and design were
well represented in CAD. Yet at that moment there was no joint (i.e. common) representation,
depicting the combination of our choices and enabling intelligent evaluation. Particularly the
effects of dynamic behavior (embedded software) at one hand, and the –relatively staticmechanical world at the other, were hard to oversee by anyone of us. Framing the activities of an
operator, and considering whether a sequential order needed to be imposed, resulted into a
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team discussion in which we slowly made sense of the underlying problem at hand. This framing
showed to be an unexpected, yet fruitful way to bring together the world of dynamic behavior
and the physical world, revealing a range of problems. Note that this bringing together was
performed by means of mentally ‘simulating’ behavior, whilst pointing to CAD print outs.
Concurrency: time
All involved team members made decisions on the base of what they knew at the moment we
had to make these decisions. Thereby we all had some expectations on the problems that
needed to be solved. The problem was that the entire context was dynamical and remained
dynamical even when choices were made. Rather ironically, the choices of the electrical
engineers for cheaper high voltage sensors was mediated by an design idea of myself a year or
so before. I left out handles on the front door, in order to be opened automatically in case of a
problem, as a friendly and inviting gesture to an operator. But this controlled opening indirectly
paved the way to use the cheaper high voltage sensors. Also, for safety reasons it was decided
that all high voltage parts are switched off, if the door is opened. The three choices together
introduced the problem of ‘the blind printer’, but none of us was aware of the changing context,
as a result of the choices made by the other. Likewise, neither of us expected that our individual
and reasonable choices could impact the work of other specialists so drastically.

2.2.2

Team sensemaking
The personal surprise in the example of ‘the blind printer’ was the result of a distinct framing,
namely to consider a sequence in the interactions an operator has to perform. This idea was
neither well developed, nor did it immediately reveal to me and others the problem underlying
our collaborative work. In the first weeks of the case the problem at hand seemed to change its
face in every meeting: first the problem was that operators need guidance by means of a
sequence, but what is the sequence? But then it is discovered that operators can unintentionally
damage the printer; motors run too hot resulting in a system breakdown; a potential safety
hazard is found, and so on. Although solutions are discussed for hitherto known problems, new
pieces of information are added, that revealed new aspects of the problem; and even new
problems. I reflected several times in the journal that “[w]e under esteemed the complexity once
again.”
Several aspects of team sensemaking within the NPD context of Océ become articulated in this
example.
Enactment
In order to make sense of the situation at hand, team members do resort to activities, rather
than analysis. Team meeting are planned alongside a prototype; next to a CAD station or
deploying prints, whereby the problems are pointed at and discussed. Everybody adds
information if he / she considers it of relevance. Team members ‘think aloud’ what is bothering
them. Thereby proposals are sketched for solving known problems. Yet these discussion,
additional information and proposals all can incite the discovery of new problems, like that of
the ‘blind printer’. It is through these collectively performed and observed acts, that the
underlying problem is eventually understood sufficiently.
Clarity in hindsight
It may seem that the newly found problem is an obvious problem, so how could the team
members have missed it before? Note that inside the team at hand several (very) experienced
team members participated. Still, only retrospectively this proficient team was capable to
pinpoint it. Apparently, in the myriad of choices the team members have to make, this
combination was not so obvious as it may seem in hindsight, articulated here in the example.
Why? Considering myself, when I was working on the topic I used a CAD model without doors,
depicting the inner parts. It never occurred to me that the actual opening of the door could have
implications. Probably for others similar explications can be provided. However, when the
individual's choices were put together, we all knew we stumbled on a serious problem. Of
interest is that the sensemaking process stopped once this clarity was found, enabling to
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coordinate activities. In hindsight it seems remarkable how we overlooked the problem; but once
it was revealed, it was understood.
Representational space: tangible prototype
Interestingly, at first discussions were conducted with print outs, documents, behind a CAD
station or looking at the dynamic model of the software engineer. Interacting with the prototype
provided more and better cues, firstly for valuing known problems, or discovering additional
ones. As an example, an assumed problem was that the team feared that sheets of paper could
unintentionally be moved to the hot parts of the engine. This problem was deduced from a
session behind a CAD station, but in CAD, the world lacks friction, and sheets of paper are
merely straight and rigid objects that can be moved back and forth. In reality, sheets of paper
fumble when they encounter resistance. But that aspect did not show until we experimented in
the real world. CAD is a tool, providing an excellent representational space, but does not depict
the real world. The cues that were extracted in CAD, simply were hinting at a nonexistent
problem.
Standing at the prototype and discussing possible error scenarios, it struck someone that we
had an entirely wrong assumption on the entire topic, reframing the problem into the problem of
the ‘blind printer’. Why did this problem disclose itself now? Apparently, none of the
representations used so far provided cues that hinted at the underlying problem. But the
prototype was recently upgraded: all covers including the front door were mounted. It was the
first time, team members had to open a front door in order to access the paper path. This
provided the pointer that made us notice and bracket the problem.

2.2.3

Solving a problem: team reflection-in-action
The aims of team members for solving the problem of the ‘blind printer’ were contesting, if not
mutually exclusive. The problem at hand was eventually solved, transcending the contesting
aims, as described below in another example on the same topic as the first example. In this
example several aspects of team reflection-in-action within the specific NPD context of Océ are
articulated in this example, and are discussed below the example.
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Example: A ‘back and forth’ sequence
Once the problem of the ‘blind printer’ is discovered, immediately conceptual directions to solve
it are explored. The problem is that the aims of distinct team members are contesting: engineers
wanted to stick to the planning regardless the impact on the perceived usability. Designers
wanted to reconsider technical choices in order to enhance usability, but impacting planning.
Others considered cost price most important, so adapting planning and enhancing usability
could all be discussed, as long as the cost price remained the same. Imposing a rigid and
intelligent sequence that cannot be done otherwise is the conceptual framework we agree upon
to solve the problem. It is named as ‘do 1-2-3’. But it is merely a rudimentary idea. Planning is
uptight, so the pressure to device this ‘do 1-2-3’ sequence is high. The problem that manifested
is that what is meant with 'do 1-2-3' was ambiguous. Most team members considered that it
meant a sequence of activities that an operator has to do in case of an error; regardless what the
error is that is detected. The designers considered that such a sequence imposes a burden for
the operators, as even for errors whereby only one sheet needs to removed the operator is asked
to conduct all activities. It eventually could lead that operators act as they please, ignoring
guidance. The risk is that operators can sometimes induce new errors themselves, if they do
things erroneously or at the wrong moment. Even more friction arises in the team between the
engineers who are in favor solving problems step by step, and he designers who are in favor of a
more radical approach. Their strategy is to solve all problems in one new design.
A fledgling idea of the designers together is to devise a sequence whereby the number of
activities an operator has to conduct is dependent on the error, but the sequence of activities is
always the same. All error scenarios can be solved by asking the operator to perform a specific
number of steps: ‘do 1 and 2’, or ‘do 1 up to 4’; or even ‘do 1 up to 7’. Problem is that such a
sequence seems impossible, as for the distinct technical ORE scenarios the activities are rather
different. By framing on the activities an operator has to perform (rather than the printer)
another strategy is devised. We know that there are ‘segments’ of activities that are part of
nearly all scenarios, hence the idea arises to aggregate all activities of the operator in the many
technical ORE scenarios. This results in an insight in what ‘segments’ of activities are done often
(getting a low number like 1 up to 3), and rare ‘segments’ of activities (getting high numbers).
This seems promising, yet no overriding and unambiguous sequence can be found. The
breakthrough is the reflection that operators always perform a number of activities -like opening
up doors and parts- until the jam is solved; and then close all parts. Why not using this ‘closing
the printer’ as well as part of the sequence to detect jammed sheets of paper? Instead of
considering a one directional sequence, now a two directional ‘back-and-forth’ sequence is
developed, whereby the closing sequence is used for checking few rare places were sheets can
be stuck – and only if required. This resulted into a unambiguous sequence, whereby only in
limited cases a few futile activities need to performed.

Namings and crude sketches
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In this example conceptual ideas are proposed and agreed on. Only later the ideas are developed
and evaluated. These ideas immediately got a name that ‘stuck’, as they kept coming back in
dialogues. Team members knew what was meant with “do 1-2-3”; or with “the back-and-forth
concept”. For the team members at that moment in time a naming and a small crude sketch
proofed to be sufficient to align activities. Naming things (Valkenburg 2000, Dorst 1996, Schön
1983) is important step in the reflective practice: it designates the frame that guides following
team activities. Likewise, sketches made in team sessions hint at a solution, but the solution
itself needs development. The sketches seem crude, but depict rightfully what team members at
that moment agreed on. The sketches are sufficiently to-the-point so that everybody ‘gets the
picture’ but still leave open sufficient space to explore possibilities. Hence, they are fully
comparable to namings in the vocabulary of Schön (1983).
Interdisciplinary moves and collective reflections
The development of conceptual ideas were conscious acts, ‘moves’ in a Schönian vocabulary
(1983). Of interest here, is that the ideas were developed swiftly, transparently, and often
individually. Yet thereby team members went beyond their specialism, crossing disciplinary
boundaries without having trouble with others. The proposed back-and-forth sequence as
described in the example severely impacted the work of others, above all software engineers. It
even included parts that were not agreed upon to be changed beforehand. The ideas are often
developed individually, yet the evaluation is done with other specialists, collectively. Working
closely together, and across specialists’ domains can aptly be named interdisciplinary
collaboration. This term is used to oppose it to multidisciplinary collaboration, whereby
specialist work relatively on their own, apart from others.

2.3

Team mind & team consciousness
In chapter 5 in the thesis, an organizing framework for team cognition is provided, including the
conceptual distinction of team mind and team consciousness. These are the binding
mechanisms of respectively implicit and explicit coordination in activities of individuals. These
are both observed.

2.3.1

Team consciousness: individual acts, collective reflections.
For solving the hardly understood problem, in the case a range of team meetings was organized,
including discussions, workshops and evaluations. A progressive and iterative process started
whereby intentional, individual acts and collective reflections went hand in hand. Collectively
problems and (sometimes) fruitful directions were discussed, often rather sketchy; followed by
individual activities in order to develop solutions. Individual progress was often discussed in
dyads or triads, and collectively reflected on. Thereby these individual proposals often crossed
boundaries of specialisms, which is widely accepted at Océ. The underlying mechanism of team
consciousness is aptly shown by this meandering between the individual level (making proposals
crossing boundaries, doing experiments) and the collective (discussing and reflecting). In the
example this mechanism is depicted.
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What also surfaces in this example is firstly (1) the reliance on crude sketches and namings once
again, as described before. In a design session of an hour and a halve, two directions are
invented, but the names suffice for those involved to proceed individually. Secondly (2), it shows
the zooming perspective between team and individual level. Ideas are invented ‘collectively', but
are developed and enacted by an individual. Eventual choices that impact the work of others are
collectively taken. And thirdly (3), once again the pivotal contribution of real world, tangible
objects show. In CAD (again) a solution seemed reasonable, but a 10 cent cardboard prototype
immediately showed it was ‘monstrous’.
The example also strengthens the findings on team reflection-in-action. The example ‘back-andforth sequence’ and ‘barrier’ have a similar structure: a problem is identified and team members
commit to solving it. A group session is organized in order to find possible solutions, that result
into few rough ideas. Individuals proceed with it, develop it up to a level others can judge and
evaluate it as well. The activities meander between the team and the individual level.
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Example: the ‘barrier’
At one moment I needed to devise inner covers in order to impose a ‘natural’ sequence for
operators in opening up parts. The conceptual solution of ‘do 1-2-3’ implied that no other order
is possible to open parts. At the same time, I had to take care that no released parts needed to
be changed. I wrote in my journal about a design session, with several engineers: “We get back
to the problem of the turning handles of the heat exchange unit. We all want that no operator
turns these, before the HT unit is pulled out. It must even be prevented. I propose the idea of a
‘curtain’ [hiding the handles behind a plastic curtain or something]. Some laugh about it, but
they got the picture. J. [mechanical engineer / architect]. extends the idea by stating that we can
also make the handles inaccessible, in another way: a ‘barrier’."
This session resulted into two ideas, that were named ‘thumbwheels’ and the ‘barrier’ as
described above. The latter better met the imposed condition of not changing parts. In CAD it
did not look bad either, but I was in doubt as it would result into a large plastic part with only
few points where it could be mounted onto underlying chassis of a module. It could be ‘wobbly’.
In a brief and collective evaluation, however, this idea was dismissed nearly immediately as the
consequence of not changing parts lead to a ‘monstrous part’ (see figure below). For the other
idea, I adjusted parts that were released, thereby also deliberately crossing some disciplinary
boundaries, in order to show its potentialities. I adapted some shafts, and a chassis of a module,
which undoubtedly are the realm of mechanical engineering. I did that rather sketchy, merely
showing how it can be obtained, without actually engineering in detail. This idea was accepted
and the involved engineers ‘got the picture’; adapted their parts and took care all required
changes were also adjusted in the prototype.
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2.3.2

The emergence of team mind
What put me on this case is a personal surprise that due to lacking interactions, the activities of
myself and someone else had become disjoint, lacking heed. This was by no means the only ‘inbetween’ problem that manifested in the case: slowly a larger problem revealed itself, thereby
requiring the involvement of more team members. Team members had many interactions, in
dyads, triads, team meetings or helping each other experimenting at available prototypes. Team
members learned whilst interacting what matters for ORE and what matters for other team
members. They started to interrelate their activities, i.e. make connections among their activities
and that of others, or in relation to the intended product. As an example, consider what I wrote
in my journal, after accidently meeting the embedded software engineer:
“H. [the embedded software engineer] rightfully extends the framing of ‘the-operatordoes-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]. (..) The transition to the printing
engine is no longer a problem. H. already discussed and agreed with JS. [mechanical
engineer] to change the unit frame somewhat, so that it is impossible that sheets will get
stuck at this transition. Good thinking! (..)”
The embedded software engineer previously framed his work from the perspective of the printer,
whereby an operator had to perform specific activities at the right moment. Whilst interacting
with others, he learned and incorporated in his considerations the worldview that operators
often do things as they please, in random order. He extrapolated the consequences of this
stance in his own specialism far beyond what was discussed so far. He pinpointed additional
problems others are unaware of (including myself), and changed his contribution accordingly.
But even more of interest: he also understood what other specialists have to do in this new
doubtful situation, in order to prevent damage. He discussed that with others, including me. In
short: he interrelated his activities and that of others. Surely, this is still explicit, conscious
communication, otherwise I could not describe his considerations. But the point is that he
internalized what was discussed in a team, extrapolated what it meant for him and others and
acted accordingly. At the same time, knowing that he takes this aspect into consideration also
provided trust: I can rely that in his (for me nearly incomprehensible!) knowledge domain, he
takes into account an aspect I consider relevant. The emerging team mind as a result of the
interrelations manifested as slowly less meetings were required to align and coordinate
activities, although ORE is far from completed.

2.4

Objects & representations
The significance of tools, artifacts and the environment for team members clearly surfaces in the
case. Specialists made extensive use of dedicated tools and models to represent the state-ofaffairs of their work; enabling to think, experiment and evaluate. I observed CAD models, print
outs of CAD, 2D technical drawings taped to the wall; dynamic models for depicting system
behavior; sketches; photos; notes stuck to prototypes as a reminder; small prototypes of parts;
large integrated prototypes; cardboard prototypes; posters depicting software architecture,
posters depicting operators and client environments; and so on (see figure below). I will name
these all ‘objects’ from here on.
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2.4.1

Tangible objects that represent collective work
At any given moment in the Océ NPD projects, team members are literally surrounded by objects
that represent their work, or the work of others. They cannot progress without these objects,
continuously looking at it (e.g. CAD) or interacting with it (prototypes). Within a group of
specialists, also joint (i.e. common) representational space exist where their objects are
represented together. E.g. mechanical engineers always work in a joint ‘workspace’ in which the
collective contributions of mechanical engineers are depicted; the individual engineer merely has
to decide what he considers of relevance. This joint representational space straightforwardly
depicts the relation between one’s work and what others made.
But what this case vividly expresses, is the importance of a objects that built bridges across
specialisms, see the example below: ‘mapping relations’. In the examples presented before, ‘the
blind printer’ and ‘a back-and-forth’ sequence, the activities an operator has to perform for
solving ORE, provided the cues that pointed to a hitherto concealed problem that existed
between specialisms. The example ‘mapping relations’ shows that framing the activities of an
operator also enabled to construct a map where all individual work of team members could be
depicted on. The (tacit) choices individual team members made, are articulated and combined in
a map representing the relations, understood by all. Only then possible solutions could be
devised and assessed across domains.

36

Example: mapping relations among specialisms
What showed to be particularly troublesome in the ORE case, is the lack of objects that built
bridges between 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 / artwork of the user interface).
Nowhere the combination of all individual state-of-affairs was depicted well, enabling intelligent
evaluation. Prototypes existed, but those are not depicting the actual state of affairs; e.g. the
system behavior for dealing with a detected error was not implemented in the prototypes.
Hence, team members, including myself, were not capable to foresee or infer the problems as a
result of our joint activities. Note that the problem is new to Océ. How can the individual team
members know that a problem has arisen among them, if no object depicts their combined
efforts accurately and meaningfully? Attempts to combine and assess what team members know,
was by pointing to (screen dumps of) CAD models, and ‘simulating’ behavior by speaking out
what will happen. Or by looking at the dynamic model of the embedded software engineer,
discussing e.g. what the user interface needs to depict simultaneously. Meetings were staged
next to an integrated prototype, whereby team members can not only point to parts, or discuss
system behavior; but experience themselves what an operator needs to perform. Although team
members never explicitly addressed it, the search for an adequate way to represent their
combined efforts required ample time and efforts.

A way of mapping activities was developed by the designers together in a workshop. It depicts
what activities an operator has to do in order to solve a paper jam, and in what sequence. It co37

emerged whilst developing ideas for combining what is shown in the user interface, and what
can be seen in the inner parts of the printer. It provided a convenient ‘language’ for developing
ideas, as alternatives could easily be sketched and quickly evaluated (see figure below). More
important: it could well be discussed with all specialists, like mechanical engineers, software
engineers and the ‘quality validators’. These other specialists could also consider what the
consequences were for their work. For instance, the steps depicted in the sketches relate to
physical ‘zones’ in the printer, enabling engineers and the product designer to reconsider how
these ‘zones’ can be opened optimally. It enabled the software engineers to relate their error
codes and error scenarios to these steps. And also it enabled interface designers design the user
interface screens that guide an operator. Eventually it enabled to jointly develop an optimized
sequence, resulting in an all-embracing mapping, depicting all possible error scenarios and
activities operators has to perform in one visual. It turned ORE into a coherent and unified
whole, integrating the work of several specialists.
Interestingly, team members trying to understand the problems at hand, more and more resort
to using representations that depict the real world consequences best as possible. When the
problem seemed insignificant, screen dumps of CAD models sufficed. Once the problem showed
to be worrying and requiring many specialists, only the integrated prototypes depicting the
latest state of affairs seemed to suffice as a joint representational space, whereby team
members actively interacted themselves with the prototype. In those situations, documents, CAD
screen dumps, visuals and so on were distrusted, literally put aside: “The CAD print outs no
longer seem to be sufficient. So we did not start with a proposal, but with a walk to the
prototype” (journal).
These ‘excursions’ turned out to be very productive. Note e.g. that the discovery of the main
problem in example of ‘the blind printer’ directly resulted from the team interacting with an
integrated prototype. How could the team members have missed it before? Apparently, in the
myriad of choices the team members had to make, this combination is not so obvious as it may
seem in hindsight, as articulated in the case study. As discussed before, I never ‘saw’ in CAD the
design of the inner parts with a door that had to be opened. The embedded software engineer
used a dynamic model of the paper path that depicted ‘normal printing’; hence he was not aware
that opening doors had consequences for his model. When the safety of the product was
assessed, no one was aware that disconnecting power in parts of the engine would disrupt
specific ORE scenarios. However, when the individuals’ choices are put together next to the
prototype, we all recognize that we stumbled upon a serious problem.

2.4.2

The reliance on ‘rough’ ideas
At the same time, often sketchy, conceptual ideas were proposed in team sessions, and later
developed by individuals. These ideas that seem meaningful to involved team members,
immediately got a name that ‘sticks’, as they keep coming back in dialogues, like “do 1-2-3” or
“thumbwheels”; even months later. Also often rough sketches proved to be sufficient to align
activities. The essence of an idea that was discussed, is captured in the naming and / or the
sketch. Many meetings started with exploring together the problem at hand, or evaluating a
proposed solution. Then a period of collaboration and discussion started, whereby ideas were
put forward. Once an interesting idea was identified, it immediately got a name and / or was
depicted in a small sketch. That suffices for further alignment of individual activities: no minutes
are written down, no explanations are provided, and often even no ‘who-does-what’ list is made.
Just the sketch, and or a name referring to an idea suffices. Rather than trying to confine what is
decided in a meeting by means of extensive minutes, in the ORE case team members were
sufficiently informed by means of these rough ideas, to move onward individually and align
activities. These ideas have specific qualities. At one hand they depict the core essence of an
idea and what is agreed upon, and at the other hand they are hardly setting clear requirements r
specifications for those involved. The individual team members have still considerable solution
space for detailing and engineering. It suggests that across these specialists some agreements
need to be made that are loosely depicting the direction the tea proceeds, and simultaneously
this agreement need to leave open ample space for specialists to fill the 'white spots' in later
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within their specialisms. It lays bare the distinction of making agreements across specialisms,
and within specialisms.
Also, it seems if good ideas are instantly recognized. Team members were musing over a
problem, and then someone propose an idea that is immediately embraced. This calls to mind a
characteristic of sensemaking (chapter 4.4.2): sensemaking stops once a feeling of clarity and
order is obtained. This feeling is a result of a plausible image, rather than an accurate image
(Weick 1995: pg. 55- 61). Even though an ‘image’ in this definition does not refer to a literal
image, but includes narratives, exemplars, explanations and the like; the sketches aptly served
as a plausible image.

2.4.3

Joint representational space
Problems and solutions that are interdisciplinary, i.e. concern ‘in-between’ knowledge,
sometimes lacked a common representational space. Specialists have their own methods, tools,
models and prototypes; and by means of these they have adequate representations for
progressing their work. E.g. mechanical engineers at Océ ‘think’ by means of CAD models,
whereby a joint ‘workspace’ exists within Océ in which all individual contributions can be
depicted. This joint representational space straightforwardly depicts the relation between one’s
work and what others made. Also changes in the work of others is easily identified.Across
specialists this joint representational space is not always existent. What in this case vividly
manifested, was the troublesome lack of a joint representational space across the world of
hardware, and the invisible world of software. Team members, including myself, were not
capable to foresee or infer the problems as a result of our joint activities. And I argue that no
one could (literally!) see the problems at hand, as a joint representational space was lacking.
How could the individual team members know that a problem had arisen among them, if no
accurate and meaningful depiction existed of their combined efforts, and where these would
result into? In order to deal with the problem of a lacking joint representational space for
depicting the work of team members together, four distinct strategies were observed in this case
study:

Specialists of different disciplines collaborated by means of one representation used by all
in their everyday practice; consider the integrated prototypes that are used by all.

Specialists of different disciplines collaborated temporarily in the realm of one of the
disciplines; integrating and reviewing their individual work together by means of
representation that suffices for the purpose. Consider that dynamical behavior and the
physical world were combined, by means of pointing at CAD print outs and explaining what
will happen.

