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Introduction
The development of products and/or services often requires large, multidisciplinary teamsFout! Bladwijzer
niet gedefinieerd. in which specialists provide expertise, simultaneously. These specialists inside New
Product Development (NPD) teams often find it hard to understand each other, as they use different
jargon, have different views on the subject in question and deploy distinctive tools. This then leads to
boundary forming within the team.
One of the specialists is a designer, who focuses on the usability and experience of use of products.
Although there is a vast body of literature on NPD and on design, there is an absence of literature on
designers as actors in multidisciplinary teams.
In our studies, we found that designers have a boundary spanning capability, which is conceptualized as
'mirroring'. Designers continually translate technical choices to the realm of product and/or user by means
of expressive representations of the product. These representations are communicated in a language
understood by all and this enables the other specialists to reflect on their choices and those of others, i.e.
cross-disciplinary. We have named this ‘mirroring’, because the process of translation of technical choices
to consequences for product/user is like putting a mirror in front of the specialists, enabling them to
reflect. Yet designers are not explicitly assigned the role of boundary spanners; it is their practice that
enables them to span boundaries.
We describe two case studies where explicit mirroring process are shown to span complex boundaries, not
only between specialists but also between organizations. Awareness of the mirroring process as well as the
(visual) means deployed enhances boundary spanning. In this way, mirroring is a fruitful method for
enhancing innovation and collaboration in organizations and multi-disciplinary teams.

Challenge: complex boundaries in product development teams
Products like printers, cars, medical equipment, or ICT equipment are extremely complex and are not the
fruit of a ‘lone innovator’. These products require a wide range of specialized knowledge and know-how
that typically is distributed over many actors. In order to develop a unified and coherent product, a range
of specialists need to work together and integrate their knowledge: engineers, planners, physicists,
designers, and marketers. Yet, this collaboration is not simple.
Mostly, complexity is handled by disaggregating the product in separate parts and subsequently by
assigning tasks to specialists, enabling companies to make full use of their skills. A consequence of this
division of work is that it becomes difficult to maintain an overall view: who ensures that all the separate
activities are well-aligned? Or that, in time, an integrated product is created in which all parts fit seamlessly
without redundancy? Also, problems are seldom confined to one part of the product and are seldom
mono-disciplinary. While developing the product, team members encounter unexpected challenges that
require the combined expertise of several specialists. For example, the cooling of a product requires
electrical engineers to decide on fans; mechanical engineers to position these fans; software engineers to
provide the software; and designers to provide slots in the covers for the supply of air. But who needs to
act if some parts still run to hot, contrary to all expectations? These challenges often are the unforeseen
consequence of activities of several specialists together. To extend the example of the cooling problem: the
possible cause may a few additional parts, preventing the free flow of air. Thus, many problems in
multidisciplinary NPD can be named ‘in between’ problems, as these problems reside in and stem from the
combination of choices of specialists together. Resolving these problems requires specialists to 'think
collectively', as a team, which is called 'team cognition' (Salas & Fiore 2004; Stompff 2012).
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Figure 7.1 The inside of a production printer.
Such complex products are developed by large development teams composed of numerous specialists. Yet
the eventual product is a unified, integrated whole.