Specialists of different disciplines collaborated temporarily by means of a representation
that was developed to sufficiently represent and integrate the knowledge specialisms. It
both depicts the specific problem at hand and enables devising solutions. Consider the map
depicting activities of operators.

Specialists of different disciplines collaborated temporarily by means of a representation in
the actual world. Consider that in order to explain and evaluate the activities an operator
has to do, team members including myself ‘played around’ with the prototype to get a
‘feel’; or acted out what an operator is supposed to do.

2.5

What designers contribute
From the case study five insights are derived what designers do, as opposed to what other team
members do. These characteristics are overlapping, and reciprocally constitutive. Below an
example is provide that shows the distinctions, because tight planning and contesting aims
articulated the distinctions between designers and engineers sharply.
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Example: solving problems integral or per aspect?
In the weeks that followed the previous examples, more and more ‘in-between’ knowledge
problems were found, that considered the same parts and / or were related to the topic of ORE.
Yet the deadline for adapting the prototype to implement all eventual proposals came near. For
example, the team discovered that some motors ran very hot, defying to pack them in ‘inner
covers’. For safety requirements, for legislation a warning sticker would suffice, so the engineers
rejected to have inner covers in that area. Yet these covers were the only way to impose a
sequence and to ensure operators are really guarded from hot parts. Also for exchanging a
consumable (parts that need to replaced as these wear), both the accessibility needed to be
enhanced and guidance provided in the activities he had to do. In this case, also the sensors are
shut off, implying the printer is ‘blind’. The designers (including myself) comprised these
problems in the quest for a generic solution. The first problem enabled me to propose a
rearrangement of the position of the motors at hand – that were obstructing several ideas. Put
differently: it did enlarge the solution space. The second problem of replacing a consumable,
had to do that all involved designers considered that replacing consumables will not be
perceived different for an operator than solving ORE. It obstructs an operator from what he
intended to do. Other team members framed it different, as it is an activity for ‘trained’
operators only. They considered replacing consumables as a technical activity, resembling
performing service tasks. Hence it could be implemented in a rather ‘technical’ way, e.g.
requiring tools; and no need for protective inner covers or the like. So the designers decided that
any proposal to change parts or behavior for ORE, also needed to include proposals to change
consumables in an appropriate way. But the complexity of developing a solution for contesting
requirements grew.

Concerning these activities I wrote down in my journal: “New and
different type of problem is emerging; for the validation. (..)
Everybody is discussing the ‘do 1-2-3’; they want to see it in the
engineering prototype, in the forthcoming usability test. (..) But it is
a big change anyway, in the worst possible period (holiday). How to
deal with this? Worst case I can only change few parts now, learning absolutely nothing.
Together with J. [mechanical engineer / architect], we decided to finish the design at least
conceptually and then see how to fit it into the existing prototype.”
Although everybody agreed and ongoing discussion showed what the underlying problem is that
needs to be solved and validated in a usability test, other –contesting- aims made it hard to
progress. As 200 + people are working on one and the same product and only few prototypes
exist; time and resources to work with the prototype was very limited. The problem I felt is that I
was (urgently) asked to split my proposals into ‘batches’, of small changes to be implemented,
making it a manageable process. First solve problem ‘A’, built parts and validate in the
prototype; then solve problem ‘B’; built parts and validate; and so on. This is typical project
management in the period of engineering: don’t change to much at a time. The implication was
that only few parts of a solution could be integrated into the prototype used in the forthcoming
usability test. Yet all designers felt that only testing a integral solution would validate the
solution. Hence, the dilemma was: either design something meeting the requirement to have few
changes in underlying parts, that could be used in the usability test. This significantly reduced
the solution space. Or design something of which the designers believed it could work, but
requiring so many changes in underlying parts that it most likely can’t be used in the test, as it
cannot be built in an controlled way. Together with the mechanical engineer / architect, it was
decided that a conceptual solution was required first, regardless the consequences.
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Holistic
A first characteric of the designers approach to problems, is the tendency of the designers to
frame the work they are doing in a holistic way: they are concerned with the whole situation,
rather than with separate problems that constitute the situation. In the case the designers
(including myself) easily incorporated additional problems in their considerations, like a problem
of overheated motors, or a problem of replacing consumables. The engineers preferred to fence
off problems, breaking them into manageable parts: what causes it and how can we solve it,
locally? The distinction in problem solving strategies between the designers and the others
contrasted sharply, as a result of serious time pressure. The designers were mulling over a
solution strategy solving it all, thereby including an array of problems, some of them hardly
understood. Hence, it was disliked that engineers actively put restrictions to the problem and
solution space. The engineers wanted to see concrete proposals for solving well bracketed
problems; and an exact planning to implement and validate changes, step – by – step. They
disliked the open ended and entangled framing of problems of designers. This caused heated
debates, and an intervention of the main mechanical engineer was required.
User centered
The designers at hand framed the problems from the perspective of an user, rather than the
technology being developed. In the examples, it surfaced in the framing of the designers on
what an operator has to do for solving paper jams: implicitly expecting technology to be
supportive to the whimsical operator. It opposed the technical framing of error scenarios, that
implicitly expected the operator to perform faithfully as the technology requires. At one hand,
this finding is not surprising, as user centeredness is considered a core competence of Océ
Design. At the other hand, the differences in framing showed to be pervasive, manifesting in
many topics, details and discussions. An example: once the problem of the ‘blind’ printer was
known, most team members considered that a generic 'do-it-all' sequence adequate, as it would
ensure that all potential places of a paper jam are checked. The designers opposed this idea, as
they considered that operators would experience it as ‘tedious’: conducting many activities that
are useless. Probably operators will quickly abandon the sequence in favor for their own
judgment.
The user centered framing distinguished designers from others. Obviously the user is put central
if a design had to be made for handles, the user interface or user stickers. But also technical
matters are framed by designers from a user perspective.
Outside–in
As a consequence of the user – centered perspective, also the designers showed an inclination to
consider any problem at hand at the product level; as opposed to the level of parts or modules.
This stance sometimes diametrically opposed the organization inside the NPD team, causing
tensions and disputes. An example: the designers needed to co-develop sufficient guidance for
operators replacing consumables (parts that wear out). The involved designers considered that
replacing consumables will not be perceived very different than solving a paper jam, hence
requiring rather similar guidance. However, for these topics the responsibilities were delegated
differently inside the NPD project team. Team members responsible for replacing consumables
considered replacing consumables more or less as replacing oil in a car, requiring hardly
guidance and ‘fancy’ inner covers. The different perspectives resulted into heated debates and it
took ample time before some alignment was achieved.
For the team as a whole, and the activities as observed, this outside – in framing rendered
valuable. Not all team members have the same ‘knowing’ what the intended outcome is, yet
relate all their individual choices on the base of what they consider relevant and sufficient for the
product. The outside–in framing extrapolates technical choices into the realm of product and
user, enabling to reflect on it beyond the technical realm. Not until the product and the
interactions of operator and product were discussed and visualized, the discussion whether
replacing consumables is like replacing oil in a car surfaced. This perspective showed to be
fruitful for the team as a whole. It enabled to reveal problems that were from an inside –out
perspective remarkably concealed, and enabled the team to compare and integrate individual
work in a meaningful way.
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Development of cross disciplinary representations
Several times it is observed that designers in the ORE case developed visual representations that
included the work of other specialists. In order to make sense of a problem, or to develop a
design easily knowledge or objects of other domains was included. The example ‘mapping
relations’ shows the importance of having objects that bridge specialisms, but what incited the
process of mapping was that the involved designers in a workshop developed the ‘sketchy’
language to depict activities swiftly. Interestingly, the mapping depicts real-world consequences,
i.e. what an operator has to do with the eventual product. It was represented as a sequence of a
person interacting with the system. This is a representation all developers can understand,
standing next to a prototype pointing at parts and acting it out. It enabled to make ‘moves’ and
reflect across specialisms. This provided the anchor to relate the work of others to it.
The need for tangible problems
Reciprocally, this case also shows that (at least: Océ) designers need a tangible world with
tangible problems in order to design. It is often lamented by designers in (– and outside) Océ
that in order to enhance the usability of products, designers are involved too late. Technological
choices have already crystallized into rock solid lay-outs that are hard to change, imposing
challenges for usability. However, in this case I was actually designing a proposal for the inner
parts, even before the main technological choices were made. Despite I worked on ORE several
times before, I did not foresee the problem of the ‘blind printer’ as described. I assumed
(outside –in) the printer would be able to detect what operators are doing, and that guiding him
to one or two places inside the engine would suffice, as it always has been. I fully overlooked
that the (inside –out) technological choices of sensors (low voltage are too expensive) would
have such an impact. Interestingly, as soon as the problem was understood, we were capable to
invent a simple solution, which eventually was cheap and worked well. Designers need a
challenging and above all tangible problem to become creative.

2.6

Conclusions
The research questions revolve at one hand around team cognition; and at the other what the
contribution is of designers. These questions are vividly illustrated by means of the examples,
that represent the course of events of few weeks.

2.6.1

Comparing sensemaking & reflection-in-action
In the weeks two rather distinct periods can be articulated: a period of a team making sense of
the situation it is in; and a period where a solution is devised. In the first period more an more
team members are involved, aptly depicting how the series of surprises became known to the
team at large, depicting team consciousness dealing with the events. In the second period less
and less meetings were required, and team members knew what to do, aptly depicting the
emergence of team mind. Pivotal hereby is the distinction between sensemaking and reflectionin-action.
Whereas the sensemaking process was described as a period whereby the team ‘got to the
bottom’ of the problem, the reflection-in-action concerned how the team eventually solved the
problem. Yet, at the moment the events took place, I never was aware that we were in a phase of
sensemaking or reflection-in-action. We tried to grasp the problematic situation at hand, made
proposals to solve it, discussed about it and reflected on it. What the main problem was, only
slowly became known to the team members, including myself. And when we discovered it, we
didn’t knew we found it: it was just another surprising meeting. Looking back one year later, I
can pinpoint when the NPD team ‘hit the bottom’ of the problem, what ended the sensemaking
process, and a more constructive phase started. This distinction only could be made in hindsight!
Hence, considering what team members did, there was no difference. However, at the level of
the team as a whole, the nature of the two processes of team cognition contrasted sharply:

In the stage of sensemaking, the problem transformed several times disruptively. Thereby
the proposals to solve a known problem at hand, often revealed an even more complex
problem. The surprises deepened the problems at hand; questioning the fundamentals of
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what team members had made so far. In a Schönian vocabulary: the surprises reframed the
problems at hand. Looking back it may seem as if the team continuously changed its plans,
and no progress was made. In reality, not before the problem was really understood and
bracketed, progress could be made.

In the phase of reflection-in-action also proposals were made, but this time no longer
disruptive new problems were discovered. Rather, new insights pointed at possible
solutions; either laying bare causal effects, or showing innovative solutions not considered
before. In a way, the solutions transformed several times, but not as disruptively as in the
stage of sensemaking. The surprises reframed solutions somewhat, but were always about
‘better’ solutions, depicting progressive improvement. Thereby the team was not as
disruptively reframed as in the period of sensemaking, hence depicting steady progression.
It shows that these two processes of team cognition indeed needs to discerned, even though for
the individual participants it is hard to distinguish these in everyday practice.
Actually, even the seriousness of the doubtful situation dawned at me in hindsight. Looking back
a year later, it can be established that the discovery of the problem of the ‘blind printer’ marked
the turning point from sensemaking to the phase of reflection-in-action. And even though at that
moment the solution for the discovered problem was unknown, grasping the problem enabled to
have progress.
Also, at the level of individuals, no distinction can be made between the phase of sensemaking
or reflection-in-action. Considering what individual team members do in the distinct stages, no
differences are observed. In both stages, team members tried to grasp the doubtful situation at
hand, made proposals to solve it, discussed about it and reflected upon it. But in the phase of
sensemaking, these proposals resulted in revealing hitherto unknown problems, rather than
solving the known ones. And when the team made sense of the underlying problem of the ‘blind’
printer, they didn’t know that the specific moment ended the sensemaking process. Even though
a rationalization was made of the doubtful situation they were in, it is just another troubling and
surprising meeting, like several others before. In hindsight, the discovery was ‘the bottom of the
problem’, yet I didn’t know that at the time being, and arguably nobody did. The team members
experienced doubt, and the clarity obtained was no different than the clarity obtained at several
previous moments.
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2.6.2

What designers contribute to teams
Five characteristic features are discerned (appendix 2.5), but I do believe that the holistic stance
is not reserved to designers: mechanical or software architects, and some proficient engineers
seem to have the same all-inclusive stance when dealing with a myriad of problems. In this
particular ORE case, the NPD project was in a phase whereby architectural choices were already
made, and the progress was dictated by ‘updates’ of the prototypes: a controlled step – by – step
approach. Hence the holistic stance of designers was pronounced. Similarly, the need for
tangible problems is not something that only concerns designers, it is probably a human trait, as
no one can oversee the complexity as depicted here, hence resorting to practical proposals.
But the other three features are interesting for progressive inquiry. Firstly (1), the outside –in,
user oriented perspective on problems distinguished itself sharply, and I also noted it in a range
of distinct situations. It is a framing whereby any problem or solution that is discussed, is seen
with the perspective how that would affect the intended product, how a user would use it, how
he perceives it, or what he might think about it. It is a worldview so natural to me that I could
not imagine others were having a different framing, until I started to reflect on this particular
case. If a design had to be made for inner covers, handles, user interface, user stickers and so
on, always the user is central, which is logical as these are devised with aim to help a user. But
also technical matters -as hot running motors, or system behavior- are framed by designers from
a user perspective, outside-in. And although these topics indeed have far less impact on the
product as perceived and used than e.g. the user interface, they also shape the ‘look and feel’ of
it. Hence, designers at Océ also take these topics into account, and this perspective showed in
this case to be fruitful for the team as a whole. It enabled to reveal problems that were from an
inside –out perspective remarkably hidden, or enabled the team to compare and integrate
individual choices in a meaningful way. Also, I noted that others included this stance at least
somewhat in their thinking after some time. For a team cognition perspective, it is another way
of perceiving the flux of events and activities in the team, and therefore valuable. Also, it
concerns specific reasoning and imagining skills, to extrapolate the choices made of others into
the realm of product and user. It is not validating whether a product fulfills user need and / or
requirements and hence enhancing the product quality. That is in hindsight, when technological
choices are made and well developed into a concrete product. It is about imaging what the
choices in the NPD team -made at any given moment- could imply for the intended, but still
(partly) unknown product. It is about bracketing particularities in the technological choices
made, that seem be of value for a user if these are articulated or hidden. It is about
extrapolating choices, but with distinct user oriented lenses. In brief: it is about making sense of
technological choices whilst these are being made.
Secondly (2), creating a representational space that integrated the work of several specialists in
one ‘world’ was a break through. It is highly situational, as the representation itself only fitted
the specific situation: it can only be used for this NPD project. In this (and also other) situations I
observed that designers created a highly situational representational space that integrates
multidisciplinary work of others in one ‘world’. The visual skills of designers are widely known
and discussed in design research literature, hence this does not come as a surprise. Yet, what
shows vividly in this case, is how this skill of finding an adequate visual representation enhances
collaboration in a multidisciplinary team. I believe that simply because a joint representational
space was missing, and it concerned a ‘new to Océ’ kind of problem, nobody saw it coming. If
there is a concealed and unexpected problem amidst the previous work of several team
members together; and you have several different and limited representations of the product
you are creating: how can you possibly see it coming? This is a downside of collaborative work of
specialists. It is often said that when specialist work together, things are created nobody
conceived beforehand (e.g. Schrage 1995). But it is not (as far as I know) mentioned also
problems occur nobody conceived beforehand. And the lack of a joint representational space
fully disables to see these kind of problems (and things?) coming. Until all choices are enacted
into a product. Hence a joint representational space is crucial for complex NPD topics like ORE
whereby many specialists contribute, and designers seem to have a skill in finding a
representational space that bridges specialisms. How can we know what we intend, until we see
what we create?
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Appendix 3: The team reflective practice

Even though an organizing framework is developed in chapter 4, no method to study team
cognition exists. However, the video captures a proficient team interacting with an integrated
prototype, whereby on the spot intentional experiments are done. In the framework on team
cognition this is aptly depicted as reflection-in-action (see figure below). The team members
discuss what problem to attend to, experiment with the proto, reflect whether the problem is
serious or not, devise solutions, and so on. For analyzing this meeting, Schön’s reflective
practice is tenet (1983). It is shown that the process of reflection-in-action is well adapted for
design processes (Dorst 1996), and for understanding team design processes (Valkenburg &
Dorst 1998, Valkenburg 2000). Valkenburg (2000) developed an extensive methodology for
studying videos of designing teams, hence it is the main method utilized here.
In chapter 5.5.3, a requirement is put forward that proficient teams need to be studied. This
meeting as filmed is drenched with jargon. Also arguments are used whereby is hinted to other
meetings before (“we discussed that before, and..”). Some arguments need few words, yet are
immediately accepted in the team, though it is unclear why (“this is not good….”). Also the
meeting ends abruptly, in the midst of an ongoing discussion. Yet the team members together
swiftly reconstruct the main decisions at the end of the meeting. No explanations, no contesting
viewpoints and even no ‘who-does-what’ summary is provided. The video depicts aptly a slice
carved out of an ongoing team discussion, including several seniors. Without doubt the
requirement of a proficient team is fulfilled, a team that interacted daily.

3.1

Aim of the study
This study is geared for understanding a team in action, first of all to provide a solid ground for
further studies. But also to observe whether differences can be observed in the way how a team
deals with situations encountered, motivated by the personal observation that it seems that
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fundamental differences exist between team sensemaking and team reflection –in-action.
Therefore the research questions are:
(1) How does the team come to an understanding of the problems at hand, and how do they
solve it?
(2) Are differences observable between team sensemaking and team reflection-in action?

3.2

Theoretical background
In empirical sociological research two worldviews exist (Taylor 2005). The most commonly used
is focusing on conversation between persons. A dialogue is considered a sequence of utterances
made by individuals about a topic. It frames a meeting as a conversation between persons. The
communication is framed around these individuals and what they say. "From a subjective point
of view, the speakers / hearers are agents, and language is merely a resource on which they
draw to produce and interpret a text, in the business of communicating.” (Taylor 2005: pg 211).
This worldview focuses on the individuals, and how they put forward arguments, negotiate,
debate, discuss and decide. It highlights distinctions, contesting aims, power and so on. The
second worldview focuses on the text; it puts the content central. It considers that team
members have different pieces of information they put forward, thereby collectively creating the
content of the topic. Hence a topic is being discussed by means of several individuals (‘agents’).
“[W]e reverse our communicational worldview. It is now two objects (i.e. elements of text) that,
through their being used in conversation, take on an existence as a more complex structure than
that of a message." (Taylor 2005: pg 211). It focuses on content and how this is built up by
means of contributions of individuals together. This worldview focuses less on debate, conflicts
and so on. Taylor did not make this distinction in worldviews to endorse either one of them: he
merely showed a watershed exists. This latter framing fits a study on team cognition, focusing
on the collective. I prefer to refer to it as a ‘team monologue’, capturing a specific quality of the
meeting. The video shows that the team members are not putting forward contesting viewpoints
or aims. Rather, the specialists put forward information of their specific knowledge domains.
Together the team members create a monologue, assembling collectively the content.

Studying team activities as the reflective practice revolves around 4 team activities (Schön 1983,
Valkenburg 2000), and these are shown, including their relations in figure below (Dorst &
Valkenburg 1998, Valkenburg 2000). Firstly by naming it, the boundaries to what ‘things’ or
‘events’ a team attends to are established. This naming imposes a frame: a context for following
team activities (Schön 1983: pg 40, Valkenburg & Dorst 1998, Valkenburg 2000). It provides
focus in team activities. There is a direct relation between names and frames: “the sole
justification for calling a name is when the named content has a consequence for following
activities of a team” (Valkenburg 2000: pg 171). In a frame moves are made: proposals, (mental)
experiments, arguments and so on. By means of reflecting the value of these moves in relation
to the problem setting are considered. Does it solve the problem at hand, is the outcome
conform expectations, is something else required? This reflections can evolve into more moves,
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but also into reframing a problem, as the original frame no longer seems to be appropriate
(ibid.: pg. 196). In the latter case, another frame for guiding activities is embraced.
Sometimes events happen that were truly unexpected and therefore do not fit any preceding
frame: surprises. In Valkenburg’s notational system surprises were not explicitly addressed, only
reflected upon (ibid.: pg. 135 & 215). In this meeting the team members are actively interacting
with a prototype and thereby encounter events, that overthrow all preceding activities and
frames. Whilst making moves, in this particular case interacting with the world, it is possible a
surprise is encountered, that does not fit the existing frame. It may seem that a ‘surprise’ is not
an activity, like ‘moving’ or ‘reflecting’ and therefore should not be added. However, the team
activity of a ‘surprise’ concerns establishing that a surprising event has occurred for the team as
a whole; and not merely for someone.

3.3

Method
To analyze the meeting according the method of team reflective practice three steps are
discerned (Valkenburg 2000: pg. 104 – 122): preparing the data, coding and visualizing. An
additional step is inserted: to code the type of reflections and namings, as will be discussed. A
summary of the steps is provided below.
Step 1: Preparing the data.
The meeting is fully transcribed, as is spoken out by team members. Note that the meeting was
in Dutch, and analysis is done in Dutch as well. All quotes from the meeting below are
translated, thereby inevitably introducing a loss in the translation process. Anything someone
mentions is considered an utterance, and in the meeting of nearly one hour, total 982 distinct
utterances are identified. As sometimes several dialogues are going on simultaneously, in the
transcript the context of an utterance is mentioned, e.g. ‘at the prototype’. Also a storyboard of
screenshots is made of (potentially) meaningful moments, e.g. because people kneeled down to
see something, walked out, or used non-verbal gestures. In total 127 moments are marked as
(potentially) meaningful.

Step 2: Coding
The transcript is coded according the method as developed by Valkenburg (2000: pg. 112 121). Two coders independently coded the transcript, and the codings are compared.
Disagreements are discussed, and if no agreement could be obtained, the specific data is not
used (3 times). The coding is done by the following steps, that are depicted in the figure below.
1. The raw transcript of the meeting is divided into segments of meaningful team activities.
This implies that the raw text of 982 utterance is divided into coherent segments: activities
according to the reflective practice. In total 164 segments were identified.
2. The transcript is cleaned intentionally into a content of team activity, where a coherent and
comprehensible team monologue remains. This concerns removing utterances within the
segments, that have no contribution for understanding the team monologue. The remaining
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3.

content of team activity can still be understood well. It consisted of in total 397 utterances,
what implies that approx. 40% of the original utterances is used.
These segments of text were coded into a closed set of 4 main categories. These are the
aforementioned activities of naming, moving, reflecting and also including surprises.