Boundaries
The word 'team' suggests a group that knows each other and work together well. However, in (large) multidisciplinary NPD teams , its members may find it hard to understand each other. Team members can
experience boundaries at any point in time: imaginary, felt demarcations between specialists, departments
or functional units. Across such boundaries team members find it hard to make sense of each other’s
messages, situations and challenges. For example, technology developers may find it hard to understand
the problems of production technicians, and vice versa. Boundaries hinder the free-flow of knowledge;
crippling fast, efficient and effective product development.
To explain the nature of a boundary, we have adopted a practice perspective. A ‘practice’ is a sociological
notion that broadly refers to what people do, including their activities; the tools and objects they deploy;
the language they use; how work is organized; how they learn; and their social identity. People that share
the same practice are part of communities of practice (Lave & Wenger 1991). Team members that have
distinct practices seem to be preoccupied with quite different topics. Everyone in an NPD team has their
own practice that is related to their specialism, including specific tools, vocabulary, prototypes, methods
and the like. Consider the easily observable differences between mechanical engineers; quality specialists;
production technicians; marketers and so on. It is known that within practices, knowledge is easily shared:
one software engineer can easily grasp and evaluate the work of another software engineer. The large
community of Linux developers is a good example, as complex applications are created by people who do
not know each other. However, sharing and spreading knowledge across practices is difficult. A mechanical
engineer, regardless of his experience, finds it hard to understand software code, just as a software
engineer finds it hard to grasp the work of mechanical engineers. Knowledge sticks to particular practices
(Carlile 2002) and practices inevitably result in troublesome boundaries. Specialists that have practices that
are different and hardly overlap often experience ‘serious’ boundaries.
There are several causes of boundaries between practices. First, the specialists may deploy such different
language and tools that team members simply do not understand each other. For example, the practice of
marketing is different to the world of R&D, thus explaining the well-known boundary between them. Even
if the team members are colocated, i.e., work at the same location, they find collaboration troublesome.
Second, a boundary may be caused by sub-teams at different locations. In this case, team members cannot
see each other and are not aware of what the others are up to. Sometimes these sub-teams are dispersed
across the globe. The team then is confronted with time-zones, different first languages and diverse
cultures. These are issues that co-located teams simply do not recognize. Third, organizational boundaries
may exist: parts of the product are developed by suppliers or by strategic partners. Different corporate
cultures, ICT-systems, planning tools et cetera do not favour smooth collaboration. These organizational
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boundaries may cause considerable problems as demonstrated by the case of the Boeing Dreamliner.
Fourth, there may be a transitional boundary to the downstream operational processes. The ramp-up of
the manufacturing activities need to be coordinated in parallel with the final NPD-activities. The aims and
scope of interest vary considerably between development and manufacturing.
Although global NPD has many benefits and is widely practiced, these boundaries are omnipresent. For
example, large chunks of development activities are outsourced to low cost regions. Vulnerable strategic
alliances are started between companies, whereby only top management communicate with each other.
Technology and ideas are bought to access and integrate specialized knowledge, also known as 'open
innovation' (Chesbrough 2003). In these NPD 'teams', the members lack a shared context; deploy disparate
methods and tools; and speak many different first languages. Effectively, the team members are a group of
strangers. This results in gaps to be bridged for effective and efficient collaboration and coordination. In
short: spanning boundaries is an important challenge for managing product development.

Method: mirroring
One of the specialists in NPD teams is a designer, a role that we will now focus on. In line with other
chapters in this book, we define design as devising products (tangible and intangible) in which human
needs, likings, tasks and particularities are placed centrally. Thus, a designer is a role inside an NPD team
that focuses on the product’s usability, experience of use, meaning attribution, and elicited emotions of
users. This chapter shows some of the insights of our research activities on designers in the NPD practice.
We found that designers have specific boundary spanning capabilities inside NPD teams. Put more
precisely: the practice of designers is a boundary spanning practice. We have called this boundary spanning
'mirroring'. In order to explain the concept, we first use an example to show how constructing a joint
practice enables boundary spanning in general.

Joint practice
Regardless of the boundaries, specialists inside an NPD team need to align and coordinate their activities
into a unified whole: the product. Yet nobody can truly oversee every aspect. Thus, each specialist must
know or find out how their work is related to the work of others. People establish and learn about these
relations by means of their joint practice, the practice that represents what team members do together. All
practices are situated in the same world and partly overlap. For example, building, working and discussing
on an integrated prototype with all disciplines involved, is a joint practice. While integrating their work into
the prototype, the specialists involved learn swiftly what 'works' and what does not. For example, although
a mechanical engineer may not understand software code, he has no problem in understanding a
malfunctioning prototype and sensing there is something wrong with a new software release. The
prototype is part of all practices, and thus part of the joint practice.
The word ‘joint’ has been chosen deliberately, as opposed to 'common'. The prototype is not a pre-existing
object. Rather it is an object resulting from joining all the separate pieces of work of team members into a
whole. This joining of the pieces is not done by an ‘all-overseeing’ team member. Rather, it is done by team
members themselves as each team member dynamically adapts their activities to those of others. Even
though each team member contributes by means of their specific knowledge, they take the aims and
activities of others into account. Stated differently: the specialist fits activities mindfully into the activities
of others: carefully, critically, consistently, purposefully and attentively. The activities of team members
interlock, and a joint practice is constructed. Note the that joint practice both guides individuals to fit their
activities into a whole, and is a result of the fitting together of all activities.
Joint practice does not concern what someone thinks, as that is unobservable by others. It concerns things
that can be observed by all. Several ingredients can be named that constitute effective collaboration across
practices:
 Boundary objects
In NPD practice many objects are used: prototypes, photos; CAD models; maps; reports; emails and
so on. An objects should be considered in a wide perspective as long as people can note it, point to
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it, or refer to it. If these objects are used by different specialists, they are called boundary objects
(Star & Griesemer 1989). That does not imply that these objects have the same meaning for all
involved; often these are interpreted differently by each specialist. These objects are ‘plastic’
enough to adapt for use and interpretation in distinctive practices; yet robust enough to maintain a
common identity across practices. For example, a prototype is a boundary object because it is part
of all practices. Yet each specialist has distinctive activities in relation to the prototype.
Shared vocabulary
In teams it is not hard to find specific words that are deployed by all actors involved, for example
'toothbrush'. This may refer to a part in the prototype that has nothing to do with brushing teeth,
but includes a problem nobody understands. Yet, everybody knows what it refers to and this
enables discussions on it.
Boundary events
Some events can be witnessed and experienced by many team members, such as assembling and
testing a prototype. If it suddenly breaks down, it is an extremely meaningful event for all involved.
In line with boundary objects, we have called these boundary events.
Boundary spanning roles
In teams there are people and/or roles with whom everybody interacts, such as a project leader. In
the literature these are referred to as boundary spanning roles. This element has received the most
attention of all the above-mentioned ingredients.

A model of joint practice is shown in Figure 7.2, with two sub-teams, e.g. engineers and production
technicians. Within these teams the actors communicate. However, between these two teams hardly
communication can be observed. In the middle, the joint practice of two sub-teams is depicted, including
the ingredients that enable boundary-spanning. These distinct disciplines perform their own activities and
subsequently produce specific objects as a result of these activities. If these activities or objects are
observable by all, they can be interpreted by other disciplines for their consequences. Some of the
activities or objects become part of the joint practice, as these are meaningful for all team members. Put
differently, these activities or objects constitute the practice of many team members. Joint practice 'sits'
amidst the team members, and can be observed and interpreted by all. It enables the team members of
both sub-teams to align and coordinate their activities, despite the boundary.

Figure 7.2 The ingredients of joint practice
It shows two sub-teams in between a boundary exists. Amidst them is a joint practice, enabling to align
activities. An explanation is provided in the text.

What the literature refers to as a boundary object can vary considerably, varying from a sketch to a
prototype. Tangible 3D boundary objects seem to be a class on their own, considering the boundary
spanning capabilities for NPD teams. Above all the interactions of team members with these (often full size)
objects enables the spanning of difficult boundaries, and interactions must be considered quite literally.
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Team members smell motors that run hot, and thus realize that the cooling fans are not working
appropriately. They have prototypes on their desks to ‘feel’ if mechanical parts are working well. They hear
parts break while doing tests, halting all activities to limit damage. They get new cross-disciplinary ideas as
a result of sore knees (see Figure 7.3).
Thinking is also incited by bodily experiences, and these are relatively the same for all involved. Everybody
gets sore knees after sitting on them for some time: our human bodies provide universal experiences.
These bodily experiences as a result of interacting with tangible objects are pivotal for multi-disciplinary
teams: despite the fact that boundaries exist, the experiences team members have with objects are
relatively the same. These experiences provide a common ground for spanning the disciplinary boundaries.
It is easily possible to disagree on an abstract requirement, but not on the feeling of sore knees whilst using
a product.

Figure 7.3 Bodily experiences as a common ground
The team members in a meeting interacted heavily with a prototype in order to evaluate some problems. They
collectively experienced knees, laying bare a problem everybody overlooked: that users won't sit on their
knees.