Step 3: Coding into subsets
Valkenburg used a closed set of 4 main categories (2000: pg 87 – 88). Whilst coding the meeting
we observed that there are differences among the kind of reflections and namings. Whereas e.g.
some reflections concern a move itself, others concern the consequences for the team, like
planning. Or concern the real life context of the move, as the team conducts experiments with a
prototype. It seems that the impact of the distinct reflections are different on the meeting.
Hence, the coded segments within these main categories are analyzed on its distinct character,
and a data driven and emergent coding scheme is developed. Firstly (1) a part of the meeting is
coded by two coders together, thereby discussing the emerging coding scheme. Once this
scheme was established, the entire meeting is coded independently for the sub-categories.
These codings are compared. Disagreements are discussed, and if no agreement could be
obtained, the specific data is not used (1 time). All sub categories are defined and shown in table
A3.1, presented later.
Step 4: Visualizing
After coding, the entire meeting is visualized on a timeline according to Valkenburg’s notational
system. The shapes used are shown in figure A3.2: ellipses for namings; triangles for moves;
circles for reflections and a star for depicting a surprise. The entire coding of the meeting is put
onto a wall, using a large timeline and shapes on which activities were written on (‘naming:
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problem’). Also the segments of utterances of the raw transcript that underlie a segment are
added below on the same timeline, likewise the storyboard of the meeting. This enables to trace
back any coding or finding to the raw transcript or video, establishing a chain of evidence. Or to
reconsider the coding if required. It took considerable effort to ‘map’ the meeting, because it is
merely a slice carved out an ongoing team effort. Sometimes remarks are made that hint at
frames of previous meetings. Also team members demonstrated that they can ‘stall’ a topic for
considerable time in the meeting, if another topic requires attention first. This resulted into
several re-mappings of the meeting. In the photo (figure below) approximately 2/3 of the time
line of the meeting is visible.

3.4

Results

3.4.1

A visual map of team activities
The turbulent meeting is understood and conveniently visualized in such a way that it provides
ground for subsequent studies, in three distinct ways. Firstly (1) the large timeline of team
activities is abstracted somewhat and made into a compact map (see figure A3.19). To enhance
the readability the timeline is now depicted vertically (in line with Valkenburg’s method). It
enables well to explore for meaningful patterns in the activities of the team.
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3.4.2

Comparing team activities
Secondly (2), a table is derived of all team activities, whereby all activities and sub categories are
analyzed on occurrence and order in relation to other (sub-) categories. Table 6.1 provides the
distinct categories and sub categories, including an explanation, examples, and occurrences. It
shows, among others that the team made relatively more reflections compared to the findings of
Valkenburg (2000); which can be explained as the team works with a prototype, resulting in
surprises. Also the situation at hand needed to be extrapolated to real life conditions, requiring
many reflections on the reality of the situation.
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Frames the problem
the team w ill attend to
and / or add new
problematic situations

"Does anyone know where all the sensors are in
the finisher?" (11:17)

Frames a potential
direction of a solution
the team w ill attend to
in order to solve
problems
Proposals for
activities, (mental)
experiments,
arguments

“Hee ..[names teammember]: a small light should
be added here.” (34:43)

On
magnitude of
a problem

What is the impact of
the sub problem for
the intended product?

“How often will this occur in real life conditions
and how bad is it than, really?" (20:50)

On
magnitude of
a usability
problem

What is the usability of
the problem at hand
(follow ing active
experiments)?

“How many people will find this anyway? Because
you really have to sit on your knees.” (19:53)

On reality of
situation

Are the moves
Is that [sensor] actually 'cleared' by opening the
representative for real- door?" (18:43)
w orld situation?
“This is not a realistic situation, normally that
(sheet of paper) would fumble up”. (24:36)

On w hat
happened

What explains the
surpise that
occurred?

Solution
oriented

Surprise

Reflecting

Moving

Naming

Problem
oriented

3.4.3

“hee (..) what I mostly see is that at that position
mostly it s completely fumbled up!” (13:16)

“..in that case we really have to improve that
handle..” (38:08)
Why don't we use this? [points to a small handle]
(24:59)
Could you access it from this side? [points to
printer] (26:23)

"If you are rude you will have shredded paper"
(26:13)

"Yes, but that bothers me: why would I [user]
choose for 'next'? (45: 24)

"You actually can hear whether it detects
something?" [sensor]
"It flushed it [sheet] past this pinch, so it was
already in the other one. Apparently.” (35:39)

On technical What are the technical
consequence consequences of
s
changes: w ork, cost,
planning?

“But in the end that would imply we only need to
change one part” (48:39)

On
analogies
w ith
previous
situations
Summarizing

Are there relations
betw een the move at
hand, and decisions
made before?

"what you said before: you solve it by
flushing..that is not possible here" (12:02)

What is that w e
decided sofar, and
w hat it mean?

That is one thing we know for sure: we will not
pull it back!" (22:25)

Establishing w hether
a truly unexpected
event is experienced
by team as a w hole.

"Pay time! [the noise of a tearing sheet is
noticed]" (25:57]

A decision tree

51

Examples

"that means we have to test it 7x more. (..) That
sucks.." (54:02)

Now that is interesting (..) that handle was
precisely the same kind of handle here." (56:04)

That bothers me as well: will we really make that
handle? (..) or do we consider it rubbish? (39:59)

"It [sheet] is actually not here anymore (..) Ooow
(laughing)" (34:22)

# 1st halve
# 2nd halve

Definitions

Total

13 6 19

36

29%

63

51%

57

46%

5 12 17

30 33

9 6 15

6 8 14

10 2 12

1 1 2

0 5 5

1 1 2

1 6 7

2 1

3

2%

Thirdly, a decision tree is derived from the entire meeting. It is a backward reconstruction of
problems that the team members articulated, solutions found and decisions made. These are
constituents of a ‘branch’ of the decision tree. This disaggregation was based on the outcomes
of meeting as communicated by email and the team reflective activity chart. Of importance is the
decision tree not only
enables to do
progressive studies,
but also to compare
the decision made
with the actual
alignment and
coordination of
activities of team
members later in
time, depicted by the
eventual product. Put
simply: can the
decision made be
traced in the product
as is sold? Below this
decision tree is
shown.

3.5

Discussion of results
This study not only deciphered the nearly incomprehensible meeting, providing a platform for
further study; it also laid bare insights that will be discussed below.

3.5.1

Comparing sensemaking and reflection-in-action
A finding concerns the shift that can be observed in the pattern of activities. This shift revolves
around a surprise, approximately halfway the meeting. This surprise fully transformed the
patterns that can be witnessed in the team activities.

52

Team reflection-in-action
The second halve of the meeting, after a team surprise, has a character as designated by Schön’s
reflection-in-action. Hereby a problem is framed, moves are made and reflected upon (Schön
1983; Dorst & Valkenburg 1998; Valkenburg 2000) as can be seen in the figure below. Namings
concern mainly solutions rather than problems, and the type of reflections vary, including what
the technical consequences are of a solution to be implemented. Will it solve the problem? Is it
costly? Do we have enough time? Yet, even this phase is still pretty hectic, as ideas are put
forward and reflected upon swiftly, as can be seen in the example below. Within less than 50
seconds a frame is named (`Handle should not attract attention too much"), several moves are
explored (size of flap; small light; sticker), and a reframing occurs. Possibly this has to do with
the multidisciplinary character, whereby small ideas are put forward and immediately evaluated
across disciplines.
G
To recap: what we agreed is that in some cases, in extreme cases, we will guide him
[operator] to that thing. In that case we need to consider how we will do that with a “next”
scenario, and a sort of small handle.
G
At the same time, we don’t want to put the attention to much onto it.
F
One needs it in 1 pro-mille of the cases!
G
(..) I don’t want to have a handle begging ‘pull me, pull me!’; if an operator has hardly
ever to pull it. (..)
X
The flap will remain the same size?
F
The flap?
G
We are talking about the handle.
X
You also mentioned a small light?
F
No: we will not deploy a light.
J
A handle should provide sufficient space for a sticker, with information.
F
No, no….why? There is no sticker required at all!
J
It should have I name. I [user interface} cannot guide an operator to a handle without a
name!
F
Why not?
G
(..) Now that is an interesting train of thought..
(55:13 – 56:04)

Team sensemaking
The first halve is fully different, and poorly seems to fit the reflective practice. Actually it was
hard to code the first 10 - 15 minutes of the meeting in this method, lacking strong frames,
some of them stalled for considerable time. Most namings and hence frames are about
problems. Once a problem is named, team members sometimes do not make moves, but reflect
immediately on the consequences. 25 out of 28 reflections concern the magnitude of the
problem; the magnitude for usability; or the reality of the situation. Also some active
experiments (moves) with the integrated prototype are conducted, that resulted into the 3
encountered surprises. It disruptively ended what the team was doing.
The team is actually not progressing in a reflective way, but is making sense of the situation they
are in. What is the problem at hand, is it serious, are the considerations realistic? And who
knows what on this specific matter? Potential problems need to be outspoken and considered by
all team members, in order to reflect on the implications within their domains. Below a quote
from the raw transcript shows this pattern, requiring knowledge of different disciplines, and
people reacting on what the others are saying at a high speed. Point is that within these 11 lines
in less than 40 seconds (!) three frames pass rapidly that come back again and again later in the
meeting: ‘heavy sheet of paper’; ‘fumbling up’; and ‘sensors’.
F
G
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A heavy sheet of paper…
Hee what I want to say is: I often see that it often completely fumbled up over there..

J
But heavy sheets of paper do not fumble….
G
Ok
F
This one is thicker..
V
But if it is completely fumbled up, it remains the question whether it actuates the sensor.
J
With a heavy sheet of paper it simply does not fumble. That is the point, it is too thick.
G
Yes, well..yes. My problem is that thinner sheets do fumble, and I need to open up this
flap first before I will see the fumbled sheet.
S
Or is it for every finisher different?
F
Now you say something: that is an additional problem.
S
(..) Is at all finishers that the first sensor is before the first pinch? (13:10 - 13:52)

3.5.2

Factors constituting team cognition
The pivotal contribution of the prototype
Another finding is the pivotal input of the prototype for team cognition; and above all the
interactions with the prototype. Note that an earlier meeting was broken off after 10 minutes as
it was staged in a separate meeting room. Without actively experimenting with a prototype, the
problem at hand could not be judged. The proto also contributed strongly in finding solutions.
Team members propose potential solutions by means of the proto, pointing at parts or buttons
that are existent but need a change. Or point ‘in the air’ to things that are non-existent, but by
continuously doing so the other team members know what is meant.
The prototype enables team members to experiment and experience e.g. the usability
themselves. But the prototype was not merely an evaluation tool: it also provided a platform to
discuss the state of affairs of all individual contributions. Although all knowledge was available it
was distributed amongst individuals.The combination of their collective work was not overseen
by any team member, let alone that solutions can be devised that are cross disciplinary. Only by
actively experimenting with the proto it was possible to combine all their individual
contributions in different knowledge domains, and to reflect on the effects of this combination.
Also team members proposed solutions by means of the proto, pointing even ‘in the air’ to
things that are not there yet, but by continuously doing so the other team members know what
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is meant. The prototype embodied knowledge no one could oversee, and as a result is part of
the team cognition (chapter 5, see also Hutchins 1995).
In short: the proto served as a boundary object, an object that enables collaboration across
disciplines because people of different knowledge domains have difficulties understanding each
other’s domains (Carlile 1997, 2002, 2004); and even enables to transforms individual
contributions into new knowledge in between the domains.
Role play
The active experiments the team did sometimes had a specific character. The team sometimes
engaged into a sort of role play, whereby one of the team members pretended to be a user,
performing as what the team considered what a user would do. Including doing all irrelevant
steps, considering the problem they are discussing at that moment. Below such a role play is
depicted, and note that other team members ‘guide’ the team member who pretends to be a
“cross-eyed operator”. There is a dramatic twist, because several team members know that there
is serious risk of damaging the (very expensive) proto, what actually happened 10 minutes later
in another experiment. So the ‘actor’ doubts whether he should really do it, stating: “I will pull
the handle now!”, what results in others nearly shouting to do it anyway, despite the apparent
risk at hand.
X
I am an ordinary operator, I will pretend to be a bit cross eyed…
X
I assume: there is no error, so I will be guided to the engine. There I will be told: open the
horizontal transportation.
G
But let us see what is over there..
X
But I want to simulate it
X
The simulation is eeuh…I open the horizontal transportation.
G
Wait: won’t we do the regular 1-2-3 now?
F
Wait: the error scenario is…was it not: look in the finisher?
V
No, of course not, because the finisher does not detect anything, if these LED’s are off.
G
You are guided to this position.
X
I will pull the handle now!
F
Do it, do it!
G
Pull it open!
X
I do not see anything, I do not sense anything…
G
That is one. That is two. No: this is two.
G
And three is: pull the handle
X
So. Ready.. (laughter)
(22:30 – 23:45)

Even though he is not really a user, and surely there are risks involved in doing this, it serves
that the entire team eventually agrees that what is performed is sufficiently depicting a real
world situation and that the outcome is accepted. In this particular situation the problem turned
out to be not so bad after all, but some time later a role play resulted into damaging the proto,
and as a result the team immediately agreed it was a serious problem.
Thinking aloud
Team members often seem to ‘think aloud’, they mention things on which others do react
immediately across disciplines. Or summarize a couple of matters in order to check not only
whether it is true what he / she thinks, but also to enable others to consider the consequences
in their domains. Below a fragment show this aspect, of ‘team thinking’. One team member
summarizes what he understood, thinking aloud, checking whether the others not only agree
but also ‘fill in the gaps in his knowledge’. His argument his basically: if…..and if….. and
if….than I have the question….. His argument is checked or corrected by others. It serves to
recapitulate what was said, and by means of acting out what the consequences are at product –
user level e.g. another question is put forward or a solution proposed. Without this mechanism
of thinking aloud, it is impossible to cross the boundaries between disciplines. The kind of
problems the team is dealing with simply does not fit nor can be overseen by one of the team
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members. And, as the surprise that changed the meeting already showed as well: problems and
solutions are in between the knowledge domains.

S
Ho, one step back, please. There is a sheet of paper that is detected by the finisher. I can’t
remove it, and I solved anything else. I will close the door, correct?
G
That is not yet correct.
S
He still does not…uhm, yes
S
Close, the door, it is still detected over there, the ‘next’ will appear over there [in user
interface]. Correct?
S
That is what we said: ‘next’ appears over there…
J
Or..
F
Or ‘next ‘ was already there..
G
Yes but…I don’t know.. Lets name it the ‘next scenario’.
O
According to me it remains the same [error] location.
F
Yes.
S
I press the …euh, I will go to, I am….whatever. I press ‘next’. So I will be directed from the
[interface] screen to the handle for which (name) will devise something nice.
F
It states: open front door, and that specific handle.
S
Yes, exactly.
S
I open that flap and remove a sheet.
J
In that case the sensor to the finisher is cleared.
S
Do we check that sensor?
(51:35 – 52:20)

3.5.3

Co emergence of problems and solutions
Another aspect that emerges from the team meeting is that problems and solutions co emerge
(see also Dorst and Crilly 2001). Problems are not established well, nor framed clearly before
solutions are proposed. Often it is the other way round, that people put forward solutions
whereby problems emerge as a result of the solution; or things are named that turn out to be
both a solution and an undetected problem at the same time. Below a quote is given of a team
member who also starts thinking aloud “so that I can understand”. He summarizes what was
said, points at the proto and checks with others whether it is right what he states. In the midst
of his argument he discovers a problem which they did not consider yet: “well: it is already
interesting what text we have over there!”. Even though he finishes his question, a new problem
was found that will be dealt with later. By articulating the solution, as he understood it and
checking it across the disciplinary boundaries, he also discovers an overlooked problem. By
means of acting, i.e. proposing solutions, thinking aloud and role play, solutions and problems
coemerge.

G
(..) Let me make this very clear, so that I can understand it. You say that if they [users]
have it, this situation, in that case it [sensor] keeps detecting it here. And you do not know….
V
And you keep having the same [UI] screen. You will think: I [operator] don’t see anything.
G
It [finisher] is stuck, it is stuck, it keeps detecting that one [points at sensor]. In that case
you have….eeuh. Well: it is already interesting what text we will have over here! But that is not
my point. What you [UI screen] will say here, is ‘next’.
G
Right? So you have to provide clues so that people understand: ok, now I have to press the
‘next’ button.
J
Yes.
(47:27 – 47: 57)

Also solutions emerge, by means of articulating and evaluating a problem. Actually the surprise
that changed the meeting shows this best. Team members together attempted to evaluate a
difficult problem, that possibly could result into serious delay. Hence stakes were high: is
usability insufficient and is a delay inevitable? Or is the usability poor, but not so bad that large
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interventions are required? But whilst the problem was assessed, a solution revealed itself, a
solution that was hidden in the collective previous choices and work of team members.
Articulating the problem showed the solution.

3.6

Conclusions
Nearly 6 months later it is checked whether all these solution are implemented by team
members. Some details were elaborated, but the decisions as depicted in the tree were easily
traceable, and all implemented. Note that some of these required the effort of several
specialists. No additional team meetings were organized to check whether everybody did his
task. Of interest here is that the meeting was about getting available knowledge together to
grasp and solve a problem. Once such a problem is tackled in a way that apparently everybody
understands it sufficiently, each team member can proceed with his own activities, relatively on
his own. The constructive discussion was about content only, and not about who-is-to-blame or
even who-does-what-next. Team members literally ‘think’ collectively; are capable to derive the
consequences of choices made in their domain and apparently trust each other on it. These kind
of meetings serve well for quickly aligning activities, i.e. enhancing the team cognition. Two
questions guided this study:
(1) How does the team come to an understanding of the problems at hand, and how do they
solve it?
(2) Are differences observable between team sensemaking and team reflection-in action?
Concerning the first question, several factors are discerned that enhance this ‘coming to know’
of problem and solution, i.e. team cognition: the prototype; interacting with the prototype; role
play and thinking aloud. Thereby typically problems and solutions coemerge every now and
then: by proposing a solution, a new problem is discovered. By means of articulating a problem,
sometimes the solution emerges. What is articulated in this study, is the importance of acting for
team cognition. By means of someone thinking aloud, others can not only validate the argument;
but also provide supplementary information. By means of pointing and interacting with the
prototype, team members understand and discuss solutions and problems. By means of
expressing a proposal, others understand another problem is concealed. By means of a role play,
all can observe the consequences of their collective choices and discuss it on-the-go. Put
differently, in order to access what people know, establishing what relations exist between what
they know and transforming what they know; team members need to act, and these acts need to
be seen / heard by others. Only in the real world of things and speech the witnessed dynamical
collective thinking processes occur.
Concerning the second research question, fairly large differences can be seen between
sensemaking and reflection-in-action. The patterns of team activities are rather different;
whereas sensemaking the activities seem to lack frames, going anywhere; reflection-in-action
processes are more structured, showing well established team frames in which moves and
reflections are conducted. Yet both are required to progress. Sensemaking concerns combining
what is known among team members. It is a team effort to make sense of the inherent relations
between what is known across team members. It is making sense of problems and solutions that
are concealed in the collective work, and only can be articulated by means of acting; i.e.
proposing things, pointing at things are conducting evaluations with a prototype representing
their collective work. Thereby often surprises are encountered, as pieces of information are
added that reshuffle all that is known (“Now you say something: that is an additional problem”).
These surprises reframe the team entirely, requiring them to ‘restart’.
Reflection-in-action can be witnessed when the team sufficiently grasps the problem at hand,
and solutions are sought for. Frames guide possible directions, and though surprises also occur,
they do not put the team back entirely, but rather provide new conceptual directions for solving
a problem (“now that is an interesting train of thought”).

57

58

Appendix 4: Cues & frames

In the previous study the team reflective practice is studied, whereby frames are tenet. However,
frames are incited as well. E.g. in the meeting both the prototype and interacting with the
prototype are found to be highly constitutive for the team meeting content, as details bracketed
by someone were the origin of a discussion. This noticing and articulating events or things are
named ‘cues’ in the framework in chapter 5. This study concerns discerning the cues that
started thinking processes; that are the origins of frames. In this study the entire team meeting
is still framed as a team monologue, whereby the content is leading in the analysis and is
outspoken by several team members.

4.1

Aim
Understanding what cues incite team frames may provide insights in the contribution of the
environment on team cognition. As can be seen above, in the pragmatist framework on team
cognition the flux of events in the environment are part of both sensemaking and reflection-inaction processes. But it gives no insight what type of cues e.g. result into discerning problems;
or what cues are bracketed that result into solutions. Hence, the questions for this study are:
(1) What cues incite sensemaking processes?
(2) What cues incite reflection-in-action processes?
(3) How and why do these cues incite these processes?

4.2

Theoretical framework: cues and frames
In the organizing framework meaning arises from our interactions with others and with the
environment. This notion also underlies Schön’s reflective practioner (1983) and Weick’s
sensemaking (1995). We all find our way in the world and perform actions based on our
expectations of what will happen. As long as these expectations are met, it is ‘business-as usual’. But when these expectations are not met, an active thinking process starts to understand
the doubtful situation and to reframe the situation in order to anticipate the ongoing flux events
once more. In Schön’s vocabulary these are named surprises. In Weick’s theories on
sensemaking (Weick & Daft 1984, Weick 1995), the bracketing and interpretation of things and
events in the world around us is pivotal, he conceived organizations as interpreting systems.
Thereby “the substance of sensemaking starts with three elements: a frame, a cue and a
connection” (Weick 1995: pg. 110). As argued in chapter 5.4.2, extracted cues evoke action,
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originate thinking, guide further activities. Frames are perceptual frameworks, that categorize
what we see and what we know and guide our (thinking) activities; cues are extracted things in
the world as we experience it, in the here-and-now. Making relations between them is the
process of creating meaning.
The relevancy for the critical meeting is that cues spark frames, change existing frames, or incite
reflections in people what they are doing. A cue bracketed by someone, results in naming a
problem, a solution or a reflection. In turn this results in subsequent team level activities. Hence,
in order to understand the frames used and the reflection made of a team in action, cues are
relevant. By means of pinpointing these cues and the way how the team makes sense of the
cues, the meaning that the team attribute to things and events can be understood better. The
problem with cues is that they are swift and often people are not necessarily conscious of what
sparked their thinking, let alone verbalize it. Any attempt to pinpoint cues is necessarily
subjective.

4.3

Method
Cues are bracketed and named by individuals, and (may) lead to a team level frames, or to team
level reflections. Hence, cues always precede shifts in the team activities. In order to identify
cues, it is assumed that unexpected shifts in the team monologue would be a result of a cue
identified by a team member, just before a naming occurs. This possibly can lead to a naming
and sometimes into a team frame. But not necessarily: sometimes namings do not result in a
new frame for team activities, as the ‘naming’ is stalled or refuted. Therefore to identify cues
that constituted the team activities considerably, a 4 step approach was adopted.
Step 1: Pinpointing unexpected shifts in the ‘team monologue’.
The first step is pinpointing awkward shifts in the team monologue, whereby suddenly the topic
at hand seems to change. This punctuation of shifts is done on the base of the raw transcript
and video (and not on base of the team contents). Both researchers independently highlighted
the shifts in the team monologue, that are subsequently compared. ‘Unexpected’ implies a
subjective stance on the subject matter, as it is unexpected for the researchers. All shifts that
are coded by either one of the researchers is used as data. Below an example is provided.
Subsequent to an evaluation with the integrated prototype that was considered critical, a team
member (X) ‘miraculously’ proposed to re-do the entire experiment with a sheet of 50 gr (light
media). Using light media was not discussed before, nor doing the same experiment in several
ways. So why does he come up with this move?
X
F
G
X
G
G
X:
X
X
X
F
S
X

I will pull the handle now!
Do it, do it!
Pull it open!
I do not see anything, I do not sense anything…
That is one. That is two. No: this is two.
And three is: pull the handle
So. Ready. (laughter)
There it is.
Shall we now do it with 50 gr’s?
This one doesn’t tear.
That is another thing…
This is 50, eeuh, 60 gr’s. Is that appropriate?
Well, 60 will do. (23:45 – 24:12)

Step 2: Choosing decisive shifts.
As many shifts can be found (including small talk or jokes) a filtering process is required. It is
decided to use only those shifts in the raw transcript that seem related to any of the main
decisions taken. The decision tree (see appendix 3) serves as a reference. What shifts that are
identified have a relation with the decision tree? This choice of what shifts to attend to, is done
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in discussing the data by two researchers together. The example above, ‘shall we now do it with
50gr?’ is identified as a decisive shift for a specific ‘branch’ in the decision tree: see below.