Mirroring
Designers make a specific contribution to the joint practice in teams. As defined before, the role of designer
focuses on usability and user experience. Consequently, designers will frame any topic they encounter as
user-centred and ‘outside-in’. With outside-in, we mean that designers zoom out from local problems to
the level of the product as a whole. They continuously translate what they see and/or discuss into the
realm of the eventual product, how it will be used and how it will be experienced. For example, if a
problem is discovered with a part that runs too hot, designers will discuss the consequences for a user: 'is it
safe to touch the environment, or will people be startled?' Possible solutions are also discussed from a user
perspective: 'if we put cooling fans and ventilation slots over here, the user will experience streaming hot
air'.
In this way, designers are capable of expressing what they conceive by means of easy to grasp
representations of what the product will be. Designers, for example, sketch what a product may look like,
enabling others to 'get the picture' as well. Designers may create tangible models that people can feel,
hold, walk around, or sit on, providing a rich source of bodily experiences. Just consider models of concept
cars at shows that enable everybody to immediately grasp and interpret what the concept is about. Or
designers may produce demonstrators of user interfaces of a software program, enabling others to 'play
around' and learn what the (final) product is about.
The point being made is that designers 'speak' a language that is understood by all, including specialists
who may have a hard time understanding each other. Everybody, in a way, is a user and 'understands' a
(final) product. As designers more or less translate technical choices into the realm of product and user, the
artefacts of their work are easily understandable by all, regardless whether one is a developer of core
technology, a marketer or a production technician. This provides a 'common ground' for all. All specialists
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can understand the consequences of technical choices of other specialists once these choices are
translated to the realm of the product/user, see Figure 7.4. Thus, the artefacts of designers become part of
the joint practice of the team. Project descriptions include vivid images of the intended product.
Presentations to stakeholders include visits to models of products. Software developers discuss potential
scenarios by means of use cases and sketches of interface screens.

Figure 7.4 Mirroring: translating technical choices into the realm of product and user. It enables specialists to
learn about the consequences of their collective work on the product and vice versa.

The boundary spanning capability of designers is called 'mirroring', because the translation of technical
choices to the realm of product/user is like holding a mirror in front of the specialists. A mirror that shows
the consequences of technical choices and enables reflection on these choices, across the boundaries of
the specialists involved. It provides a solution for a fundamental problem in NPD: the final product is more
or less unknown, certainly during the early stages of development. Still, each team member needs to
'know' sufficiently what the product that they are working on ‘is’, as it shapes their development choices.
How can team members know what the team intends, until they see what they create?
Many have attempted to solve this question by means of developing extensive lists of requirements.
Unfortunately, relations between requirements are often misty, leaving ample space for interpretation.
Thus, other means are needed so that specialists can envision the intended product and commit
themselves. The designer’s artefacts are communicative and can be grasped by anyone. These are means
that span boundaries, even if team members speak distinct languages. Means that are often expressive,
compelling, coherent, elegant, and unified. It is as close as one can get to experiencing the actual product.
For example, experiencing a demonstrator of a user interface of a new software application is a far more
powerful means of learning about the future product than a list of requirements.
In early phases of an NPD project, designers produce objects that show what the product might be, in a
language that is immediately understood by others. Interestingly, only these designer artefacts are tangible
and a visual representations of the product in these early phases. These are a valuable addition to the
prevailing requirements and project definitions, for example for other stakeholders. For instance, designers
create 'paper prototypes' to get a feel of dimensions, enabling others to get a feel as well. In Figure 7.5
below, some examples of these early designer interpretations are shown. These are tangible objects that
can be experienced by all, or representations that people can easily grasp and reflect on. An interviewed
project leader explained it well, “We are still learning what the project is about. (..) 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”.
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Although these representations express the intended product, they should provide a macro view on what
the product is about. The product is represented loosely and appealingly, capturing the essence rather than
the details. In the early stage of an NPD project, not too much time should be spent on all sorts of details.
For example, it was found that sometimes hand drawn sketches of the product serve teams better than
photorealistic renders. The sketches seem crude, but correctly depict what was agreed on and are
sufficiently to-the-point to ‘get the picture’. Weick called this the charm of the skeleton, arguing that “there
is a sense that unfinished designs have more vitality than do finished designs” (Weick 2004: p.43).
The above may suggest that mirroring is an activity prior to other development activities, namely drafting a
vision that subsequently is 'executed'. It is an assumption that is also popular among designers. However, it
has been observed that mirroring is a process parallel to other development activities in multidisciplinary
teams. As nobody truly oversees all, many surprises are encounterFXEed: unexpected technical problems
emerge; new products are launched by competitors; legislation changes; strategies are adapted; or simply
new exciting ideas are born. Consequently, what the product will be is also constantly adapted to the latest
insights. These 'designerly' representations of the product are a team effort, a result of ongoing
interactions between designers and others. In time the representations become a genuine mirror, a mirror
that shows the whole, rather than the parts. Mirroring should be conceived as a process of continuously
redrafting what the product will be, in increasing levels of detail.