Step 3: Discerning cues
This step concerns pinpointing and judging: what are the credible cues that preceded these
selected shifts in dialogue? The reason why team members suddenly propose something cannot
be objectively understood. So in this step potential meaningful cues prior to the shift are
highlighted: what might be the origin why someone shifts the attention to something new? The
coding was done separately by both researchers and discussed afterwards. Only cues that were
mutually agreed upon served as data. In total 79 cues are identified that served as data. In the
example above, ‘shall we now do it with 50gr?’, it is interpreted that the experiment with a
‘heavy’ (300 gr) sheet of paper was the cue that originated this shift. To be more precisely: the
fact that the sheet didn’t tear, contrary to expectations. It could be seen in the video that it
behaved differently than the team members expected, making much noise but not tearing (“this
one does not tear”).
Step 4: Coding the character of the cue.
A data driven and emergent set of cues was used for coding. Firstly approximately 20 cues are
discussed together, that resulted in a closed set of three categories, see below. Subsequently all
cues are coded separately by both researchers and discussed afterwards. This resulted in a high
interrelator score: only 3 cues out of 79 cues are not agreed upon, and are marked with a
question mark. The example above, ‘shall we now do it with 50gr?’ was coded as ‘role play’. The
categories are:

Dialogue
When someone reacts upon someone else’s argument, question, joke. In the figure below, a
characteristic example is showed. One team member mentions: “why do you mention that?
Because that bothers me”. Something that someone said provide a cue. The others are
focused on the team member, and not on the prototype.
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Proto
When someone reacts on something he / she sees at the available proto. In the figure below
it can be seen that a team member points at a specific part that worries her. It is incited by
what she noticed at the prototype.
Roleplay
Every now and then the team engages in a role-play as an operator interacting with the
printer. Sometimes this is done intentionally, sometimes someone spontaneously adopts
the role of an operator in order to explain something. In the figure below a moment is
shown when an intentional role-play is conduct, whereby team members explain to the
actor what he has to do.

4.4

Results

4.4.1

Occurrences
In total 76 cues are coded as belonging to a specific category, and below the occurrence can be
seen. Most cues that sparked decisive shifts originated from what was said by someone (41
occurrences). Cues as a result of role play or of the proto
nearly equaled each other. Both can be considered as
interactions with the world, and not as much as
interactions with others, so in this meeting 35 cues are
traced as a result of interactions with world. As problems
and solutions often co emerged, it was not possible to
discern what kind of cue sparked an problem, or what
kind of cue sparked a solution.
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4.4.2

Visualizing findings
Below a visualization is provided of the findings by means of Circos software (for an expalanaion
see chapter 3.3.5). The left side of the circle depicts the two discerned stages of the meeting,
the two halves. The right side shows the occurrences of cues that preceded decisive shifts that
were discerned. The larger a segment, the higher the occurrences distilled. The ribbons between
the left and right side shows the relation: a small ribbon shows that in that halve only few cues
of a specific category are discerned. A large ribbon shows that many cues of a particular
category are discerned. This visualization shows well the distinct character of the two halves of
the meetings, as far as cues are concerned. The first halve shows that cues that are noticed and
bracketed in the outside world are dominant, i.e. whilst conducting role play or observed at the
prototype. The prototype surprises team members every now and then; and the role play
enhances the interactions with the prototype. In the second halve the pattern changes: most
cues are a result of what team members mention. The prototype itself hardly ‘surprises’ team
members anymore.

4.4.3

Comparing sensemaking and reflection-in-action
As is concluded in the study ‘the team reflective practice’ (appendix 3) the meeting roughly can
be divided into two halves, a sensemaking process and a reflection-in-action process. Below an
overview is given of the identified cues in these two halves. The cues that incited shifts vary
considerably.
Sensemaking
Of interest is that the cues that lead to decisive shifts in this part of the meeting, are often a
result of interaction with the proto. In total 22 shifts in the team monologue could be traced to
the prototype, or interactions with the prototype; as opposed to 15 shifts that come from what
someone says. In the example below it is shown: someone asks how another team members
knows how a sensor is made, and is explained it is by means of a LED light. This incites a
relevant reflection with a third team member. The cue snares a frame.
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G
S
V
G
F
V

You hear whether it [sensor] detects it [a sheet]?
No. You can see that with the small LED light.
There is light over there.
There is a LED over there…..cool.
Yes. They are quite handy these LED’s … (laughter)
Is that one cleared on the door anyway?

(18:34 – 18:40)

In this phase team members also conducted actively a role play several times. The role play is
about imagining how an operator will interact with the printer as-is. Interestingly in this
sensemaking process it has to be conducted as precisely as possible: no step may be left out! In
the example below, the team member who is acting has to do meaningless steps, to his own
surprise (“but you are guided there..”). Put differently: sensemaking concerns assessing the
state-of-affairs, and team members are preoccupied about details.
G
X
G
J
X
F
X
V
X
G

You are guided to this position
Ok (..)
Now you get the ‘do 1-2-3’. And step 3….well (..) step 1 and 2 we can skip…yes..And now
you will open the HT unit.
No, no. Step 1 is that and step 2 is that, and those…
I will pull the handle now!
He will pull the handle: be my guest.
Is the solution over here?
No, there is nothing.
But you are guided there..
You are guided there, but it won’t help you…

Reflection-in-action.
In this period cues originating in the dialogue are prevailing to explain what incited shifts in the
team monologue. They discuss possible solutions, design new strategies. Above all the
prototype itself does not seem to have a important contribution anymore. Team members are
imagining solutions, reasoning out the consequence, Thereby they literally are moving away
from the prototype (see below). The example below depicts this largely imaginary reflection-inaction process well: first a frame is named (“next button”), and others propose alternatives on
which is reflected. No prototype is required: cues concern what is said: ‘label’; ‘panic button’ and
‘maintenance button’.
J
On the moment you [operator] see the button, then question is: should it be a button
everybody immediately will press. Or should it look that makes you think: well, I will not touch it,
normally, But in case of an emergence, I will give it a try and then..
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F
S
J
G
J
F

Then it needs another label, I would say
Panic button..
Panic button? No…
Panic button, that won’t do it.
The behavior resembles the ‘maintenance button’.
I won’t discuss it: it is and it never will be maintenance. (..)

(54:40 – 54: 59)

But role play is still a fruitful origin for cues that incite thinking processes. Team members act
out scenarios, but this time summarizing choices and / or imaginary solutions rather than the
state-of-affairs. Thereby team members think aloud (see appendix 3) and point to non-existent
parts or user-interface screens. Put differently, the team is imagining things, and reacts onto
(non –existing) things described by means of the ongoing discussion or by means of acting out
possible scenarios. Below the example is provided in brief once more whereby a team member
thinks aloud out a couple of proposals. He thereby is pointing at (partly) imaginary things.
S
S
S

S
S

4.4.4

Ho, one step back please. (..) I will close the door, correct? (..)
[closes door]
(..) the ‘next’ will appear over there [in user interface]. Correct?
[points at user interface]
… I press ‘next’. So I will be directed from the [interface] screen to the handle for which
(name) will devise something nice.
[points at non-existent handle]
I open that flap and remove a sheet.
[opens flap]
Do we check that one?
(51:35 – 52:20)

The time delay between individual cues and team frames
Cues are noticed and bracketed by individuals who put them forward by naming things; yet it is
the team that decides whether or not it guides team activities, i.e. if it becomes a frame. Do
others ‘feel’ or ‘see’ the same problem or solution? Do they commit to the proposed frame? A
finding is that problems, ideas or reflections often are mentioned by someone, but only become
team frames minutes later. They mention something, that the team ignores, or does not commit
to. Below an example is given, of an experiment that was conducted, just before a large surprise
turned everything upside down. One of the team members somewhat casually asks a seemingly
arbitrary question, and makes a personal reflection, that seems to hint he is already aware
something odd is going on. The others do not respond.
G
F
F
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You acted too fast, I think….
6039 errorcode (..)
Did it [proto] handle it [error] properly?

J
F

He handled it properly.
I like that. If this is true.... (31:25 – 32:17)

This is an individual reflection, preceding the team surprise about 2 minutes. It shows firstly (1)
that team activities are incited by namings as a result of cues, these nevertheless are bracketed
and extracted from the flow of events and the world by individuals. Secondly (2) it shows the
inherent time delay between an individual noticing a cue, and a team committing to a frame.
Several of these delays between (individual) namings and (team) frames are observed, sometimes
spanning minutes. In the vocabulary of the reflective practice; these namings are ‘stalled’,
coming back to team consciousness once conditions are better, turning into a frame after all.

4.4.5

Collective experiences
The inherent time delay is mediated by frames: these shape what the team attends to. If
something is noted and named outside the current frame, it easily is ignored, it ‘drops dead’.
The other way round, if something occurs whilst the team focus is on it as result of a strong
frame, it is experienced and noted collectively. In this particular meeting, role play and active
experiments with the prototype have a decisive impact on the meeting. These focus the
attention of the team on the prototype and interactions with it; providing a rich source of
meaningful cues. If the team decides to conduct an experiment, all attention is anchored around
the prototype. If the experiment ‘fails’ or results into a surprise, all team members are
experiencing the same flux of events, and will extract similar cues. Despite their differences in
knowledge domains and backgrounds, these experiences are fairly similar for all. As a result the
team easily accepts the consequences, and can commit to a reframing. If at the other hand only
an individual notices a cue at an arbitrary moment, like in the two instances above, he needs to
indicate it to others. The question is whether others will accept that, as they lacked the cue that
‘seeded’ the train of thought. Hence, collective experiments frame team members around a
specific course of events and seem to be both a fruitful source for extracting cues, and reducing
the inherent delay between bracketing a cue and an imposed frame on team activities.

4.4.6

Embodied experiences
It seems that experiences that are felt bodily, deeply shapes frames of thinking. Of course it is
impossible to look inside the minds of individual team members, but several shifts in the
dialogue are preceded by particular events; events that are experienced bodily. Several examples
:

Team members had to conduct experiments in uncomfortable positions, sitting on their
knees: “(..) how many people will find this? You really have to sit on your knees (19:53).

Team members had to look for sheets of paper in areas that were dark, inciting a remark:
“X, we need a light over here..” (34:43).

Team members had to bend deeply to retrieve a sheet, remarking: “this way you can hardly
access it” (14:55)

Team members discuss the unusual sounds they hear when the printer starts: “You actually
hear what is happening!” (32:41)

Sounds of tearing paper suffice for team members to know a serious problem is
encountered: “Pay time!”.

The feeling of extracting a module make a team member notice something has broke:
“Wait, wait! It is stuck!” (27:04).

Parts are only noticed, if someone bends deeply, even laying flat on the floor: “Wait, we
have a small flap here! Why don’t we use it?” / “Well, that is precisely the problem: it is
nearly impossible to find it!” (25:58).
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This may be obvious: put someone in an uncomfortable
position and he will frame the situation he is in
differently. If a strange sound is noted, all attention is
drawn to it. These events strongly shape the topics a
team attends to, and what activities are deployed. The
experiences of team members in the world are relatively
the same for all involved, providing a solid ground for
all involved. It enables to cross the different ‘object
worlds’ of the team members involved. Sometimes team
members clearly had contesting aims, like project
planning versus the usability. Yet seeing and
experiencing collectively the prototype and the events
at the prototype transformed the contesting aims.
The example below shows 2 parts out of the team monologue, concerning the same problem. In
the first part, someone addresses a new problem, whilst the team is evaluating another
situation. He has been sitting on his knees for 2 minutes in order to prepare this evaluation for
the team. He questions the usability, as operators have to sit on their knees. Although it is
addressed briefly, others are not impressed by the argument, and the problem is dismissed. It is
logical that someone who just sat on his knees for more than 2 minutes will put that into the
discussion. But others were standing there, watching the experiment, and did not have the same
bodily experiences. Yet 20 (!) minutes later, the problem is readdressed, and this time the team
commits to it. By that time, all team members have assessed similar situations, thereby laying on
the floor, sitting on their knees or bending over deeply over a door (figure A4.8). Several times
they discussed how hard it is to access specific position: “It is possible. But mon dieu! You really
have to know where it is!” (30:09) They all experienced to sit in uncomfortable positions
themselves. When the problem is readdressed, this time the argument is accepted. The
collectively felt (bodily) experiences of interacting with a prototype in the real world shaped what
is considered ‘good’.
G
How many people will find this in reality? You really have to sit on your knees. (..)
F
I understand what you say, but there is nothing we can do. The light is on (..)
X
So we have two cases. Case 1 is that the sensor detects it in the finisher. The client will be
guided to the finisher automatically. In that case we assume that the client will find the sheet, as
he sees it real life.
(19:53 – 21:07)
………………………………………………………………………………………………………
F
Yes, but… What on earth are you hinting at? According to me we simply have no problem
anymore.
J
Well…I still have that specific situation whereby an operator cannot access it and the
finisher sees it [sheet] anyway. That situation (..)
F
Ok, ok. If an operator cannot solve it, despite the instructions.
(40:50)

4.5

Discussion and conclusions
Three questions in the beginning of this study are put forward:
(1) What cues incite sensemaking processes?
(2) What cues incite reflection-in-action processes?
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(3) How and why do these cues incite these processes?
What cues incite sensemaking processes?
In the first halve of the meeting a sensemaking process is observed. The team members were
attempting to assess the situation at hand, thereby putting the dispersed knowledge together:
“does anybody know where the sensors are?” (11:17). The prototype itself is often the focal point
of team activities, as team members point to things, look at things; interact with it and even
conduct deliberate role play. Thereby remarks are made that add information that cannot be
seen in the prototype itself, because it is not implemented yet: “but wait: isn’t the error scenario
not...(23:11). Or because the experiments render reality, but are not reality: “this is not a
realistic situation: in normal conditions it [the sheet] would fumble” (24:36). Put differently: team
members attempt to make sense of the situation they are in, the state of affairs. An important
source for extracting cues therefore is the real world. This is represented in this meeting by the
prototype. Hutchins (1996) discussed ‘distributed cognition’ as a system of humans and their
environment together. In this particular context the proto should not be seen as enabling
evaluation, but as part of the cognitive system, enabling humans to think and do specific
experiments. But also additional information concerning things that are not implemented yet, is
put forward. This putting together, piece by piece is also constituted by the ongoing discussion,
whereby team members almost ‘think aloud’, enabling others to respond from their specific
specialisms. This shows to be a characteristic feature of making sense of things: things that are
felt doubtful need to be understood sufficiently, by means of putting together and assessing all
knowledge available of the state-of affairs.
What cues incite reflection-in-action processes?
Gradually the proto itself hardly ‘surprised’ the team members anymore, and the situation is
understood. In the second halve more imagination was used, by means of ‘if..than..’ kind of
arguments, regardless whether it concerned ideas or problems. The aim is no longer assessing
the state-of-affairs: it concerns devising new solutions, the ‘should-be’ situation. This situation is
not represented in the real world, and many cues are extracted from the ongoing discussion.
However, the topic at hand was so complex that every now and then team members resort to a
kind of role play, acting out scenarios, whereby all what is learned and decided is integrated.
They point to non-existing parts, mention what an user interface will depict, and even solve
imaginary paper jams. This sequence of actions is another rich source for cues, sparking all
kinds of problems or solutions not considered before. These role plays with partly imaginary
objects resembles the assessment of the prototype.
How and why do these cues incite these processes?
Fundamentally two main types of cues are discerned: those that are extracted from the ongoing
discussion, and those that are extracted from (interacting with) the world. The proto is a rich
source for providing cues, that in turn are the seed for frames, reframing and moves. Especially
when people interact with it in order to find and interpret problems, the proto is strongly
constitutive. These felt experiences are remembered well, they are ‘embodied’ (Lakoff & Johnson
1999; Johnson & Rohrer 2007, Johnson 2010). Of interest is that these experiences are
quintessentially the same for all involved, providing the same rich source for extracting cues we
attend to. People feel the problems at hand bodily, they experience what they have made
together, which shapes following thinking and dialogues. Deliberate experiments are even
stronger in constituting cues and frames. As the attention of the team members is focused on a
specific activity, they undergo the events that pass from then on together. If these experiments
lead to surprises as the flow of events passes differently than was expected by the team
members, a team sensemaking process starts. These collective experiences provide solid
bearings for discussing problems or finding solutions. Thereby at one hand the prototype
enables to cross disciplinary boundaries, as all team members sufficiently understand what is
going on at the proto. It is a ‘boundary object’, crossing disciplines and every now and then
transforming knowledge (Star & Griesemer 1989, Carlile 1997, 2002, 2004). At the other hand, it
concerns interactions with the prototype, and the surprises encountered. These kind of events,
that enable to have a shared experience by all involved, can be named ‘boundary events’. These
–likewise boundary objects, enable to cross boundaries between specialists that are prevailing
within multidisciplinary teams.
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Appendix 5: The dynamical interplay of
roles

In order to understand the multi layered and complex team meeting, in the analysis of the team
reflective practice the entire dialogue was considered a ‘team monologue’: a topic is being
discussed whereby the team members put forward different aspects of the ongoing topic at
hand. It is a topic / object being discussed by means of several agents, team members who have
a role. A team monologue perspective separates the ongoing dialogue from its origins and made
it autonomous. It shifts the lenses of the researcher from the level of the individual level to the
team level (Taylor 2005: pg 211). This framing enabled to analyze the meeting, but gives no
insight into the specific contribution of designers (or other roles) within this meeting, nor gives
insights in the dynamical interactions between roles.
In this study the individual contributions of designers and other roles are highlighted It focuses
on interactions and the interplay of these individual contributions. The main research question
is: what do designers (and other roles) contribute in the team meeting?

5.1

Theoretical framework
There is another perspective, that focuses on the individual contributions, what can be named a
text-in-conversation perspective (Taylor 2005, pg 210). This text-in conversation perspective is
framing the meeting from the perspective of individuals who make contributions by means of
saying things and pointing at things. Others react to these contributions. It considers a dialogue
an dynamical interplay of contributions of ‘subjects’, the team members, and focuses on the
dynamic of the interactive process. The two perspectives used to analyze the team meeting do
not exclude each other, and can be used next to each other. This is done in this study to analyze
the role of designers in the team. Roles are defined as: “the expectations that prescribe how
someone should behave and contribute in a specific position within a group” (Van Oudenhoven,
1985: pg 84, translation by author).
Roles arise out of interactions between people (Luckmann and Berger, 1966): people interact and
whilst doing so they create mutual understanding on who does what. These patterns become
quickly habitualized: people take implicit roles. Explicit roles emerge once individuals are
replaced, as the newcomer will perceive a social reality in which expectations on his contribution
are already existent (Luckmann and Berger 1966). Once these patterns are explicated inside an
organization, i.e. described in terms beyond individuals, roles become institutionalized; they
become organizational roles (Weick 1995: pg 72). Yet between inexplicit, unarticulated and
intersubjective roles between team members, and generic (i.e. formally and organized) roles a
large step exists. As Weick argued: “organizing lies atop that movement between the
intersubjective and the generically subjective (..) it is a mixture of vivid, unique intersubjective
understandings and understandings that can be picked up, perpetuated, and enlarged by people
who did not participate in the original intersubjective construction. People can substitute for one
another, but when they do, those substitutions are never complete. There is always some loss of
joint understanding when the intersubjective is translated into the generic.”(Weick 1995: pg 72).
Roles emerge in time in organizations, as a result of how people interacted. Organizing is
condensing these intersubjective expectations into formal roles, which is enacted by people
occupying these roles. But what the role precisely is and what persons in this roles do is
continuously adapted: a formal role lags behind the intersubjective role in practice. In time a role
and the expectations on a role are adapted as a result of how individuals enacted the role they
occupy. The role of a designer at one hand, and what he does at the other hand are reciprocal.
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The study attempts to pinpoint what designers do in teams, and what the effects is on this
teams. The implication of the above is firstly (1) that at one hand what is considered the role of
designer and at the other hand what a designer does, is intertwined. The formal role puts
forward generic expectations on persons occupying a role, a result of a history of interactions
with designers in comparable situations. And secondly (2): what designers do in practice will not
fully overlap with their formal role assigned to them. What individuals in a role do in a specific
situation, shapes the intersubjective expectations on that role, that eventually alter the formal
role. Thirdly (3): it is well possible that what is considered in general e.g. an activity of a
designer is done by others, or vice versa, or that activities are deployed which can not a priori be
attributed to any participating role. As such understanding what the role of designer constitutes
to teams, implies that the meeting needs to be studied by both addressing the formal roles, and
addressing the observed roles, and observing who is taking these distinct roles.
Comparing the findings of these two framings enables a more comprehensive view on roles, the
expectations on roles, and what roles contribute to teams. Hence, the main question can be split
into 3 sub questions:
4. What do designers and other roles (formal roles) do inside teams?
5. What does the observed role of designer contribute to teams?
6. What are the interactions between the observed roles, and what does this contribute to
the team?

5.2

Method
In this research the distinctions between the roles need to be articulated, above all that of the
designer. From the personal observations (appendix2) it is inferred that designers have a focus
on the user and the usability. Likewise it is noted that designers tend to contextualize the topics
they are working on; to include related topics, problems, solutions and so on. Hence, in this
study the focus is on these two subjects. First the formal and observed roles are analyzed,
followed by comparing these with the stance towards a problem. Is the framing of someone user
oriented? Is it holistic?

5.2.1

Formal roles
Within this study the team members all occupy a formal organizational role. Of these formal
roles role descriptions exist within Océ. The formal roles of the team members in the meeting
are depicted in table A5.1.
Formal organizational role

#

softw are engineer

3

Electrical engineer

1

mechanical engineer

1

product designer

1

interaction designer

1

Usability engineer

1

Quality lead

2

Formal role in
analysis
Engineer

5

Designer

2

Validator

3

The aim of the study concerns ‘designers’ in general; as such the two formal designer-roles are
considered one role: a designer. Similarly software and hardware engineers were combined in
one role, named ‘engineer’. A specific role within Océ is the ‘validator, who is responsible for
testing prototypes, and validating whether the quality of the product is sufficient. Thereby the
focus is on the validating if the ‘right product’ is developed, i.e. establishing the standards and
testing according to these standards. The role is not on verifying generic standards, such as of
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“Blaue Engel or TUV. This role is named ‘validator’ in the analysis. The usability researcher within
the team that is studied is part of the test group and therefore assigned as ‘validator’.