Figure 7.5 Some objects developed by designers in the infancy of NPD projects.
Despite it are merely three dimensional drafts, all the objects were paid considerable attention by other team
members and management, as these were early depictions of the product.

The boundary spanning practice of design
Mirroring hinges on the abilities of designers to (1) frame any problem ‘user-centred and outside-in’ and (2)
to express their interpretation well by means of compelling representations. Intriguingly, in the literature
and also in the cases presented below, a designer is seldom named as a boundary spanning role (the only
exceptions are Hargadon & Sutton, 1997 and Perks et al, 2005). A liaison role is generally associated with
e.g. project leaders, account managers or managers of functional departments. Also in design textbooks or
journals, teams and boundaries are never mentioned, let alone boundary spanning. Put differently:
designers are unaware of their boundary spanning capabilities and have no formal assignment to span
boundaries.
An explanation is that it is not the designers themselves who facilitate boundary spanning in organizations,
but the practice of designers enables this: the practice of translating technical choices into product
proposals by means of sketches; the practice of making models and demonstrators that can be interacted
with; the practice of 'talking products and users'. We believe that a more structured process of mirroring
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might help organizations to span challenging cultural and/or organizational boundaries mentioned earlier.
This insight led to several experiments at the R&D of Océ Technologies (Stompff 2012), a major provider of
printing systems for professionals, and nowadays part of the Canon Group. Two cases are described below.
The first concerns spanning an inter-disciplinary boundary: specialist found it hard to align their activities
on a difficult topic, even though they were colocated. The second case concerns an inter-organizational
boundary: two organizations that hardly knew each other and where different first languages were a
serious issue.

Case 1: spanning inter-disciplinary boundaries
Printers are complex technological products and still break down every now and then, requiring
interventions by the users. These interventions are called ORE (Operator Recoverable Error). The problem
of developing adequate ORE for NPD teams at Océ is that there are hundreds of possible errors, incited by
technological failure, environmental conditions, or human errors. Each of these possibilities must be
conceived beforehand, assessed for its potential implications and a cross-disciplinary scenario developed
for solving it, including activities of an (unpredictable) operator. Consequently, the team of developers
involved with ORE needed to 'think collectively' and collaborate closely in order to develop ORE.

A boundary between specialists
A serious boundary was identified between the hard and software specialists. In interviews, team members
discussed their work and the relations with others. As many team members were interviewed, each with
their own distinctive network, it was possible to map the work-relations inside the team. Team members
involved with hardware, like mechanical engineers, mainly mentioned other hardware related specialists.
Likewise, team members developing software mainly were involved with other software related specialists.
Across this boundary there was little discussion on interaction, even though the team members were colocated. For example, the team members found it hard to recall the names of others across the boundary.
They could not explain what the others did, let alone when to involve the other. They deployed different
prototypes for testing, and they even used a subtle yet different kind of language. Whereas hardware
related engineers refer to a "wobbly part" and an "emergency brake ", software engineers tend to discuss
more abstract "error code 6639" (= the wobbly part) and "halting behaviour" (=emergency brake).
This boundary is visualized in Figure 7.6, by means of a 'paper path' in a printer. On the left, the practice of
mechanical engineering is represented by a prototype showing the printer-chassis, with parts, paperguides, motors and the like. Mechanical engineers cannot do anything without CAD and prototypes that are
often built and tested by themselves. They are concerned about robustness, cost and tolerances. On the
right, the practice of software engineering is shown by means of a schematic depiction of the same paper
path. It shows distinct sensors and motors by means of their 'software' names and is used to describe
behaviour as: "IF PAPHXLSYNSE IS LATE, THEN..". Software engineers read code as it if is a newspaper, are
concerned about 'bugs', and plan activities by means of 'releases'. The mechanical engineers and software
engineers had entirely distinct practices, to the extent that, although they were co-located, they hardly
mixed socially.
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Figure 7.6 Three representations of the practices of hardware (left), software (right) and design (top) The
practices of hard and software differed considerably, disabling coordination and alignment. The boundary was
spanned by means of the practice of design, the world of users interacting with a product.

Mapping complex relations via the world of product/user
In the case described above, the boundary was spanned, among others, by means of the activities of
designers. This can be best seen in an analysis of the interviews, as designers were named by all specialists,
and even quite evenly distributed. Yet the designers had no formal boundary spanning role: it was the
practice of designers that enabled the team to span the difficult boundary, as the designers continuously
mirrored the activities of both hard and software. How was this mirroring done?
Talking products and user
The designers tended to 'talk products and users' for any topic they were involved in i.e., user-centred and
outside-in. For example, in a team meeting that was analysed and in which many specialists participated,
we observed that nearly half of the things that were said by designers were related to user and usability.
This contrasted sharply to other specialists, who much less tended to discuss user or usability, if ever. In the
meeting, the designers continuously translated what they saw or heard into the realm of the eventual
product, how it will be used and how it will be experienced. Even when a electro-motor is discussed, they
discuss how a user will experience the sound. The impact on meetings is that 'talking products and users'
enabled all involved to discuss cross-disciplinary problems and solutions, and to reflect on these across and
within their specialisms.
Developing a joint representational space
A typical problem of ORE is that it concerns a sequence of activities of product and user together.
Developing ORE is like designing a choreography for the user and product. However, for this choreography,
no representational space exists that includes the physical, static world of steel and plastic; the invisible
world of system behaviour; and the human world of operators. Let alone a 'sketchy' representational space
that enables proposals to be quickly put forward to allow reflection. A specific 'map' was developed for
ORE, starting from the world of product/user (see Figure 7.7). It shows an overview of the sequence of user
activities and the relations with hard and software. Alternatives could easily be sketched and quickly
evaluated. It was possible to map the error codes of software on the same map, just as it was possible to
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co-develop the user -accessible areas being developed by the mechanical engineers. Most importantly:
specialists could reflect on the cross-disciplinary consequences of technical choices. If a mechanical
engineer needed to adapt a part, the consequence for the user and subsequently for the software could be
instilled easily. Eventually it resulted in a jointly developed sequence, depicting in one visual all the possible
error scenarios and activities that operators had to perform. The map turned ORE into a coherent and
unified whole, integrating the work of several specialists.

Figure 7.7 The map developed for the recovery of paper jams. It shows the relations between the world of
hardware, the world of software and the world of users. It enabled translation of the consequences of a
technical change into the realm of product and user.

Role play
Team members experiencing a multi-disciplinary problems conducted small role plays using prototypes or
other representations. Step-by-step, the team members explained what the user was expected to do and
how, as a result of technical choices. The other way round, by exploring the consequences for the user,
many technical choices were (radically) adapted. Designers played a pivotal role in this role play, by means
of their skill of instantly translating the consequences of technical choices for the user.

Case 2: spanning inter-organizational boundaries
The second case concerns spanning an organizational boundary. The problem is no longer the lack of joint
practice between highly specialized disciplines, but simply that the members are spatially, temporarily and
culturally separated. This case shows that the process of mirroring can be extended to management.

Eliciting a product story
Just before starting customer trials of a large NPD project, Canon acquired Océ in 2010. As a result, an
important partner withdrew from the co-development, effectively crippling the NPD project. A small team,
including two designers, was assigned with one goal only: convince Canon that the NPD project should
continue, and how Canon subsidiaries could fill the gap. Stakes were high as, without this commitment, the
(large) NPD project would end: trashing a huge investment. Time was limited to three weeks, and all
possible means were available. A so-called product story was developed: a plausible and coherent narrative
explaining what the product will be, charging it emotionally and persuasively. At Océ, a product story
rationalizes what the project is about, serving as the go-between with the team that develops the product
and other stakeholders, e.g., in business units or manufacturing.
Eliciting a product story involves articulating, sharing and synthesizing knowledge that is dispersed across
R&D, marketing and other departments into a unified whole. The process was divided into two steps. First
few workshops were conducted to make sense of the main benefits of the product at hand. It resulted in a
captivating small story of what the project was about. Second, much time was spent on developing
representations to show the product story in a compelling way. Due to language differences, visual means
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were considered pivotal, and included movies, animations and compelling imagery (see Figure 7.8). Even
though time was limited, a convincing story was created. The negotiations were successful, developments
could continue and the product was launched in September 2011 (Océ VarioPrint DP line) as the first codeveloped product with Canon.