5.2.2

Observed roles
The inherent problems are firstly that what a role is, emerges with the coding of the transcript.
Therefore the coding is done is several steps, whereby the coding scheme is induced on the base
of several meaningful and decisive moments. These steps are mentioned below. The second
problem is that the coding is inherently subjective; the coders have to decide on the base of few
utterances what the role is someone is deploying at a given moment. There are no ‘objective’
criteria like a specific words by which it can be assessed what the role is of an utterance said by
someone. Hence, the codings are done separately by two coders and interrelating scores
deployed to establish sufficient reliability.

Step 1: Preparing the data
For the coding not the full ‘raw’ transcript is used, but the content of team activity. As described
in appendix 3, this is the cleaned transcript, whereby after cleaning a coherent and
comprehensible transcript remains. All utterances that have no relation with the content are
removed. It sufficiently provides information to code and conduct the analysis of roles. Not until
coding was finalized, the relation between persons and utterances is reestablished. Hence,
coders could see what is said, but who it was is concealed.
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Step 2: developing a coding scheme
Coding the observed roles necessitates an interpretation of the meeting, and what is said. It is
also possible that team members deploy activities that can be described to roles that are not
part of the meeting, and hence an a priori coding scheme is rejected. Firstly, a coding scheme is
emergently developed from the data set. Several decisive shifts are chosen by means of the
decision tree and discussed. The emergent roles are named and described, and by adding other
decisive shifts validated and compared for consistency. Table A5.2 depicts the roles that were
discerned and briefly describes these. The coding started with a distinction between a software
engineer and a mechanical engineer, but eventually these roles are combined as will be
explained in step 3.
Observed

Brief role description

Main framing

Questioning ‘w hat is it w hat w e are doing’;
Summarizing;
Intervening team process;
Proposing role play, experiments.
Reasoning: w hat is possibly the problem?
Advocating for the user;
Imagining: w hat could be a problem for users?
Imagining: proposing solutions;
Imagining: exploring consequences of a scenario;
Reasoning: w hat underlies a problem ?
Disaggregating complex problems into smaller ones
Checking: can w e make it w ithin time and cost
restraints?
Checking: is w hat w e see to be expected in real
product?
Discussing image of product;
Discussing w ho is the user;
Validating: is solution good enough for product?
Validating: is usability good enough?

Ongoing team
process

Grey

Product, user and
usability

Red

role
Process
interventors

Designer

Engineer

Validator

Color
coding

Technical
consequences, and
consequences for
price and planning
Balancing quality
and consequences

Yellow
Green

Step 3: Coding observed role
The cleaned transcript is coded by two researchers, whereby the team members are concealed to
the coders. Also it is possible to code: ‘no role identified’, if the utterance does not provide
sufficient information to code it. It turned out it is impossible to discern the role of software and
mechanical engineer on the base of the team dialogue. Once these two roles are combined into
one ‘engineer’ role, an inter coder score is obtained above 95%. Disagreements are discussed:
only in 5 cases (< 1 %) ambiguity persisted, and this data is not used in the analysis. In total 353
utterances are coded as related to a role, in a total of 397 utterances. Once this coding is done,
the observed role and the actors are recombined, enabling to see who was playing a specific
role. This enables to compare the observed role and the formal role.
Step 4: Visualizing
These identified observed roles are visualized on the map depicting the team activities as
deployed for the study into the team reflective practice (see appendix 3). Thereby manikins are
positioned on this map, with specific colors. These manikins have specific colors, to show the
role. The color scheme is provided in table A5.2 are the colors of the manikins are used to code
a specific observed role. If the formal role of a team member and the observed role are
disparate, the name of the formal role is written down on the manikin.
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5.2.3

Coding attitude to subject matter
As mentioned before, it is noted in the personal observations that designers tend to frame
problems and solutions 'holistically'. Whilst coding and analyzing the meeting in relation to
roles, it occurred to the researchers that this attitude also could be discerned, to the problems
and solutions that were brought forward in the meeting. Its opposite is named disaggregation,
and a brief comparison is:

Holistic.
This concerns an attitude whereby problems and solutions were framed at the level of the
product as a whole. This attitude analyzes problems by attempting to put it into a larger
‘picture’.

Disaggregation.
This concerns an attitude of breaking the problem down in sub-problems. This attitude
analyzes the problem by trying to come to the ‘essential’ problem; or by trying to find a
local solution. It also can be named an analytic approach, with a focus of breaking up
problems into smaller ones.
Below an example is given to explain this. It is a dialogue between two team members, a
designer and an engineer. The first is concerned what happens if a sheet is stuck and detected
at a specific position, whereby the accessibility is poor. In his argument he explores a scenario,
whereby he no longer sticks to the specific situation, but includes another module of the
product to solve it. He approaches the problem / solution space at product level, holistically. The
second person ignores or rejects the proposition, and attempts to reframe it into 2 subproblems. He attempt to discuss and solve these 2 frames separately, in other words: by
decomposing it into 2 sub problems. Whereas the designer includes the ‘engine’; which is
another module than the one they discuss, the engineer disaggregates the problem into two sub
problems; the ‘cases’.
Engineer
Designer

Engineer
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I'm lost, what's exactly is the problem?
D
The problem is that if it [sheet of paper] is no longer accessible,(..) and yet,
the sensor is made.
H
In that case we have to overrule, to guide him [user] to go to the engine.
H
The first question is how often does this situation occur and how bad is it, really. D
Secondly, if we are going to solve it (..) then how do offer it to him? H
So you have two cases.
D
Case 1 is: the sensor of the finisher will see it [sheet], and customers are
automatically led to the finisher. Then we will assume that the customer will see it
physically; and that he is capable to remove it.
D
And the other case (..) is that it [sheet] once more is jammed in the FC, and that the
light of the finisher [sensor] doesn’t see it.
D

The coding is done by two researchers, on the base of the cleaned transcript (contents of team
activity). The two sets of coding are compared, and disagreements are discussed until consensus
is reached. If ambiguity persisted, data is not included. This concerned only few situations (7 of
397 utterances in contents of team design activity, < 2% ). In total 307 out of 397 utterances are
coded either ‘holistic’ or ‘disaggregation’, and can be addressed to the observed and formal
roles.

5.2.4

Framing user and usability
A specific sub-question is to see who, when and why addressed the user or user experiences in
his / arguments. It is expected that within team meetings the Océ designers put user and user
arguments central in their thinking and arguments. The problem that became clear whilst
analyzing the ORE tape, is that denotations to the user or usage are not easily identified, as
explicit reference like ‘user’ or ‘client’ are not always used. On the contrary, more often the user
is denoted by a range of words like ‘he’, ‘I’, ‘the fellow’ and so on, or even without any
indication. Two examples below show the variety.
If this happens, the operator needs to keep this thing closed, and pick it out there, right? (35,46)
Look, if this happens, then we have no problem. We do agree on that, right? Don’t take it out
now (..). Let others look at it when something is there. (34,14)
In the first example a explicit reference is made, by the word ‘operator’. However, in the second
example there is no reference, not even ‘he’. It can only be interpreted from the context of the
text and what the person is doing: sitting at his knees and reflecting on the problem. He
mentions that "we have no problem"; and it can be inferred that the nonexistent problem
concerns a situation with a user. The user will be able to solve it, hence the team has no
problem.
As Taylor argued (2005: pg 210), the language deployed within teams and originations refers to
the context and system it is part of. Any coding based on objective counting the number of
specific words (like ‘user’) cannot be used, as it would simply fail to spot many references to
users. Whether or not users or user experiences are meant, can only be interpreted from
interpreting the ‘team monologue’. Hence, a subjective interpretation is required, and two
coders independently coded the transcript; and the codings are compared. Source material for
the coding was the original, ‘raw’ transcript, because the cleaned transcript (the content of tem
activities: see appendix 3) did not provide sufficient context to derive if a user is meant; or
someone else. This implies a more extensive dataset is deployed for analysis that for the other
studies whereby preeminently the cleaned transcript is deployed. The level of analysis was at
utterances: a meaningful and coherent argumentation of one person.
The codings of the two coders are compared. The meeting consisted of in total 920 utterances
that could be transcribed; of which 900 are included in the dataset. Sometimes utterances are
incomprehensible, or more than 1 person is talking and it is uncertain who mentions a specific
utterance. At first, an inter coder score was obtained of 91%, i.e. 821 utterances are coded the
same: either related to 'user' or 'non-related to user'. In the following discussion a fairly large
group is identified in which one coder did not relate an utterance to user or user experience, as
opposed to the other coder. This concerned 79 utterances, more than 8%. Often one of the team
members talked about ‘I’ or ‘we’ to refer to an user, and not as much to himself in his role as
developer. It is agreed to include these as related to 'user' in the dataset. Eventually on 17
utterances no mutual agreement could be reached (1,8 %). These are not included in the
progressive analysis. This implies that eventually on 98% of the utterances the coders agreed
upon, a high interrator score.

5.2.5

Cross comparing findings with previous studies
The same meeting is analyzed in two other ways as well: the team reflective practice (appendix
3), and discerning the cues that incited team frames (appendix 4). Although these studies were
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deliberately deploying a team monologue, i.e. leaving out who-says-what; the findings can be
well cross-compared with the findings of this study. This will be done in two ways:

Cross comparing the team frames that guided the team activities, and the formal roles that
named these. As a frame quintessentially is nothing more than a construct explaining the
alignment an d coordination of activities, it relates to team cognition. This cross
comparison is geared for understanding what roles impose frames onto team activities; and
hence influence team cognition.

Cross comparing the cues that are discerned that incited team cognitive processes. Cues
can only be observed by individuals, as only individuals can compare tehir expectancies
with the flux of events. Hence, individuals bracket and name these cues, that eventually
resulted into decisive shifts. The question is who notices these cues, and what category of
cues are noted by specific roles.

5.3

Results

5.3.1

The observed roles in the meeting
In the analysis of team reflective practice(appendix 3), it is found that the meeting can be
divided into 2 parts. Roughly the first halve concerns a team sensemaking process, whereby the
team members try to grasp the problem at hand and its magnitude. In the second halve team
reflection-in-action is observed, following the lines of Schön’s reflection in action. In the table
below the contribution of the roles to the meeting can be seen, in relation to the two parts.
Proces
Designer

Engineer

Validator

interventor

total

1st halve

82

40

75

-

197

2nd halve

105

18

72

-

195

total

187

58

147

-

392

37

40

46

41

164

2nd halve

92

28

37

34

191

total

129

68

83

75

355

Formal roles

Observed roles
1st halve

The figures visualizes the tables, deploying Circos software (for an explanation see chapter
3.3.5). Several findings can be distilled. Considering the formal roles, it clearly manifests that
two formal roles talk most: the validators and the designers. The engineers are somewhat less in
the foreground. This is also observed in the team reflective practice. Also it shows that the
engineers manifest less in the 2nd halve of the meeting.
If the observed roles are considered (figure below), it can be seen that in the 1st halve of the
meeting the roles are equally distributed. Apparently for sensemaking all roles are required to
understand the problem at hand; and its implications across practices. However, in the 2 nd halve
the role of designer articulates. When the problem is sufficiently understood, solving it requires
a designers attitude.
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5.3.2

Comparing formal and observed roles
Below the table depicts a cross tabulation of the identified formal roles and observed roles, on
the base of ‘contents of team activity. It depicts at the left side the 3 formal roles of the team
members, and on top the 4 induced roles. As none of the team members had a formal role of
‘process interventor’ or the like (e.g. project leader) this role is not in the list of formal roles.
Process

Observed
role > Designer
Formal role
Designer
Engineer
Validator

93
7
28
128

Engineer

interv.

19
18
31
68

25
12
37
74

Validator total
31
9
43
83

168
46
139
353

Below a visual representation of this cross – tabulation is provided (generated with Circos
software). On the left side the three formal roles are depicted. On the right side the detected
occurrences of an observed role are shown. What can be seen is first of all that team members
76

are de facto mostly ‘playing’ their formal role, above all designers. If one leaves out the ‘process
interventor’ utterances (which includes things as: ‘shall we move on to the next item’), this effect
shows somewhat more clearly. The formal validators role seem less articulated, i.e. it is observed
they often play other roles as well. For this observation two reasons can be provided. It has a
historical context: this formal role is relatively new inside the R&D organization, and all three of
the validators in the meeting had another formal role until recently (2 engineers; 1 designer).
Another reason is that this role concerns the quality of the eventual product, and hence balances
between what the product should be and what the technical consequences are.

What also can be seen is that team members take other roles apart from their formal roles. This
switching roles is fluently, sometimes even within a monologue as the example below shows.
This is essentially monologue of one person, who is formally a validator, who ‘thinks aloud’
whereby the rest of the team merely underscores what he says. Thereby he takes other roles
without offending others. First, he frames a specific problematic situation, in an engineering
role. The question he poses is: can the situation we discuss occur in a real life situation? Then,
he extrapolates the consequences at product level: a user cannot pullout a part of the paper
path elsewhere in the product as a consequence of this problem. He zooms out, contextualizes
what was discussed so far, what was coded as a ‘designer role’. Eventually he hints at a serious
problem for the product, by dropping a meaningful silence; considering the effect on the team
activities. This is coded as a ‘validator role’.
Formal role
Validator
Engineer
Validator
Engineer
Designer
Validator
Validator

Observed role
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
Yes
Engineer
In that case it is not in the pinch of the FS..?
Engineer
Exactly
?
The question is…..
Designer
Pulling out horizontal [part of paper path] is in that
case….without opening turn [other part] ….it is not possible
Validator
(silence).

This hints that it is culturally accepted to go beyond the formal role: team members accept that
others, with a distinct formal role, explore problems and solutions beyond that role. As the
example shows, crossing disciplinary borders of roles enables ‘team thinking’, as the ‘validator’
bridges the disciplinary borders in order to put forward a problem in his own specialism, thereby
checking it with all team members.
If one zooms in on the 2 halves of the meeting, and makes a cross comparison between formal
roles and observed roles, the following table can be derived. The rows depict the formal roles of

77

the team members; whereby a distinction is made between the observed roles in the first and in
the second halve. The columns shows the occurrences of the observed roles in the distinct
halves.
Process
Observed roles > Designer Engineer Validator
Designer
1st halve (sensemaking)
2nd halve (reflection-in-action)
Validator
1st halve (sensemaking)
2nd halve (reflection-in-action)
Engineer
1st halve (sensemaking)
2nd halve (reflection-in-action)

interv.

24

13

19

8

64

69

6

12

17

104

9

15

21

22

67

19

16

22

15

72

3

11

5

10

29

4

7

4

2

17

There is one characteristic finding, once a distinction is made between the first and second
halve. The observed designer role not only articulates clearly in the second halve, as discussed
before. Also those who are formally a designer take this role in this particular halve of the
meeting. As can be seen in the figure below, in the first halve of the meeting the designers
deployed all sort of roles, like the other team members. However in the second part, when
solutions are sought for, the designers at hand clearly take their role as a designer. The other
roles do not depict this sharp distinction. Considering that it was a team knowing each other
well, with a shared history, it seems that the designers within this team provide a specific kind of
framing and thinking that accentuates once the problem is sufficiently understood and ideation
takes place.

5.3.3

Cross comparing team reflective practice and formal roles
In the team reflective practice the meeting is analyzed as a team monologue, in order to
understand how the team came to an understanding of the problem and a solution. Thereby
differences are made firstly amongst Schön’s steps of ‘naming’ – ‘framing’ – ‘moving’ ‘reflecting’, and secondly what kind of naming and reflections were made. In that analysis no
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distinction was made between the different team members, and below a cross comparison is
made between these steps and the formal roles.
The team reflective practice revolves around frames, that guides team activities. If the team
activities are guided by a frame they adopted themselves; the activities are de facto aligned and
coordinated. Therefore frames are of particular interest for team cognition. Frames originates in
namings of individuals, that propose a specific framing (either problem or solution oriented).
Note that namings are not merely ideas or problems someone proposes: as these are accepted
by the team as a frame for the following activities, namings concern problems and solutions that
apparently have a relevance or potentiality for many team members. Within the team, namings
concern ideas or problems that have particular value for all involved, and hence are embraced. It
are ideas and problems that have cross functional value according to the team members
themselves, and as such are of particular interest in relation to team cognition. The namings
bridges practices, and can be considered intersubjective.
As namings are put forward by individual team members, a direct cross comparison can be made
between formal roles and namings. Below a table depicts the number of namings attributed
directly to the formal roles. The rows concern the formal roles; and the columns depict the
occurrences a naming was provided by someone.
Naming a Naming a

Other

Total

9

1

20

6

-

12

problem

solution

Designer

10

Validator
Engineer

6

Formal role

3

2

-

5

19

17

1

37

Below a visual representation of this cross – tabulation is provided by means of a bar chart Below
the 3 formal roles are depicted; the bars indicate the occurrences of namings a specific role has
contributed to the team meeting. A distinction is made between naming problems, naming
solutions, and 'other'. The latter concerned a rare naming concerning the process of the
meeting. What can be seen is firstly (1) that the designers (formal role) contributed more than
halve of all the frames in this particular meeting. It must be noted that the designers were
talking much in this particular meeting (approx. 41% of all utterances), but that is also true for
the validators (42%). Designers seem particularly well in designating (= assigning, indicating)
topics that frame team activities.
And, secondly (2), that problem oriented frames and solution oriented frames are roughly
equally distributed per role. Put differently: all team roles bring in both problems and solutions.
It can be argued that designers and engineers will contribute more solutions (turning
requirements into a product) and validators (checking product quality) more problems, but that
could not be observed.
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If the two halve of the meeting are analyzed, another distinction can be found. In the table below
this is shown, it depicts the number of namings attributed directly to the formal roles. The rows
concern the formal roles; and the columns depict the occurrences a naming was provided by
someone in either the first halve or the second halve of the meeting. Also the distinction
between naming problems or solution is shown.
1st halve: namings
problem solution

total

2nd halve: namings
problem solution

other

total

Formal
Designer

6

2

8

4

7

1

12

Validator

4

2

6

2

4

0

6

Engineer

3

1

4

0

1

0

1

13

5

18

6

12

1

19

The distinction between naming problems and naming solutions for the distinct formal roles
merely follows the finding that in the first halve more problems are named and in the second
solutions. No difference can be seen across roles. However, if the occurrences of names are
aggregated, another pattern becomes visible, as shown the figure below. It shows that designers
start naming more frames in the second halve of the meeting, when a reflection-in-action
process is going on. Engineers did not name many frames, but the figure shows that they name
more frames in the sensemaking process. Apparently designers have a specific contribution in
the team process of reflection-in-action; that others are less capable to perform.
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In the analysis of the team reflective practice also moves and reflections were discerned. The
coding of both moves and reflections are based on the base of the content of the team meeting,
whereby a cluster of utterances of team members together refers to a move or to a reflection.
Several team members together made a reflection; or a move. As such no direct relation can be
seen in the data between ‘formal roles’ at one hand, and ‘moves’ and ‘reflections’ at the other.

5.3.4

Comparing formal roles and attitude to problems / solutions
Two distinct attitudes to problems and solutions were discerned whilst analyzing the meeting: a
holistic approach (i.e. framing problems and solutions at product level) and a disaggregation
approach (i.e. analyzing, breaking problem into sub problems). This coding was done by means
of the cleared transcript, the content of the meeting, and per utterance. As such still the relation
could be established between the formal role of team members and the coded attitude to the
subject matter. Below a cross comparison is made, as can be seen in the table.
holistic

disaggregation

totaal

Designer

95

55

150

Engineer

13

31

44

Validator

56

57

113

164

143

307

Total

What can be seen is that roles have different orientation towards problems, and will be discussed
below. The figure below depicts this table in a bar chart, to show the differences among roles.
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Designers
This role gravitates to ‘holistic’ aims, which surfaces e.g. in making cross-comparisons with
other situations the team discussed previously. Or with making comparisons with other modules
inside the product, other Océ products, or competitor products. When it concerns problems,
designers tend to contextualize them, making the problems ‘larger’ by showing the implications
for the product, or for the user. They include other problems that are known, or add new ones
that concern e.g. usability. An example is provided below, concerning two evaluations of 2 team
members of a situation at hand. The engineer considers the usability a non-issue, because the
sheet of jammed paper is well visible locally. However, the designer questions whether people
will see it at all. Because one first has to sit on his knees.
Formal role
Validator
Engineer
Designer

I want to evaluate it myself. Can I have a look?
If it [sheet of paper] is so far out, we have no problem at all!
But how many people will find it? Because you really have to sit on your knees.
(19:31 – 19:55)

When it comes to solutions, designers also tend to zoom out, to put things the perspective of
the product at large, rather than attempting to solve it locally. They tend to consider other parts
and modules than the ones being discussed, or include new strategies not discussed before
easily. An example is given below. The team focuses on a specific situation, whereby it is
assumed that a sheet of paper will be stuck in between two module. This sheet is hardly
accessible for a user. The designer (Designer 2) senses suddenly that the situation cannot occur.
He is triggered by the remark that the sheet is ‘fumbled up’. By zooming out, thereby not just
considering the specific problematic area, he comprehends that a sheet will never fumble up at
that specific position, but some distance later. Yet at that position it will be detected by another
sensor, and is also better accessible.
Formal role
Designer 1
Designer 2

Designer 1
Designer 2
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It [sheet of paper] is fumbled up. It is not so far in the unit, so there is a fair
chance it will not tear.
Why do you say that? This troubles me, as the finisher [module]is at quite some
distance. It [sheet] won’t start fumbling, until it encounters a pinch that is not
running.(..)
This [module] remains running for a much longer time. Hence, it will remove the
sheet from here, and a thin sheet of paper will fumble up.
What I mean is: he [module] will keep running until the sheet is out, and the
sheet will come to a standstill against a pinch in the finisher.

Validator
Designer1

Yes, but before that pinch is a sensor. In that case you can solve it in the
finisher.
Exactly.
(28:11 – 28:30)

Engineers
This role gravitates to disaggregating problems: making them smaller or breaking them up in
sub problems that will be dealt with per item. Several times in the meeting they attempt to
pinpoint a complex problem by superimposing with well established boundaries. Whilst
discussing a specific problem, the engineer below discerns two distinct cases. He argues that the
first case is not really a problem, because he is concerned with the second case. Hence, he
states" that is an assumption for the time being”, in order to focus on the second case,
establishing boundaries in which the problem should be considered.
Engineer

Engineer
Engineer

Case 1 is: the sensor of the finisher will see it [sheet], and customers are
automatically led to the finisher. Then we will assume that the customer will see
it physically (..)
That he [customer] sees it, physically, and that he is capable to remove it. That
is an assumption for the time being. (..)
And the other case is… that it is once more in the FC unit; but this time the
sensor doesn't detect it. At least, the signal light isn't on. (21:07 – 21:32)

When considering solutions, engineers tend to propose concrete, and often local solutions
without large effects on the surroundings. Printers are complex products, and engineers are well
aware that changing parts to solve a problem in another part easily can result in another and
unexpected problem. Below a validator discovers a small flap inside the machine, which is not
used for error handling, because it is deeply embedded inside the machine. It has a technical
purpose so far. The two engineers immediately adopt the idea, as there is a sensor in the same
area. Using it would solve a nasty problem locally, without any large changes. The designer is
less enthusiastic about it because it is hard to find, and needs to be convinced. The dialogue
shows the two different views on the problem.
Validator
Designer
Engineer 1
Engineer 2
Validator
Designer

Hee, we have a small flap at engine-out. Why do we not use that one already?
Well: that is the point. It is pretty hard to find, if I may say so.
There is a sensor before it, correct?
Yes: the sensor is before the flap
But don’t you get it…
You are talking about a solution strategy I’m considering as well, but….
well...(24:58 – 25:18)

Validators
This role show neither an inclination to consider problems and solutions mainly holistically; or
contrary analytical; i.e. to disaggregate problems. It balances both viewpoints.