Figure 7.8 Four examples of visualizing a product story
To span a troublesome organizational boundary, a highly visual product story was developed. It included (1)
movie, (2) animations, (3) photo-realistic renders and (4) overviews. Note the reliance on visual rather than
textual information and how showing people provides a sense of dimensions.

The art of mirroring
Quintessentially, this case describes a mirroring process: the team explored what the product might be
from a user/customer perspective and expressed it persuasively using visual means. They deliberately
showed people, even in technical overviews, so that others would get a feel of the dimensions and see the
project from a user perspective. However, they did not only develop merely detailed representations of the
product. They created representations of the product story, including explanations of technology and
showing the business case. Below three reflections are discussed.
Developing a story in hindsight
Why was a product story necessary, even though the project was nearly finalized? Could the team not show
and tell what they were developing? To start with, the situation included many question marks and new
information, leading to ambiguity. The partner that withdrew confronted the team with many white spots
in the product and many unanswered questions. Also, the team had to extrapolate what others could
possibly contribute. The knowledge that was needed to make sense of the situation was inevitably
dispersed among team members. For example, senior management knew about the newly established
relations with Canon; marketers had the latest market information, and the technical developers knew
what the actual state of affairs was of the project. To develop a new, coherent and plausible story, making
sense of this information as a team, was the first step that needed to be done.
The means are the story
Another learning-point is that the message conveyed cannot be seen, apart from the medium chosen. The
choice of how to represent the intended product is not arbitrary at all. A carefully composed list of
'objective' requirements often leads to long negotiations on details whereby the 'big picture' is lost. A
spreadsheet showing potential profits may lead to a focus on cost and profits only, rather than what the
product is. An impressive technology demonstration may lead to overly optimistic planning. A beautifully
crafted 1:1 model possibly makes stakeholders 'fall in love', blinding them to issues like cost.
Thus, the means chosen to 'tell a story' is a decisive choice to frame the topic at hand in a specific way. All
media have their own specific properties that enable expression, highlighting how the product should be
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interpreted. It requires skills to express the product, and it requires sensitivity to the means deployed to
know what representation fits the situational context. It puts the focus on matters like wholeness, elegance
and aesthetics.
Visual means are not simply a way to capture and tell a story, such as compelling movies, smart animations
or a great photo. Visualizing cannot be done subsequent to composing a story, as a means to illustrate the
outcome. Instead, developing the visual means constituting the process of composing product stories
themselves. Visualizations are not the illustrations of an outcome of a process: visualizing is the process of
making a story itself.
The need to ‘talk visuals’
Visualization is important for NPD teams and even gains importance for teams that are composed of subteams spread across the world and/or belong to distinct organizations. It may come as no surprise that
more communication is needed in these teams, and that language differences are omnipresent. However,
visualization is not merely about translating and communicating ideas and problems. Rather, it constitutes
joint practice that enables sub-teams to align activities, even beyond what the visuals are about.
Visualizations partly replace tangible prototypes that team members can gather around, mitigating the
imposed burden of not seeing and experiencing what others are doing.

Benefits and limitations
Designers, as team members of multi-disciplinary teams, seem to be largely overlooked. There is a vast
body on literature on NPD and/or innovation, but “design has been largely absent from theory, teaching,
textbooks, and research” (Hobday et al. 2011: p.5). Intriguingly, this is no different the other way round. In
the popular magazines, books, and scientific publications on 'design', multidisciplinary teams are often
missing. This chapter has discussed the contribution of designers to organizations when they are part of
teams, and provides some new insights:
The first insight is that the practice of designers is a boundary spanning practice for NPD teams where
troublesome boundaries exist. This is conceptualized as mirroring. This can be briefly explained as an
ongoing translation of what the team does, into representations of the product that are easily grasped by
all involved. This enables the team members to reflect on cross disciplinary issues. Although designers
mainly focus on usability and experience of a product, experiments show that it is possible to leverage this
capability to a strategic level.
Secondly, the studies provides some practice-based insights on 'design thinking'. This popular concept
seems to be suffering from a crises, as several schools of thought exist and there is a problem providing a
concise vocabulary and theory. Most writers focus on understanding how designers think and do, with the
aim of educating others to become a design thinker. Mirroring first of all shifts the focus from what
designers do and think, to the contribution of designers interacting with others. Rather than discussing how
others can learn to think as a designer, the concept of mirroring discusses how teams benefit from
interacting with a designer. Mirroring also highlights the practice of design, including aesthetic visuals and
tangible models; the way how designers talk about products and users; and the characteristic outside -in
orientation to problems.
A limitation of the method is undoubtedly that the image in the mirror of design is by no means neutral. It
inevitably includes the aims of designers, overemphasizing issues like usability or aesthetics. This can aptly
be named the ‘concept car fallacy’. For example, an extremely appealing design study may lure teams into
developing a product in which the balance tips over to ‘designerly’ aims. An interviewed project leader at
Océ mused that, "this artist’s impression gave half the business unit a wrong impression about what they
could expect. I suspect that some of them framed it in and stuck it on the wall above their beds (..).Now we
have to manage expectations somewhat. Maybe less flashy images would have helped in this stage.” The
implication is that designers need to become aware of way they shape the mirror.
Another limitation is that our focus has been oriented towards designers. It remains uncertain whether
other roles could have a similar mirroring capabilities, for examples project leaders or product managers, or
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whether the concept of mirroring can be translated to methods that can be taught to others. Put
differently, it is unknown whether mirroring can only be attributed to the design profession.