5.3.5

Comparing observed roles and attitude to problems / solutions
The observed roles are derived from the data, whereby e.g. the designer role was considered to
focus on user and usability, and imagining consequences of choices made. Inherent in this
definition the holistic aim of a designer role can be felt. Similarly, the description of an engineer
includes that problems are dealt with in an analytical way, by disaggregating problems into
manageable sub problems. Put differently, the coding of the observed role and the coding of
‘holistic’ or ‘disaggregation’ are largely overlapping. Hence, if the coding is done well, the
observed designer role should above all show a holistic stance; likewise the observed engineer
role mainly should depict a stance to disaggregate problems. The table below and the bar chart
both show that indeed this is the case, merely showing coding is done reliably. There are 300
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utterances both coded as belonging to and observed role, and also showing a stance to the
subject matter. This is somewhat less than for formal roles, because not every utterance could
be addressed to an observed role. Somewhat typical the validator role shows to be coded mainly
as a holistic stance. In the formal roles this was not the case; suggesting that the formal
validators often had an analytical stance. It can be argued this had to do with their engineering
background – with a disaggregation attitude; and their current role which concerns integral
product quality. No conclusions should be drawn otherwise.
holistic

disaggregation

total

designer

76

49

125

engineer

11

57

68

validator

61

15

76

16

15

31

164

136

300

process interv.

5.3.6 Comparing
roles and user
arguments
In total 272 out of 900 utterances (30%) are identified as user or user-experience related,
whereby the raw transcript is used. As all these utterance are spoken by someone, the userrelated utterance can easily be compared to the formal roles. As the observed roles are based on
the cleaned transcript (contents of team activities), i.e. the condensed transcript; this is not
possible for observed roles. In the table below the findings are shown. As some team members
are talking much in the meeting, just aggregating data for all engineers / validators / designers
could imply that the specific orientation to users of these few persons at hand dominates.
Therefore both the individual and the aggregated scores are shown.
validator
Per individuals
User related utterances
Total utterances
Relative: user related
Per role
User related utterances
Total utterances
Relative: user related

84

engineer

designer

V1
54

V2
34

V3
3

E1
7

E2
5

E3
0

E4
0

E5
15

D1
70

D2
84

272

229

138

7

24

22

13

9

74

161

223

900

23,6% 24,6% 42,9% 29,2% 22,7% 0,0%

0,0% 20,3% 43,5% 37,7% 30,2%

91

27

154

272

374

142

384

900

24,3%

19,0%

40,1%

30,2%

In the bar charts below both the relative amount of user related arguments is shown both per
individual and for a specific roles. It shows that the arguments that individual team members
deploy varies across the roles. The designers often include user related arguments; up to 40%.
The engineers less; around 20%. The validators are in between. It shows well that designers
indeed represent users and usability inside team meetings, as they often include user related
issues in their argumentations. Two individuals have a somewhat different profile: one validator
(V3) and one engineer (E1). The first has a designer background and is deployed at Océ Design;
and the second is responsible for developing the user interface. This explains well why these
persons included more user related arguments in the discussion.

5.3.7

Cross comparing formal roles with cues
It is found before (appendix 3: team reflective practice) that the proto and role play mediate
team thinking, and an additional study is conducted to the nature and effects of cues (see
appendix 4: cues and frames).Three type of cues are discerned in that study: 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. This latter is typical for the meeting, and should be considered together with
the prototype as cues discerned from the environment. A cross comparison is made between the
findings of that study, and the findings of this study on roles. The aim is to observe whether
differences exist in the type of cues that spark frames, as compared to the role of a team
member. A straightforward approach is adopted: the cues identified in the study ‘cues and
frames’ are always related to a team member saying something. Hence, the cue can be related to
the formal role of someone. Surely it is well possible that the same cue is noticed by others as
well, who didn’t say anything at that moment. So this study concerns what kind of cues are
observed by team members in their formal role, hinting what kind of cues are noticed, bracketed
and articulated by a specific role.
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Below in table a cross comparison between the coded cues and the formal roles is shown. On the
left the three formal roles are depicted, in relation to the count of cues that were observed and
coded in the team meeting. The chart below graphically depicts the observations.
Dialogue

Prototype

Roleplay

Formal role
Designers

25

6

7

38

Engineers

7

3

3

13

Validators

9

8

7

24

41

17

17

75

What can be seen most of all is that designers (formal role) are more than others reacting on
what is said. They are imagining what the consequences are. Note that only decisive shifts in the
dialogue are taken as a starting point for the analysis of cues; probably many more cues can be
observed that incited individual ideas and frames for all team members. But these cues reframed
the team activities, e.g. reframed a specific problem and or solution at hand. Designers probably
are more than others extrapolating what is said; imaging and translating, it in such away the
team becomes aware as well. All react to the prototype and deliberate interactions with the
prototype at hand, but designers more than others reveal what is still
‘uncovered’ in what is said. Below an example is given that highlights this aspect. The team,
discusses an error scenario that apparently according to some includes a specific knob.
However, it was not meant to be like that. The designer 2 become aware of this
misunderstanding, as result of the dialogue before, as designer1 says: “turning the knob at
erroneous moments will lead to new errors.” The designer 2 unravels the misunderstanding by
actively proposing a frame that explains the situation. effectively it reframes the team: instead of
considering that deploying the handle is a solution; it is understood that the handle cannot be
found easily, hence the problem is enabling an operator to find the area.
Formal role
Designer 1

Designer 1
Designer 2
Designer 2

Validator 1
Designer 1
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As long as users don’t start turning the knob at the moment they are not
allowed to do so. He [user] will create an error of which he is unaware. He will
position a sheet right at the transition area.(..)
And over there no one will find it, it is..
Wait…Let’s consider the following train of thought. We left away the knob over
there. (..) The same can be done over here. (..)
Point is: do we really need this [knob]? Yes or no? We did not design it that way.
The engineer for some reason considered: ‘you know what? A handle would be
handy over there!’ He looked around what handle might fit here, and it
happened to be green. But that does not mean it is ORE! (..) We did not include it
in any ORE scenario.
It [knob] simply is not part of the error handling.
I will not include it in my error scenarios. Unless we decide otherwise.
(37:18 - 38:02)

5.3.8

Interactions between roles
The team members, in their formal roles react, onto each other dynamically. Before the
individual roles are discussed, and not the dynamical interaction between them. What is
observed is that the roles interact swiftly and fluidly, enabling to consider the subject matter in a
myriad of ways. Note that the team members knew each other well, that the meeting was merely
a stepping stone in a long collaborative project. The problem at hand was a complex one,
requiring several specialisms and bridging units that are developed by 3 different sub-teams.
Later interviews revealed that team members were seriously concerned. Yet within one hour the
problem was understood and solved. It seems an effective collaboration. And in order to
progress team members acted interdisciplinary, they mention problem and solutions that are not
part of their role; and help others who do so as well.
The example below shows this swift interaction of considering the subject matter, as a result of
differences of framing things. An engineer recaps what was discovered so far. A sheet of paper
can be torn into snipes in a specific position by user intervention. But he doesn’t consider it a
big problem: it is a local problem, the snipes are actually well visible and it can be solved locally.
The designer agrees, but reacts by questioning what the user error handling is in this case,
thereby zooming out from the problem to the level of product / user interaction. The engineer
doesn’t see the problem, but the validator reflects at the proposed solution (‘do nothing’), and
considers it insufficient. Then the second designer explains what the error scenario is for the
user, demonstrating what the problem is, namely that the user never will be guided to the
specific area the engineer was talking about. It is the combination of viewpoints that enable
quick progress. The typical engineering proposition that the problem can be solved locally is
agreed upon, and it are others that put forward that in that case a new problem emerged: how to
get the user in that specific area?
Formal role
Engineer 1

Designer 2
Engineer 1
Validator 1
Designer 1

5.4

But if there are snipes [paper] here, he [user] will see it. And if there are snipes
in the opening, he will see it as well. I believe we simply do not have a problem.
[Summarizing and decomposing]
Yes, but then the question remains: how is the error handling [for user]?
[Contextualizing problem]
Not! …Just simply: not!
No, no, that cannot be…
[Reflects on proposed solution at product level]
You [user] always need an error handling. But the error handling is quite simple:
just proceed to the next step: horizontal transport [other part]. Nothing more.
(44.26 – 44:45)
[Explains / makes tangible what the consequences are]

Discussion: the dynamical interplay of roles
The filmed meeting concerns a team meeting of a team that interacted often and already for
some time; it shows how their formal roles jointly became a unified whole to deal with the
subject at hand, i.e. ORE. What showed above all is how team members together solved the
problem at hand; it was a collective effort whereby pieces of information of distinct practices
were integrated. Whereby problems were discerned and solved that beforehand were not known.
It underscores it is team collaboration, whereby topics are discussed of which no individual
knows sufficiently to deal with it beforehand, nor could have come on his own. Thereby several
aspects in relation to roles surfaced, that are discussed below.
Interdisciplinary collaboration
Within this study distinct formal roles contributed, and it is observed that these are enacted by
the team members. Interestingly the observed roles and formal roles do overlap, but far from
completely. The switching of roles amongst individuals seems crucial for the swift progress as
observed in the meeting. If a multidisciplinary problem occurs, some team member needs to
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address cross disciplinary aspects, thereby often thinking aloud to check with others if his
considerations are correct. Often the format of argumentation is 'if.. then', whereby the if's
concern aspects of other domains: if engineering implies A; and design implies B, then we have a
problem with C. This crossing roles is accepted, and within the meeting even regular. Engineers
check usability problems themselves, designers propose engineering solutions, validators
imagine solutions. Only individuals can notice and bracket cues that hint at problems and / or
solutions. But in order to check with others, he needs to speak out what he sees and what is
considerations are, hence, naming it thinking aloud aptly describes this mechanism, as it
enables the team as a whole to reflect on it collectively.
Of course, individual team members can only do so well if they know sufficiently of other
practices. If someone proposes a solution, that shows no heed for other practices: it immediately
will be rejected. However, if it shows heedful considerations, it will be discussed and reflected on
collectively: "considering that A is important for you and B for me; I think that the following
proposal might be appropriate for both of us".
Two aspects are pivotal. Firstly (1), it puts the focus on both individuals and the team. Only
individuals can make moves that cross boundaries across practices, but only the team can reflect
on it and accept or refute it. It is impossible that some team members of distinct practices
simultaneously attend to a new proposal without someone naming it beforehand. Reciprocally,
as NPD is a team effort, individuals who have proposals that include multidisciplinary
considerations, only can do so if others accepted his ideas and implement it within their
domains, highlighting the collective aspect.
Secondly (2), it aptly can be named ‘interdisciplinary’ as opposed to 'multidisciplinary'. Only
proposals of individual team members that show that they care about the aims of other
practices, and show they understand the implications for other practices have a fair chance to
become accepted by the team. Hence, any proposal must depict sufficient heed: i.e. is
interdisciplinary.
Dynamical interplay
Team members play a formal role as it is known and often is described within an organization.
But thereby they adapt the role inevitably as well: they give a personal stance to the role at hand,
or respond to other team members around them. If this adaptations are successful and
accepted, in time this adaptation becomes part of the formal role: it is included. Hence, the
formal role shapes what team members do, and at the same time the formal role is continuously
adapted by what team members do. It vividly lays bare how a role is not 'frozen' but
continuously is adapted in the dynamical interplay of roles whilst dealing with the flux of events.

What emerged in the dynamical interplay of roles
can be depicted into one model, see figure A5.13. It
shows the three roles that were part of the session,
and their relations. The three corners are the three
roles: Designer, Engineer and Validator. In between
two roles the differences are highlighted, in a
dualistic way. Opposite a role, in between the two
others, the difference can be seen between one role
and the other two combined. Below the three roles will be discussed briefly.

The engineer role concerns first of all realism. Can we manufacture it, can it be done in time, is
it within cost limitations? His stance to problems is preeminently focused on disaggregating
problems. He is not involved into adopting the perspective from the user, i.e. outside in. A
designer and validator together find themselves in their concerns for the quality of the intended
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product, and oppose in this triadic relation an engineer with his focus on constraints. An
engineer is the realist in this triadic relation.
Compared to a designer, an engineer tends to understand and solve problems locally, as
adapting more parts simply implies adopting more risks. In the dynamical interplay, an engineer
tries to grasp the problem ‘behind the problem’, disaggregating complexities into sub problems
that can be solved per item. A designer tends to include more complexities, e.g. by comparing a
similar situation in another part of the product, whereby another solution is chosen. A typical
discussion between them can concern e.g. 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 more
considering constraints in which he has to solve problems and eventually deliver specifications.
A typical discussion could be e.g. whether or not the efforts required to change something is
appropriate, see below.
Formal role
Engineer 1
Validator 1

I am responsible for inner covers (..) and this we will not do. We have so many
problems at this moment to solve, within a limited timeframe.
I understand, we should not try to get this done anymore. (..) I agree.
(56:57 - 57:01)

The designer role concerns possibilities. What could be, what is a nice solution, can it be done
differently? Thereby he shows an inclination to think holistically, i.e. concerning the product as a
whole. Also a designer frames problems outside in, and the implications for a user. They deploy
many arguments that concern user, the experience of a product, and the usability. In the
dynamical interplay of roles, a designer opposes a engineer and a validator with its framing on
what could possibly be, i.e. what the 'intended system' can be. An engineer and a validator find
themselves in the daily reality, and oppose the designer who more discuses and frame things
‘from his mind’. As such, the designer is the ‘imaginator’ in the triadic relation. A designer
shows ‘out of the box’ thinking, as he contextualizes problems in a larger setting and / or
finding solutions, beyond the scope of discussion, rather than attempting to solve problems
locally. Compared to an engineer, a designer tends to look holistically, to the entire product. If a
problem is discussed, a designer resort to cross comparisons to other situations. If a solution is
discussed, it is evaluated for its merits for the entire product. Yet they are both concerned with
solving problems. Compared to a validator, a designer relies more on imagination and keeps
proposing both new ‘problems’ and ‘alternatives’, whereas the validator frames on the question
whether ‘it is good enough’. Although both are framing on the 'intended' system, the validator is
more concerned about what it should be, and designer more on what it could be. A typical
discussion between them is whether or not something suffices, see below. Whereas the designer
laments it can be done better, the validator decides it is good enough, compared to the effort (as
an engineer explained before).
Designer 1
Validator 1
Designer 2
Validator 1
Designer 1
Validator 1

In that case, we will have what is just told (..) Then we have to do it well.
I believe you are right, but we should not change it anymore.
But in that case the small green handle will not be of any help either.
As I said: I believe you are right, but we will not change it anymore (..)
In the other situation we needed it badly!
[names designer]: we don't know it; we simply do not know it (36:47 - 37:10)

The validator role is about the quality of the eventual product. Does it meet requirements? Do we
have the right requirements? What are the right requirements? In the dynamic interplay of roles,
a validator judges what he sees in e.g. prototypes, but also what he hears from ideas or
problems of the others. A designer and an engineer find themselves in creating practical
solutions that have to be conceived for problems, and oppose a Validator with his focus on
checking the quality. A validator takes nothing for granted, and questions many things including
checking whether the consequences, like impact on cost or planning, that are put forward are
realistic. 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
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on solutions that ‘suffice’; rather than what more is possible in an ideal situation. In the meeting
more than once remarks are made as: "I'm trying here to balance between a 7 and 10".
What designers do
The team meeting was a critical meeting: the aims were high and all were involved into
understanding and solving the situation at hand. The formal roles could be well discerned,
including the role of designer. Three aspects are found that discern the designers from the other
roles:
Firstly (1), designers frame problems and solutions from a user - product perspective. This is
supported by the findings in this study whereby the analysis concerned the relative amount of
user and usability in the arguments deployed. Of course, the role of designer in Océ must be
user oriented as the way how design is framed is a humanistic (see chapter 1). Nevertheless this
manifests in the argumentation of the designers in the meeting, who continuously make the
relation between the subject at hand; and what it implies for a user. Thereby e.g. consistency in
what a user has in different parts of the product for solving ORE to do showed to be a critical for
designers, but not for others. This lead to tensions in the meeting.
Secondly (2), designers tend to frame problems and solutions holistically, i.e. at the level of the
product as a whole. Designers attempt every now and then to put the subject at hand into a
larger ‘picture’. If it is decided to do 'A' over here, then 'A' should also be done over there. If we
cannot solve 'B' locally, is there a way to solve 'B' at product level, e.g. by changing the behavior
of the product? If all competitors do 'C', why do we implement something differently as it is
unusual and has no added value? Designers oppose most of all the engineers for this aspect, and
also validators tend to discuss problems at the level of the product.
Thirdly (3), designers more than other roles respond to what has been said, rather than what can
be seen in the prototype. They imagine what others say, reason out the consequences and
respond to that. "What you just said, that bothers me. Because …". Thereby the argumentation
often has an 'if..then' format. This specific aspect of imagining manifest in the meeting above all
in the 2nd halve; when the team is in a phase of reflection-in-action. The problems are sufficiently
understood, and the prototype has no surprises for the team anymore. They consider all sorts of
solutions for distinct problems; and the designers take the lead by exploring all sorts of ideas
and scenarios, that require imagination rather than reasoning. As it concerns nonexistent part
and solutions, it has to be done 'in the mind'. Designers are more at ease with doing so, they
name problems that are revealed in the discussion so far, or name solutions. This conclusion
should not be interpreted that designers do not respond to what they see: this is also a source
for noticing and bracketing cues.
Fourthly (4), considering the number of team frames that are addressed by designers; designers
are well capable to grasp interdisciplinary problems and solutions and name these; at least
before others do. More than halve of all the frames the team attends to are named by designers.
Thereby a balance exists between naming problems and solutions across the entire meeting.
When the two halves of the meeting are compared, in the phase of reflection-in-action it
articulated that designers take the lead: 12 out of 19 team frames are attributed to designers. It
can be argued that designers apparently are at ease with the complexity of multidisciplinary
problems, more than others than others. And specifically their skills to imagine things that are
nonexistent, and to reason out the consequences enables them to deal well with the phase of
reflection-in-action. They respond more than others to what is said, what is required for devising
solutions that cannot be seen nor experienced yet.

5.5

Conclusions
The team meeting was complex, multilayered, full of jargon, and therefore hard to decipher. At
the same time it was a critical team meeting, a stepping stone in a long trajectory of
collaborative work, in which several specialists contribute simultaneously. This could be
observed by the unusual number of team members, and was underlined by several team
members in interviews later. The meeting was both vital for progress for the team members and
whereby the stakes of team members are high: enhancing usability seemed to oppose project
planning. It was a real life situation with high aims and quick responses, in a way a ‘pressure
cooker’, not a well prepared workshop. The dynamical interplay of roles articulates the
90

distinctions among roles, and each role have some specific characteristics. As such it provided a
perfect foundation for better understanding three research questions:
1.
What do designers and other roles (formal role) do inside teams?
2.
What does the observed role of designer contribute to teams?
3.
What are the interactions between the observed roles, and what does this contribute to
the team?
The first question is answered above, and is briefly summarized. Designers showed to have a
focus on user, usability and to frame topics holistically, i.e. the product as a whole. Hence, they
discuss problems and search for solutions outside-in. Interestingly they name many team
frames, above all in the phase when a problem is sufficiently understood an solutions are
devised. Their imaging skills, and probably also their 'feel' for appropriate language surfaces in
this phase.
The second questions concerns what this contribution adds to the team. Striking is that the team
frames often originated by a ‘naming’ by a designer, as more than halve of all team frames
originated by a remark of a designer. In the second halve nearly 2 out of 3 namings are
addressed by a designer. Note that there was no agenda: team activities are a result of the
interplay of team members and the flux of events. Frames guide team activities, and are for that
reason pivotal for understanding team cognition, which is defined as the binding mechanism
that underlies observable alignment and coordination of activities: a frame is an elementary
construct for team cognition. Designers seem particularly well in designating (= assigning,
indicating) topics that frame team activities. But they do not have a specific assigned role to do
so, nor did they manifest as process interventors par excellence in the meeting. Rather what they
do as a designer enables the team as a whole to align and coordinate activities. Designers
address topics that are potentially harmful for the product as a whole, or the other way round
solve problems at the level of the product rather than locally. The outside–in framing helps the
team to consider the problems at hand at product - user level. This enables cross disciplinary
evaluations, spanning disciplinary boundaries. All team members can imagine a product, or a
user; though they lack the skills of designers. It is much harder to understand e.g. code for
hardware engineers; or a dedicated construction for software engineers. They 'find' in the
discussions on product and user a joint practice where they can discuss things together,
including the consequences of their choices and the (hidden) relations in their collective work.
Thereby designers play a significant role: they are trained to reveal problems that are hidden in
technological choices at the level of product - user. They naturally attempt to solve problems at
the level of product-user. Whilst doing so, they name things, mention problems, gesture in the
air possible solutions, think aloud. Whilst doing so, these real world artifacts as words and
gestures enable others to understand as well what seems to be the problem. Or even reason out
other problems or solutions the designers are not considering. In a way, the practice of
designers enables the team as a whole to span the inherent boundaries in their practices.
The third question concerns the interplay of roles. The distinct roles all frame problems and
solutions differently, and a swift interplay of these framings enhances to understand the
problems at hand, and solving it. Note that a complex problem that includes several practices is
understood and solved within an hour. And also consider that all decisions made are
implemented without the need for extensive minutes or reports (see appendix 3). It was a highly
effective meeting, and it can be argued that the dynamical and seemingly unorganized team
process organized around a prototype, contributed strongly. It was an effective and efficient
meeting. As such the different roles, either formal or observed, all contribute to team cognition.
The roles observe and bracket different cues, reasoning differently and judging differently on
what matters. As such, the combination of these distinct role characteristics in one team,
enhance team collaboration, above all manifesting into a reconciliation of different aims.
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Appendix 6: Interviews: heedful
interrelations

Team mind, depicting implicit coordination in teams, is conceptualized as a pattern of heedful
interrelations among proficient team members. In the personal observations and the video the
basic mechanism of interrelating was found: interactions among team members; and / or with
objects. This study is about understanding these patterns, and how these emerge. Also, in order
to understand team cognition these interviews provide additional information from other
viewpoints, apart from my personal observations (appendix 2), and video’s of team meetings
(appendix 3 up to 5). The ORE design is a result of their individual choices together, enacted into
prototypes and eventually the final product. My individual observations focus on my specific
framing. The interviews should focus on the perspectives of other key team members. Interviews
are a condensed and targeted source of information (Yin 4th ed. 2009), although they only
concern what team members can articulate, i.e. explicitly know.

6.1

Aim
In this study the aim is to lay bare the resulting patterns in a proficient team working on ORE,
and showing the heed involved. This is done by interviewing in a semi-structured way team
members about their activities for ORE, and distilling the patterns across individuals. Hence the
main question are:
(1)
What are the interrelating patterns in a proficient NPD team?
(2)
How and why do these patterns emerge?
(3)
What is the contribution of designers?