Key insights






Designers who are part of multidisciplinary NPD teams have an additional contribution beyond the
aims of design. The practice of designers spans complex boundaries in teams.
The boundary spanning capability is conceptualized as 'mirroring': interpreting and translating what
the teams does into expressive representations of the product that are easily grasped by all
involved. This enables others to cross-disciplinary reflect on their choices.
Mirroring should be conceived as an ongoing process of redrafting what the product will be, rather
than visualizing a concept that needs to be executed.
The means deployed to visualize strongly, shapes subsequent discussions, and thus one needs to be
aware of the means deployed.
Designers seem to be unaware of their mirroring capability. Yet it may require a somewhat
different approach to their work.

How to continue?
Mirroring is an new concept. It doesn't focus on what designers do or on design methods as such, but on
designers as actors in teams. This hardly has been studied, and consequently, not much literature is
available yet. The list below provides insightful articles and/or books that discuss interacting designers .
Boland RJ Jr., Collopy F, Lyytinen K & Younjin Y (2008), Managing as Designing: Lessons for Organization
Leaders from the Design Practice of Frank O. Gehry. Design issues, 24 (1), pp.10–25.
Boland JR & Collopy F (2004, Eds.), Managing as Designing (pp 193-197), Stanford Business books (USA).
Hargadon A & Sutton RI (1997), Technology Brokering and Innovation in a Product Development Firm.
Administrative Science Quarterly, 42 (4) pp.716-749.
Perks H, Cooper R & Jones C (2005), Characterizing the Role of Design in New Product Development: An
Empirically Derived Taxonomy. Journal of Product Innovation Management, 22 (2) pp.111-127.
Stompff G (2012), Facilitating Team Cognition. How designers mirror what teams do. PhD thesis, Delft
University of Technology.
Other references made in this chapter are mentioned below.
Carlile PR (2002), A Pragmatic View of Knowledge and Boundaries: Boundary Objects in New Product
Development. Organization Science, 13 (4) pp. 442-455.
Lave J & Wenger E (1991), Situated Learning: Legitimate Peripheral Participation. Cambridge University
Press (UK).
Salas E & Fiore SM (Eds.), Team cognition. Understanding the factors that drive process and performance.
American Psychological Association (USA).
Weick KE (1995), Sensemaking in organizations. Sage (USA).
Boundaries spanning, 3
Boundary spanning practice of design, 7
Charm of the skeleton, 7
Design, 3
Outside-in framing, 5
User-centred framing, 5
Joint practice
Bodily experiences as common ground, 5
Boundary events, 4
Boundary objects, 4
Boundary spanning roles, 4
Shared vocabulary, 4
Mirroring, 6
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Art of mirroring, 11
Develop a joint representational space, 9
Elicit product story, 10
Express representations of product, 5
Express the intended product, 7
Talk products and user, 9
Talk visuals, 12
Translate technical choices to intended product, 5
New Product Development, 1
Boundaries, 2
Boundaries in NPD, 2
Global NPD, 3
Multidisciplinary teams, 2
Practice, 2
Product story, 10
'Team cognition, 1
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