6.2

Theoretical framework: boundaries
It is known that in multidisciplinary teams distinctions exist between the practices of team
members (see. e.g. Doughterty 1992; Buchiarelli 1994; Cook & Brown 1999; Carlile 1997, 2002,
2004; Levina & Vaast 2005; Kleinsmann 2006; Kleinsmann et al 2008; Smulders 2007). These
different practices can result into boundaries between practices: practioners from different
specialism find it hard to understand each other. In my personal observations, I sensed that
potentially such a boundary underlies the entire ORE case. Boundaries and team mind,
conceptualized as the complex pattern of interrelations are two sides of the coin of collaborating
NPD teams. Whereas team mind concerns that team members know what activities others do,
and what the implications are for their individual work; boundaries quintessentially concern
distinctions between specialists that disable making these interrelations. Simply because if a
practice of someone else is poorly understood, it arguably also implies that making relations is
hard. Hence, a boundary negatively influences team mind, and as a result coordination and
alignment of activities.
Boundaries can be spanned, i.e. team members are able to make relations among practices after
all, even though the practices of others are poorly understood. Two aspects are discerned in
literature that enhance boundary spanning qualities. First of all (1) there are roles inside team
that have boundary spanning qualities, aptly coined as boundary spanning roles (see. e.g.
Aldrich & Herker 1977; Allen 1977; for an overview see Levina & Vaast 2005). The persons
deploying these roles can make a transition among practices, in order to establish meaningful
relations. In literature two types are discerned: ‘nominated boundary spanning roles’ and
‘boundary spanning roles in practice’ (Levina & Vaast 2005). Whereas the first concerns roles
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that are purposefully aimed by the organization for spanning boundaries, the latter concerns
those roles that naturally span boundaries in everyday practice, by means of their activities. It is
observed that the nominated boundary spanning roles are often not so successful, and several
factors have been distilled to explain what constitutes a boundary spanning role in practice
(Levina & Vaast 2005). This includes that a role develops a legitimacy to participate in both
practices, firstly by showing to have sufficient knowledge of these practices. Secondly, these
roles also acquire legitimacy to negotiate on behalf of others. Lastly, these roles require persons
who also have an inclination to span these boundaries, as formally it is not expected of them
(see for a similar finding: Weick & Suthcliffe 2nd ed. 2007). Who are the nominated boundary
spanning roles and the boundary spanning roles in practice in the ORE case, and why?
The second aspect that enhances to span boundaries, are boundary objects (Leonard- Barton
1991; Bødker 1998, 2000; Cook & Brown 1999; Bucciarelli 2002; Carlile 1997, 2002, 2004;
Carlile & Rebentisch 2003; Levina & Vaast 2005; Swan 2007). These are objects that “are plastic
enough to adapt to local needs and constraints of several parties employing them, yet robust
enough to maintain a common identity (..) They have different meanings in different social
worlds but their structure is common enough to more than one world to make them
recognizable, a means of translation” (Star & Griesemer 1989: pg 393). Carlile (1997, 2002,
2004) discerned several kinds of boundary objects, such as repositories; standardized forms and
methods; models and objects. For this appendix it suffices to mention that boundary objects
exist and for several reasons enable team members to span boundaries and to transfer, translate
and transform knowledge (Carlile 2004). But what boundary objects are named by team
members; and why?

6.3

Method: a dialogue
Practices can differ strongly, including the tools, the vocabulary, the topics that are framed and
the methods of use. In order to understand these distinct practices, first of all (1) the interviewer
must be knowledgeable. One cannot discuss a topic that is deeply embedded in the practice of
someone, without understanding at least the practice somewhat. Of course it is impossible for
an interviewer to understand fully the distinct practices as a result of the profound specialization
inside large teams. Secondly (2), as distinct specialists also frame a topic differently, an interview
cannot be highly structured, or imposing a pre-established vocabulary. Rather, the interviews
should enable others to speak freely around the topic at hand, and let them deploy and explain
their topics and vocabulary. For that reason the interviews are not only semi-structured,
organized around loosely formulated aspects. It also resembles more a dialogue between two
persons who are knowledgeable, in order to discuss in depth e.g. decisions made on topics..

6.3.1

Interviews: structure
The interviews were conducted approx. 1 - 2 months after filming the meetings. The team at
hand was still working on ORE, but the number of meetings was low and most team members
knew what to do. Effectively, most team members were finalizing their activities. The interview
was semi structured, following five main questions:

Role and contribution of interviewed in the project.
This question is aimed to establish the (formal) role of the interviewee, and what that
implies for ORE’

Describing the ORE design as it is at the time of the interview, what characterizes it?
This question is aimed to understand what the interviewees considered ‘ORE’; what the aim
is of ‘ORE’; and the main topics ORE is about.

Reconstructing a time line of the main choices made and surprises encountered.
This is aimed to let interviewees reconstruct the activities of the team and their individual
contributions. Also it enhances to recapture with whom the interviewee had collaborated on
specific topics.

Evaluating (normative) what the interviewed considers the qualitative level of ORE.
This question concerned understanding the personal judgment of the interviewee on ORE.
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6.3.2

This question has a specific aim: it enables to establish the quality of ORE by the involved
themselves. Team cognition concerns alignment and coordination in activities. This
alignment and coordination can be established in hindsight, by means of the eventual result
of the collective activities. Is the eventual result a haphazard, poorly functioning whole, or
is it a unified and coherent whole depicting intelligence? This question concerns the
opinions of team members themselves on the results: the alignment and coordination of
activities as perceived.
Naming who else should be interviewed for this topic.
This question has two aims. Firstly it enables to reconstruct the pattern of interrelations
between the interviewees and others. Secondly it enables to transcend my personal framing
on ORE. As a team member, I also have a limited framing on the subject and hence it is well
possible I overlook important contributions or contributors.

My contribution as designer
As I am one of the team members involved, there is the practical problem that I cannot interview
myself. Hence, what I did is that before I conducted any interview, I made a short list of what I
knew alongside the questions asked in the interview. This is not done in depth, as due to
preparing these study I’m highly sensitized. What I did is that I made a list of roles and topics as
I knew it, and drew a time line of my own activities as I could recall it. These lists of roles and
topics are included in the data.

6.3.3

Analysis
The 13 interviews of approximately 38 - 90 minutes were transcribed. The timeline was scanned
and added as data. Any a priori and closed coding scheme was rejected, as it was an open ended
inquiry. A coding scheme was developed, by coding few interviews with several co researchers
together. But as the interviewees addressed entirely different topics, and the distinct aims on
ORE surfaced, it showed that deriving such a scheme and coding all interviews by means of that
scheme is difficult. Any interview includes topics addressed by no one else, but are relevant after
all. Therefore a 4 step approach was taken (see also the figure A6.1).
Step 1: condensing and coding the interview
The transcript included the questions and comments of myself as well, as it resembles more a
dialogue than an interview. The transcribed interviews are condensed in a similar way as was
done with the transcript of the team reflective practice (appendix 3). Firstly (1), it is divided into
segments of meaningful utterances. This implies that the raw text is divided into coherent
segments. This is done intuitively, along the lines of the natural pauses when somebody is
talking. But sometimes what the interviewee remarks is divided, if rather different topics are
addressed. Secondly (2), it is cleaned: all lines, words and so on that have no relation with the
subject, are removed; like jokes, irrelevant remarks, or ‘uhh’. What remains is a natural and
understandable dialogue on ORE. Thirdly (3) all these segments are labelled, describing what the
utterance is about, i.e. the naming of the framing at hand. The names of these frames are
derived out of the transcript. This step is done together with two co researchers.
Step 2: visualizing the interview
The interviewees often discussed a topic more than once, e.g. stalling it to discuss another topic
in between. Hence, the interview are visualized, in a mind map like approach, whereby relations
between the frames are established. This is done by hand, often requiring two or three attempts
before a proper structure can be imposed. This enabled to gain a deep understanding of the
arguments of the interviewee, and above all the relations in his arguments. As it concerns a
personal and hence subjective structure that is superimposed, these visualizations are not used
for further analysis. It enables to understand what is discussed, and what is meant with typical
words. It eventually results in targeting some topics that are discussed by all, despite their
different framings and vocabulary.
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Step 3: coding
On the base of the condensed interview and the labels derived, the interviews are coded. Initially
three categories of coding are used: (1) persons / roles (e.g. “the validator asked me..”; (2) topics
addressed (e.g. “flushing was an outcome”) and (3) objects that are named (e.g. “H. has a really
nice simulation depicting the paper path”). At first, the literal words as used by the interviewee
are used, and in a second step this is aligned across interviews to enable cross comparison. This
concerns that e.g. some interviewees refer to roles by naming the person in that role, whereas
other name the role. Likewise, depending on the framing sometimes distinct words are used
referring to arguably the same topic; like “boxes”; “zones” and “do 1-2-3” all referring to a
sequence in activities of the operator. Eventually a long list of topics was a result, and these are
aggregated in 5 main categories: ‘printer engine related’ (hardware); ‘system behavior related’
(software); ‘integral’ (including both printer engine and system behavior); ‘user interface related’
(concerning informing and guiding an operator); and ‘diverse’. This latter is simply a category
including topics that do not fit any other category, like service-ability or safety.
The original interviews that include the literal namings are coded by me, and verified by coresearchers. The second and third actions of renaming across interviews and aggregating topics
(enabling cross comparison) is done by me. It requires specific knowledge to do this translation.
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Step 4: comparing specific topics across interviews
Eventually, on the base of the visuals and codings few topics are found that are discussed by
most interviewees, enabling to compare the specific aims and considerations of interviewees.
And also to establish the relations among them.
Analysis
For analysis of the patterns and the topics ‘Circos’ software is used, that is targeted at
visualizing complex tables. It depicts date in a circular fashion, enabling to visualize relations in
the table that are hard to find or explain otherwise.

6.4

Results
Below the tables and the visual representations are provided, thereby framing on distinct
aspects. Firstly roles are shown and discussed, secondly the topics as mentioned by the
interviewees. For analyzing the tables ‘Circos’ software is used, which represent tables in a
circle, as explained in chapter 3.5.5.

6.4.1

Interviews conducted
I orchestrated several interviews myself purposefully, because (as a designer) I knew these
interviewees contributed. As the last topic of the interview concerns the question ‘who should
also be interviewed’, and additional interviews are conducted. Not all mentioned persons are
interviewed: everybody includes new, and specific names, showing an endless pattern. This will
be discussed in the findings. Eventually 13 persons are interviewed, see table A6.1. Note that list
of roles and topics of myself –as a designer- are included in the dataset, i.e. the dataset includes
14 persons. In the table, on the left side, the generic role is labeled, also used for further
analysis. This overlaps with organizational roles inside Océ. The second column depicts the role
of the interviewee inside the NPD team, which is (far) more comprehensive as ORE. This is the
formal role, as they addressed it themselves. The third column depicts the background of the
interviewee. As will be seen later, this strongly shapes what topics are addressed, next to the
topics related to the current role. The last column depict whether or not the interviewees were
shortlisted by me a priori conducting the interviews.
Role

Interviewee

Project Leader
Print engine architect
Mechanical developm ent
Function responsible Total Construction (mechanical)
Functional design Paperhandling
Main mechanical engineer Paperhandling
Mechanical engineer HEX
Electrical Engineering
Function responsible User interface
Testgroup
Quality lead
Usability engineer
Design
Interaction designer
Visual designer
Softw are engineering
Function responsible ToKo-S
Embedded Softw are engineer
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Back

short

ground

listed

Mech. Dev.
Soft. Eng

yes
no

Mech. Dev.
Mech. Dev.
Mech. Dev.
Mech. Dev.

yes
no
yes
yes

Electr. Dev.

no

Mech. Dev.
Design

yes
yes

Design
Design

yes
yes

Soft. Eng
Soft. Eng

no
yes

As can be seen, most team members that are interviewed are of mechanical development and
also two key team members have this background (project leader and functional responsible test
group). This is a result that for developing printers, this role is still fairly dominant in the
development.

Roles
Below in the table the number of roles that are mentioned by individual interviewees are
depicted. In a way, this table depicts well who collaborates with whom, according to themselves.

1

Mechanical Development 4
Electrical Engineering

5

Non-R&D

Print Engine Architect

Software engineer

2

Designer

1

Quality lead

Project Leader

Electrical Engineer

#

Mechanical Engineer

interviewees

Print engine architect

mentioned roles

Projectleader

6.4.2

5

5

9

4

4

2

3

1

1

7

2

5

2 35 1 21 14 3

1 16

Testgroup / quality lead

2

1

Océ Design

3

1

8

Software engineering

2

2

8 11 3

14

5

19
1

82

7

14

13 14 3

48

2

1

31

5

5 17 3
3

9

1

7

40
43

11 16 78 15 54 70 29 3

In the figure below all findings are condensed into one visualization. The large circle on top
depicts all mentioned roles together of all interviewees. The left side is the list of interviewees;
the right side the roles they mentioned. The smaller circles in the middle (roles mentioned per
group of interviewees deploying a specific role) depict the roles that were mentioned by the
interviewees. So the first circle shows the roles that were named by the mechanical /engineers
developers that were interviewed (average of 4 persons). The smaller circles on the bottom
reverse this: the circles depict the number of times a specific role was mentioned, and by what
interviewee. There are three ways to discuss the findings.
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Interviewees mentioning roles
The first way to discuss the findings, is by considering what kind of roles are named by the
distinct groups of interviewees. Put differently: what roles are relevant for a specific discipline,
with what roles is collaborated with in the case of ORE? This framing shows among others:

Both the mechanical engineers and the validator (with a background in mechanical
engineering) often named other mechanical engineers, the validator and the designers.
They rarely named other roles.

Software engineers, electrical engineers and the printer architect (with a background in
software engineering) often collaborated with other software engineers, electrical
engineers, the architect and the designers. However, one of them also often named
mechanical engineering. He often ‘gathered’ information at mechanical engineers in order
to do his tasks.

The projectleader mentions most roles; and leaves out none. He is apparently well aware
whom should contribute.
Designers, electrical engineers and the architect named relatively few other roles.
Their interviews concerned more the content of ORE than who-does-what.The roles
mentioned by interviewees
The second way to discuss the findings, is by considering how often roles are named by all
interviewees, and by whom. Put differently: what roles are considered relevant if all interviewees
are aggregated in the case of ORE? This framing shows among others:

The roles named most are those of the mechanical engineer, the designer and the validator.
Interestingly thereby the designers are named relatively equally distributed. Whereas the
role of mechanical engineer is most of all named by (former) mechanical engineers,
designers are named by all.

The project leader is hardly named, showing that in the actual activities done for ORE the
project leader had a minor contribution.

The role of software engineer and architect is mainly named by themselves. This will be
explained later.
Cross comparing
The third way to discuss the visualization, is to consider the large circle, and cross comparing
the two series of smaller circles. This shows that:

There is a clear ‘boundary’ between at one hand mechanical engineers and the validator,
and at the other hand the architect, software engineers and electrical engineer. This
boundary is discerns the practice of hardware and the practice of software. The boundary is
preeminently spanned from the side of software, as the ribbons from bottom left to top
right show. This finding will be explained in depth in 6.5.

The projectleader names most other roles, but is hardly named by others. This aptly shows
effective delegation inside the NPD team: he addresses well who needs to conduct activities
in order to develop ORE. But he is not part of the activities.

Designers name few other roles, but are often named by others. This shows once again that
designers are poorly aware of their specific contribution. Of more interest is that the
designers are named by all others, bridging between the world of hardware and software.
The naming is also relatively equally distributed, showing that the role of designer is
considered relevant for both hard- and software related matters.

The validator, a role that concerns validating and verifying the product quality is also
named often, and relatively equally distributed. Like designers this role seems to be in the
middle of the practices of hard- and software.

6.4.3

Topics
The interviewees mentioned many topics, and in few steps these named topics are aggregated in
5 main categories, as can be seen in the figure below. Below in the table the topics that are
mentioned by individual interviewees are shown. In a way, this table depicts what the
interviewees considered relevant topics of their past activities, to discuss in the interview.
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Topics

#

User interface

Hardware

Behavior

Integral

Diverse

Projectleader

1

1

4

1

1

1

8

Print engine architect

1

3

1

4

5

1

14

Mechanical developm ent

4

5

32

4

13

1

55

Electrical Engineering

1

5

4

1

5

2

17

Testgroup

2

2

10

2

8

2

24

Design

3

14

20

1

12

3

50

Softw are engineering

2

1

5

6

11

5

28

31

76

19

55

15

This large visual (figure A6.3) condenses all findings related to topics. The large circle on top
shows all findings together, whereby the left side depict the role of the interviewees; and the
right side the topics that are discussed. The first series of smaller circles below the large circle
shows what topics are addressed per group of interviewees deploying a specific role. This shows
what topics have the attention of a specific role. E.g. the first circle on the left depict what topics
the mechanical engineers discussed. The series of 5 small series below depict how often a topic
is named by the interviewees and by whom. This depicts well by whom a topic is dealt with.
Again the findings will be discussed in three ways.
The topics mentioned per group of interviewees
The first way to discuss the findings, is by considering what topics are named by the distinct
groups of interviewees. Put differently: what topics are relevant for a specific discipline, what
was their concern? This framing shows among others:

All groups name all category of topics. Hence, even though the interviewees have distinct
roles and framings, they include topics that basically are outside their practice. E.g.
mechanical engineers do mention behavioral aspects, the domain of software. The other
way round, software engineers name printer related aspects.

The relative width of the segment, showing the number of topics that interviewees named
(average per group) is relatively the same across roles. Only the project leader names less
topics, which merely underscores the aforementioned finding that the project leader
discusses roles rather than activities and topics; i.e. is delegating responsibilities.
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Topics mentioned by all interviewees
The second way to discuss the findings, is by considering how often topics are named by all
interviewees, and by whom. Put differently: what topics are considered relevant, if all
interviewees are aggregated in the case of ORE? This framing shows among others:

The topics that concerned most are print engine related, like accessibility, robustness and
transition areas between modules, and also related to ‘integral aspects’ that includes both
hard and software. This concerned e.g. the integration of third party modules, or the
alignment of so-called zones inside the engine and error behavior.

Typical software related topics, concerning the system behavior are also named by all, but
less frequently. Also this mainly is the domain for the software engineers and the printer
architect.

All interviewees discuss user interface related topics, showing it is a topic all are concerned
about.
Cross comparing
The third way to discuss the visualization, is to consider the large circle, and cross comparing
the two series of smaller circles. This shows most of all that despite the distinct practices of the
interviewees, the topics that concern them and they deployed activities for are not restricted to
their domains. It is rather the other way round: it shows how their activities are coupled tightly.
Even though the distinct roles have distinct contributions, aims and frames; the topics they are
dealing with in their everyday practice are the same for all. This will be discussed more in depth
below (A6.5.3).

6.4.4

Objects
Discerning objects showed to be difficult. The aim to code objects is to discern boundary objects
that are deployed by many. But a name of an object often is used to refer to a topic rather than
the object itself. E.g. the naming of “the flush area” can refer to both the actual area inside the
printer, but also to a generic solution strategy deployed to spool a printer. Likewise naming e.g.
specific prototypes like the “ Engineering Prototype - Construction” can refer to the actual thing
itself, but also to a specific period of team activities. Hence, eventually the coding of ‘objects’ is
discarded, apart from some qualitative reflections below.



All team members discuss at length what they saw and experienced at the integrated
prototypes. Tangible objects and the interactions with these objects are crucial for
detecting problems in relation for ORE. They are detected in the prototypes, and explained
to others and discussed around the prototypes:
“I experienced myself that the ‘do 1-2-3’ 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 [user interface] alerts me to open the Vertical Transport..(..) Ok, I open the
door, clear the vertical transport and close the door. Then I get another message (..) Owww,
I had to open another part (..)OK, I got the picture. (Architect)
“If you developed a module whereby the sheet is inaccessible, and every time a paper
jam occurs they call you to solve it (..) unscrewing several parts before you can continue
with what you planned to do….it is a good reason to change your parts (laughs)!
(Mechanical engineer)
“We looked at it, integrally. To all paper handling functions, for accessibility. (..) and
then, together with F., we actually discovered that in this specific situation, we could not
access it. Whatever we tried, we could not get the sheets out of the “shark’s jaw” (main
mechanical engineer)
“Not so long ago we had a session with the doors, and –again- the turn unit. You
remember? When it collided with the door.” (mechanical engineer)
“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).
“Team members that test (..) I also tested myself often, also together with P. Or I’ll
asked him to join me, to discuss with him what he thought about what I saw [when testing].
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Like: ‘now we have to remove sheets here once again. Can we not better spool it to the
finisher after all?” (Function Responsible Embedded software)
Next to the prototype other objects were also relevant for team members, like CAD models
or dynamic models of behavior:
“Partly we validated it with the proto, and partly otherwise. 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.” (User interface designer)
“Well, even though I’m not responsible for those handles, I could immediately see [in
CAD] it wouldn’t work out” (Mechanical engineer)”
Team members know that these CAD models or simulations do not represent the real
world, or even result into errors.
“We spend 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 fire. In CAD it seemed a reasonable scenario. But when we tried
whether the paper would catch fire 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)
The integrated prototypes depict the work of all team members together, and are the core
of team activities. However, prototypes often do not represent the latest state, like missing
some parts or lacking the latest software release. If the prototype does not represent the
state of affairs, it’s value is reduced:
“That was around Engineering Prototype -C. We fine tuned it and adapted it, and only
then we got real feedback. Of course, you can discuss a lot of things before that moment,
but actually... Every time people will say: ‘you know: we don’t have it completed yet, it all
will be better’. Well: that is hard to draw conclusions from. So you really need it integrated
in the prototype. This is actually quite a problem” (functional responsible embedded
software).
If a prototype is not reliable yet, it’s value is also reduced significantly. Errors occur simply
because the prototype lacks parts, or lacks the latest parts. Or parts are simply unreliable
because they are still early in their development. This disables to ‘see’ and evaluate
problems that concern the complete product, including these parts:
“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. And when the
front part is stable, you will find you missed things completely” (validator)
“..In the beginning you have …the happy flow. Sheets do fine, and if one jams, well you
take it away. Then the error handling is developed (..) if the interface mentions: open that
area, but actually it is not possible. Then I say: he mister software engineer, can you please
take a look? Because I have something here that cannot be…(..) You will not find these
problems until the error handling is implemented” (senior validator)
Some team members are well aware that they know too much, to look at the prototype
objectively. They no longer ‘see’ problems that occur, or solve things so quickly that they
miss important cues that point to problems they are unaware off.
“(..) he is the one who is spending most time at the prototype. At least of our team.
Well, he knows damn well where a sheet is jammed, he ignores all information and just
opens the flap on the left, the door and so on.” (functional responsible embedded software)”
“We made an appointment to act as if we are operators. We try at the moment that
something occurs to switch off all that we know. We do as the machine asks us to do. Of
course that is hard. Sometimes you just like to proceed with a long test run you are
conducting; and then just want to remove the sheet that is jammed. Even then you have to
think:’ wait, now what am I supposed to do? (Validator)

In short: objects and above all tangible objects are pivotal for the discovery of problems,
evaluating ideas, and proposing solutions. At the same time a typical characteristic for NPD is
that often object do not adequately represent the state of affairs. Prototypes always have some
parts that are not state of affairs, have an old software release, are unstable, do miss parts that
may seem unimportant but are important after all, like covers. All interviewees discuss at length
their personal experiences with these objects, even naming e.g. a specific period of the NPD
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project by means of an object. Whereas in teams there seems to be a boundary among team
members, effectively disabling to collaborate or discus together; objects are deployed by all,
often and intensively.

6.5

Discussion
The interviews are discussed so far by considering who collaborates with whom; what topics are
addressed; or objects involved. Below these findings are integrated.

6.5.1

The boundary between the practices of hard- and software
In figure A6.2 the boundary between the practices of software engineering and mechanical
development / engineering manifest clearly for ORE. Other boundaries are not observed. The
two worlds hardly mention each other in the interviews, when they reflect on what activities they
did, what mattered and what they consider relevant. Often only the other practice is named when
I asked who also need to be interviewed, showing that team members are aware of the other
practice, but hardly collaborate with them in the daily activities, at least for ORE.
Looking at the interviews themselves, several explanations, are provided for this boundary.
Firstly (1), the activities of the team as a whole in relation to ORE have a sequential character.
The main choices made for hardware are made a before software engineering started to up to
2007, like the distribution of modules inside the printer, the layout of the paper path, the
technical principles to enable access to paper jams and so on. The software activities ramped up
in 2008. The team members accepted this as a fact: developing hardware takes much more time
and iterations before it is sufficiently stable to develop behavior for ORE. A validator even
mentioned that one cannot find many errors until the hardware is sufficiently stable. The other
way round, several interviewees also mentioned that probably a better ORE could be developed if
some main architectural choices including both practices are made earlier; and above all
together:
“I really would liked to have another way to implement error handling. (..) I think that
my piece of work could have been different, had another course of events, a better
implementation (..) if we did things more intelligently. (..) We need a more defined process in
time, also for the early days. Including: what do we need to know when, a milestone.
(Software engineer)
“Well, I think that listening to opinions of others (..) that is the essential. That someone
does not overlook topics, or the other way round overemphasizes other topics. (..) I think we
did not embed that sufficiently in this project; how we do things. It happens, but somewhat
haphazard. (..) People are asked to take a look, but often others are forgotten. That does
not mean that if it is organized, things are not forgotten, of course.”(Function responsible
software engineering)
Secondly (2), as observed in practice: the hardware and software teams were mainly separated
in two large workspaces. Both owned their integrated prototypes, both conducted specific tests.
In a way the organization of the NPD project includes or even enacts the boundary as seen within
this ORE case. Of interest is that this aspect is not mentioned in the interviews directly, whereas
several decisive meetings whereby the complete team was present are mentioned. If a prototype
is evaluated together and ideas are born, or problems are detected; these moments are
mentioned. But nobody reflects that potentially the lack of doing things together, seeing things
together constitutes the boundary they are somewhat aware of. It can be argued that many team
members are unaware of the importance of doing things together, sharing prototypes and so on.
However, the interviewees with considerable working experience all underscored the relevance
of prototypes and small iterations:
“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).
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6.5.2

Detecting boundary spanning roles
In order to bridge practices, it is theorized that boundary spanning roles exist, including
‘nominated boundary spanning roles’ and ‘boundary spanning roles in practice’ (chapter A6.2).
Both roles are found: the nominated boundary spanning roles introduced themselves as such
and also the project leader explained how he organized the complex ORE topic:
“We have a specific way of working in the TC. The macro aspects are distributed to TC
members. The topic of heating and cooling inside the engine is dealt with by ToKO-W. The
topic of accessibility also by ToKO-W. Safety was pulled by ToKo-W. (..) I assigned these to
persons are responsible for total aspects (..) who deal with it at their sole discretion. These
topics are by their nature multidisciplinary, and you have to assign it to someone who takes
responsibility”.
Of interest is that these nominated boundary spanning roles are often only named as someone
in the background, or someone that needs to be interviewed. They are not mentioned when he
team members discussed their activities and concerns. This should not be interpreted
negatively: these nominated boundary spanners delegated these topics to members of their subteam. And these are the persons that are often named. This phenomenon best shows when
looking at the project leader: he aptly explained who does what, but is hardly mentioned by
others. Although some interviewees framed this somewhat negatively (“I think he [nominated
boundary spanner] should have had an opinion about it, yes”), it shows that decision are
migrated to those who know best what to do, those who have expertise on the topic. Weick &
Suthcliffe coined this as a ‘deference to expertise’ (2nd ed. 2007: pg. 73-80). This is a
characteristic of teams and organizations that are capable to deal with unexpected situations,
precisely what this ORE case is about. Thereby ‘expertise’ should not be read as ‘experts’:
expertise seldom is incorporated into a single person. Rather, the involved team members know
whom they should consult when they make decision, or know whom they should ask to take a
look when they experience problems at prototypes. This ad hoc organizing surfaced strongly in
the interviews, whereby it is often mentioned that people are asked to take a look at the
prototype, or ask others to take look.
There are 4 boundary spanning roles in practice detected. The first one is a software engineer
who is the sole explanation why in figure A6.2 a ribbon is visible between the two practices of
hard- and software. He is the person who “really developed ORE, actually” according to some. He
is a kind of team member that operates in the background, what explains why e.g. a project
leader is unaware of his activities. Of interest here is that he well fits the 3 conditions put
forward for becoming a boundary spanning role (Levina & Vaast 2005). What he did is that he
started to collect information at mechanical engineers in order to conduct his activities. He felt
an inclination to do so. Thereby he developed several integral solutions that also had an impact
for mechanical engineers. In time he acquired the legitimacy to discuss matters on both side of
the boundary. Due to the deference to expertise, he could also represent others and negotiate
well.
The two other boundary spanning roles seem to have another reason for their boundary
spanning role, not addressed by Levina & Vaast (2005): they represent other practices that have
strong relations with both the practices that are divided. So if two practices hardly ‘see’ each
other’s practices, it is possible that a third one bridges between these two. It concerns designers
and validators. They are mentioned by all interviewees some way or other, showing that all
involved interacted with these roles. This can be seen in the figure below.
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If one looks at the content of the interviews, several characteristics of this these roles can be
distilled. First of all (1) it concerns neither the realm of hardware or software: these roles are
more concerned about the product as a whole, and therefore take into consideration both. This
provides also the reason why these boundary spanners feel inclined to discuss topics with many:
they consider the product as a whole and evaluate the impact of constituents. Thereby they
seem less inclined to attempt to understand why choices are made, but frame things outside-in.
Regardless what practice is responsible for this constituent.
Secondly (2), these roles in time acquired in the ORE case the legitimacy to discuss problems and
solutions across practices, although these roles are somewhat peripheral. Team members
discuss and consider ideas and problems with them, but these roles will not implement the
eventual ideas. This mutual relationship relies on accepting each other’s considerations and
framings, thereby attempting to find solutions that are sufficient for both. It is discussed in the
interviews, whether or not these roles should have a right to veto if quality is insufficient, but it
seems that team members feel at ease with the somewhat inherent ambiguity, whereby e.g.
usability considerations are balance with other topics.
Thirdly (3), and often named, in a way these roles for the involved team members are
ambassador roles for operators and clients. Hence, team members often like to discuss with
these roles what is ‘good enough’ and why; in those situations when an operator or client is
involved. This framing transcends the boundary between hard – and software; and establishes an
ongoing discussion that enables to span boundaries.

6.5.3

Heedful interrelating around topics and objects
Despite the boundary in the team developing ORE, and the inherent impact of making
architectural choices sequentially, all interviewees were all quite satisfied with the result of their
collective work. It shows that activities are aligned and coordinated after all. Next to the detected
boundary spanning roles, another reason explaining this alignment surfaces. Individual team
members can interrelate well their activities to the topics and objects they have. Even though
their practices are separated through and through, they share the same world of topics that
need to be addressed, and prototypes that need be constructed, tested and evaluated. Below an
overview of all the topics addressed by interviewees deploying a specific role is provided. All
roles addressed all categories of topics. Even though it can be seen that e.g. mechanical
engineers attend more to hardware topics and designers more to user interface topics: all of
them also discussed other topics. Thereby they consider for instance if a specific problem best
can be solved in their realm, or better in another. Should e.g. an inaccessible paper jam be
solved by making it more accessible (i.e. mechanical engineering); by explaining it better in the
user interface (i.e. design) or by means of reversing the motors in order to clean areas (i.e.
software)? Or should it not be solved at all, because it is expected that it is poorly but
sufficiently accessible (i.e. usability engineering / validator)? The other way round: team
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members also do not take what others do for granted. They take into consideration what the
work of others implies for them. Even when it is formally a no-go area.
“I always consider the environment I’m part of. Is there any ‘play ground’ available? Is
there something that makes it hard for me to develop my function? And then I tend to
renegotiate these issues.(..) If they can make a small modification that makes my work a
piece of cake...well: we should not hesitate to do so” (Mechanical engineer)
This puts forward an interesting paradox. Although a boundary exists between practices, team
members in time are well capable to interrelate their activities in the larger system they are
contributing to. Despite that e.g. mechanical engineers hardly mention software engineers when
discussing their activities: they do discuss the impact of software behavior for their activities,
and take into consideration what software needs to do or need to know. They consider where
sensors for detecting errors are needed, also for ORE, even before software engineers were
involved in developing ORE. They consider what behavior might solve, what is hard to solve in
the realm of hardware.
This well shows what is meant with heedful interrelating: individual team members do their
activities thereby taking into consideration the work of others carefully, critically, willfully and
purposefully. The tissue of the resulting pattern that arises is provided by topics requiring
attention of many; and object deployed by all. Of course: the ORE case as a whole shows that in
the beginning activities were poorly aligned; note that the interviews were taken in the later
stages of developing ORE. Team members build up much knowledge about their relations with
others, and hence team mind has developed. Of interest is that this team mind does not emerge
as a result of communication; rather it emerges as a result of doing and experiencing activities
and interactions with objects.
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6.5.4

Distinct framings of a topic
Even though the topics team members address are often the same, they do not frame the topic
the same way. Actually: they can frame it quite different, if one articulates specific topics in the
interviews. An example is provided by the topic that is designated by interviewees as ‘zones,
‘boxes’, or ‘do 1-2-3’. This topic concerns guiding an operator by means of a sequential order
through the printer engine; whereby the number varies from 1 up to 3 or 1 up to 7.
Interestingly, the mechanical engineers discussed ‘zones’ in relation to accessibility (e.g. where
to open up a paper path; where to pull out parts, how to guarantee that all valves are closed
after performing ORE) and ‘stickers’; software engineers discussed zones in relation to detected
error codes (e.g. this includes codes ‘4416’ and ‘4419) and behavior. Designers discussed the
topic concerning what can be shown in the user interface like small animations, or merely a
photo, and how hardware can guide operators intuitively without the need for explanations. One
topic, namely the state-of-affairs of the prototype at that moment. Yet all involved frame it
somewhat different and deploy distinct activities.
Of interest is that the topics at hand aligned the activities of many, even though the topics at
hand are hardly developed. E.g. the ‘do 1-2-3”was merely an idea; and the ‘frotkleppen’ an area
named that way; yet it enabled several individual team members to interrelate their activities
with others intelligently and simultaneously. It shows that team members interrelate their
activities from their personal perspective, not by means of a well developed and described
‘common understanding’.

6.5.5

The contribution of embedded designers
The third research question of this study is: what is the contribution of designers? First of all it
shows that designers in the ORE case span the inherent boundaries between the practices of
soft- and hardware. They are hardly aware of this specific contribution of their role, and the
question whether others are. It manifests in figure A6.4 as all others mention their interactions
with designers, yet nobody mentions their central role for the team. Of interest is that this
boundary spanning quality seems to be linked to their specific framing of problems. Others see
designers as ambassadors for users and operators, and hence involve them in issues where
usability or user experience potentially is at stake. The other way round, designers tend to filter
what others do for the implications for the eventual product. This framing is deployed on
matters as accessibility of hardware deep inside the printer engine; on behavior of software
when a specific error is detected; and on what others expect operators to do (and what not). This
framing on product and user is a framing that includes both hardware and software, without
over-emphasizing any one of them.
“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. The concept behind that….
That was the work of the designers” (Function responsible Total Construction-mechanical
engineering).
In a way, designers are representing in the context of Océ the product – user interaction. Much
likewise the often discussed validator. And when topics become complex like for ORE, disabling
distinct practices to align activities, this product-user interaction is a way to envision what the
impact is of the collective activities. Firstly by discussing how things eventually will manifest,
and secondly by discussing how an operator experience it or will deal with that. Team members
can span boundaries among practices because of this specific framing and discussion on
product and product-user interaction. It enables to discuss what team members do at a level that
transcend the level of individual practices. A framing that is facilitated among others by
designers.
Levina & Vaast (2005) mentioned that there are three conditions in order to become an effective
boundary spanning role in practice, as discussed in chapter A6.2: legitimacy to participate;
legitimacy to negotiate for others and an inclination to span boundaries. It is not easy for
someone to become a legitimate, and possible peripheral participant in the distinct practices.
109

Drawing on the notion of a legitimate peripheral participant (Lave & Wenger 1991), any boundary
spanning role in practice needs to develop the ability to understand and negotiate the
relationships that exists among practices. He needs to gain access to the other practice,
understand the implications and also can participate at least to some extent to gain the
legitimacy provided by the involved team members. Designers are not part of the practices of
hard- and software, in between the boundary exists: they are a third practice. A practice that
concerns the user and user experience, which is thoroughly mediated by the choices made in
hard- and software. Hence, the practice of designer includes the choices made by other
practices, and designers develop a stake in the practices of others. They are inclined to mediate
and discuss choices made by others, and therefore develop an interest to understand the other
practices sufficiently. However, only by means of doing i.e. participating, they can gain access to
other practices, others need to ‘learn’ what a designer does and can do:
“I did not know what an operator expects. As a technician, I know what I have to do,
but operators…(..). That image only arose in the dialogue. It is really necessary to know,
and it only emerged as a result of interactions with the designers.” (Software engineer)
The implication of being a legitimate peripheral practioner is twofold. Firstly (1) it underscores
that designers need to develop relations with other practices and develop mutual trust. Although
designers are known to be ambassadors for users and user experience, designers, at least within
Océ, have no veto and only escalate in rare situations. This had nothing to do with designers, or
designerly aims, but that because for all parts and modules a range of topics needs to be
balanced. The balancing act is a team responsibility: if other issues are at stake like 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
acquire their legitimacy by showing they care about concerns of others, likewise others acquire
trust of designers by showing care for designerly aims. Although it sometimes was mentioned
that designers are perfectionists, in the interviews the aims of designers are esteemed. This is
also important as designers need to negotiate every now and then on behave of others: the
designers at hand were part of sub teams and clearly discussed topics on behave of these sub
teams.
Secondly (2), it underscores why for specific topics designers need to be embedded inside a NPD
team. ORE is a topic whereby the activities of team members are tightly coupled. Decisions made
by one team member directly impacts the work of others. Hence, all team members eventually
need to understand the interrelations between their work and those of others. What emerges in
the interviews is that team members learn so by doing, as a result of their activities they
eventually understand what matters for others and for the eventual product. Also the legitimacy
to cross boundaries and do proposals in other practices is a result of a shared working history.
This is no different for designers: they need to work for some time with others, in the same
world and with the same objects. Eventually developing heed in their activities in relation to
others, that provides them the legitimacy to participate across practices and negotiate on behave
of others.
The inclination of designers to involve with distinct practices is provided as their aims for
developing user friendly and pleasurable products are mediated by choices of others. Hence,
they dived deeply into the practices of others. Of interest thereby is, as von Hippel (1998)
suggests: is that the most useful information for teams and organizations is developed by those
who benefit most; not by means of detached specialists. For ORE, the designers stakes were high
and hence they invested considerably in spanning boundaries. In the case of ORE their
contribution was recognized and respected.
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6.6

Conclusions
A common world enabling to align and coordinate activities
This study is geared for understanding team mind: what the interrelating patterns are that
enable to align and coordinate activities among team members even without much explicit
communication. This study shows vividly how the patterns of interrelations emerge and
crystallize into team mind. Even though practices can be severely different, including different
tools, jargon and framings, multidisciplinary teams can align and coordinate activities into a
seamless and unified whole, like for ORE. Even when a boundary exists between practices. First
of all (1) because these two practices can collaborate with other practices that ‘hover above’
these two practices. This enable to span the boundaries via these other practices. This is an
aspect which, according to me, is not discussed before: mostly spanning boundaries is
discussed by means of roles that span between two practices. The findings here suggest that via
a third practice also troublesome boundaries can be crossed, because this third practice
incorporates aspects of the other practices. This third practice’s stakes and aims are mediated
by choices of the other practices, therefore requiring to participate in other practices, and
negotiate even across practices.
Secondly (2), and most importantly, the distinct practices may find problems in understanding
each other’s practices, but they are nevertheless situated in the same world. They work on the
same NPD project; deploy the same prototypes; meet the same generic requirements; and
deploy the same planning. Even without much communication, team members can align and
coordinate activities, due to these real world anchors. Above all the prototypes enable team
members to see and experience the activities of others. To see and experience what their acts
resulted into in relation to the work of others. They witness that doors collide with parts they did
not expect. They experience how errors that cannot occur, occur anyway. They see how an
unanticipated error results into shattering expensive prototype parts. By means of these
interactions into a common world, the individual team members learn about their relation with
others, and can anticipate heedfully what intelligent choices are. Even when the interactions with
others are actually not often occurring. Proficient team members need a prototype or another
object to bracket relevant cues that depict problems are ahead:
“The problem was: I started in this NPD project with the assignment: develop the paper
handling. I looked a week at it, played around with it and then stated: I will not develop this
rubbish. (..) I was present [some months before] when the project leader wanted to evaluate
the state of affairs. And in those session I already had this feeling: something is wrong here.
I didn’t like what I saw” (Functional designer Paper handling)
“I got a compact document, with a preliminary concept of what locations needed an
explanation in the user interface. (..) Somewhere it is mentioned that operators are not
allowed to pull it open, before they cleaned all transition areas. Immediately a bell inside me
alarmed me: how on earth could I guarantee that... (Interaction designer)
Joint practice
Brown and Duguid (1999) suggested that communities of practices are bound together because
their practices inevitably overlap, they have the same real world foundations. They coined it as
‘networks of practice’: “Practice creates the common substrate. With the term network we also
want to suggest that relations among network members are significantly looser than those
within a community of practice. (..) [U]nlike in communities of practice, most of the people
within such a network will never know, know of, or come across one another. And yet they are
capable of sharing a great deal of knowledge” (Brown & Duguid 1999: pg. 205). This suggestion
is well supported in this study. Distinct practices can work together on a tightly coupled topic;
even if team members find it hard to understand each other’s practices. They demonstrate to
frame the topic at hand entirely differently. Yet they are capable to align activities well, due to
the intersections of their practices: the integrated prototypes; the meetings together; the
planning; the discussions on the impact for the product and the users. However, I like to name it
‘joint practice’ rather than ‘networks of practice’. Firstly (1) because the practice that constitutes
this seamless collaboration of the team, is both guiding their activities and a result of their
activities. Team members construct the network themselves; they develop, built and test
prototypes themselves. Hence, in time their practices become (partly) joint. Secondly (2), ‘joint’
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underscores that the distinct practices construct a new joint practice, something that transcends
what is known before and in time enhances understanding each other’s practice. A ‘network’
underscores the sharing of knowledge at specific points, among communities of practice. It
lacks the dimension of creating a new practice; which is pivotal for NPD. ORE as developed is in a
way a new joint practice for the team at hand. Beforehand team members were doing their work
relatively on their own; when problems occurred they started to interact and as a result
developed new solutions together, that in time are the anchors of this new joint practice. Levina
& Vaast (2005) discussed the emergence of a new ‘joint field’; a similar perspective.
In chapter A6.2 it is argued that boundaries inevitably reduces team mind, as team members are
poorly aware of the practices of others and hence can only superficially interrelate their
activities. This argument needs some refinement, as indeed team members need to have an
understanding of the practices of others. This understanding is also constituted by the real
world all team members engage in. It is not an absolute necessity that team members interact.
The tacit dimension of knowledge
This construction of joint practice is related to what Orlikowski named ‘knowing-in-practice’
(2002): highlighting that what organizations ‘know’ is continuously constituted and reconstituted in the everyday practice. She thereby underscores an aspect related to the tacit
dimension of knowledge, that possibly explains why team members were incapable to e.g.
provide an adequate architecture including hard – and software for ORE beforehand, as some
interviewees remarked. Note that several involved team members were experienced and dealt
with ORE before, including myself! What Orlikowski discusses is that team members only ‘know’
what to do in the situated context of their everyday practice. Thereby practice is not abstract; it
is “recurrent, materially bounded and situated action” (pg. 256), i.e. the real world.”Take away
the practice of doing machine design, flute making and paper handling, and there is no tacit
[dimension of] knowledge; and no collective competence in these areas” (pg. 270). In the ORE
case it showed that not until sufficiently well developed, reliable prototypes and documents
existed, the actual ORE development started. By interacting with these objects, discussing across
practices and so on, the ORE is developed. Take away the reliable prototype, and team members
are incapable to develop ORE collectively. Not because they do not know what ORE is, but
because they need the objects to ‘think’ collectively.
Constructing standards on the go
Another, somewhat different implication of this study, is derived from the relatively equal
appraisal of the results of the collective activities in relation to ORE. As team members did
collaborated but not intensively, this cannot be explained a sort of groupthink, whereby
consensus is strived for at any cost (Janis 1972). The findings suggest that team members in the
process of aligning and coordinating activities simultaneously developed the standards that they
need to meet with their collective efforts. In the interviews, often is reflected on establishing
‘what is good enough’; and team members thereby refer to implicit methods to validate
proposals with others. These others can be direct team members, but also team members who
have nothing to do with the topic at hand, senior R&D members that are not part of the team
(‘experts’) or users:
“When I joined the NPD project (..) we assessed the paper handling function with a
group of persons. Including some team members and some external R&D seniors. That was
the moment we stated: the paper handling as developed will not work. We never get it
reliable. That was a bit of a culture shock” (Validator)
“Well how do we decide what is convenient? (..) What we do is we start asking
questions to those people who know more about what an operator knows; what he likes and
considers comfortable. That are persons as the validator, or of Océ Design” (Printer
architect)
“To be honest, I have an opinion about that [what is good enough]. But I doubt whether
that is a correct opinion (laughs). So I ask others what they think about it, listen to their
opinions (..). Or I ask persons who know nothing about the inside of the printer. (..) You
know, as a human person..I do it all day. I’m so deeply involved – I’m effectively blind.”
(Software engineer)
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This process of developing ORE and simultaneously establishing what standards need to be met,
sheds a different perspective on the social dimension of NPD. Buchiarelli argued that NPD is “a
process of achieving consensus among participants with different "interests" (..) that are not
reconcilable in object-world terms. There is no overriding perspective, method, science, or
technique” (Buchiarelli 1994: pg 159). This study shows that effectively there is an overriding
perspective, only it does not exist a priori. It is developed simultaneously with developing a
product. When team members encounter problems whereby the different interests are
articulated, the team experiences doubt. But in order to proceed they need to reconcile their
interests. By doing so they effectively develop the standards that the team needs to meet. When
the product is finished, not only distinct interests are balanced and reconciled. They are also
articulated, as many of these interests and the inherent tradeoffs only emerged by means of
doing things. Hence, what the overriding principle is in order to balance contradictory aims is
developed on the go: it is constituted and reconstituted in the many choices the developers
make daily. The list of requirements partly emerges as result of problems encountered and
decisions made.
“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” (Main mechanical engineer paper
handling)
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