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Abstract
The concept development stage is a fundamental part of the development process; in
this early stage, teams define what constitutes the problem and find direction for the
subsequent problem-solving activities. Concept development that searches for
innovative results starts from a problem formulation, or design brief, that should not be
too precise; keeping parts open for interpretation and alternatives is important for
allowing for the possibility to create new solutions. However, handling such openended development problems is a challenge as they do not point to a specific solution
from the start. The difficulties that the development team encounters in order to find a
way forward are the focus of this thesis. Thus, the purpose of this thesis is to identify,
describe and discuss how teams explore and define open-ended problems in concept
development.
Fundamentally, teams have to explore and define open-ended problems in order to
retrieve answers needed to undertake purposeful actions. The exploration and
definition procedure creates stepwise understanding of sub-problems as open-ended
problems typically have interdependencies. This implies that the team must suggest a
number of representations before they can propose corresponding alternative solutions.
The failure to adopt such a procedure leads to a risk of fixation and prematurely closing
the definition of what constitutes the core issues of the design problem. This study
specifically shows that confronting the design brief or task is an essential activity in the
resolution of open-ended problems. Moreover, a number of practical steps for
iteratively managing open-ended problem resolution are proposed.
The study in this thesis is based on an explorative approach utilising experiments and
observations as methods for data collection. The empirical data come from a workshop
format (i.e., an innovation contest), teams on student projects and, to some extent,
companies. The contribution from this thesis to engineering design relates mainly to
the social and participatory aspects of innovation in concept development. The
contribution to practice is mainly the formulation of iterative steps; these could be
applicable to different types of open-ended problem resolution. One additional area of
application may be a more modern type of product development in the manufacturing
industry — namely, where product logics and service logics are interlinked.
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Introduction

This first chapter presents the context and background to the research problem. It covers the
important factors of the concept development stage and introduces open-ended problems. This
chapter also presents the purpose of this research and aids in clarifying the delimitations and the
applicability of the work.

1.1

Challenges in contemporary concept development

Concept development refers to the team’s activities to explore and define the product
specification for a solution (e.g., Pahl, Beitz, Feldhusen & Grote, 2007). In engineering
design, the information in the design brief is commonly captured in market analysis and
later handed over to the development team (Ullman, 2003). Yet it has long been
argued that engineers — or, more exactly, those that should develop the solution —
have to be involved in defining the design challenge to better understand users or
customers, thereby fulfilling their expectations more precisely (Faste, 1987). A better
understanding would then imply a more appropriate problem formulation and hence
also a better solution.
More recently, the manufacturing industry has extended its concepts and solutions
towards, for example, delivering functionality and providing servitization of their
products, which requires applying a service mind-set in the development activities (e.g.,
Mont, 2002). The fact that early stages, such as concept development, set the
conditions for the type of outcome is well established in product development (Hein &
Andreasen, 1987). While incorporating a service mind-set in development creates a gap
in procedures for product centric companies, the transition in manufacturing industry
includes a need for improved innovation strategies. Thus, the design brief in such
context usually provides a basis for either evolutionary innovation activities or radical
innovation activities (Jacoby & Rodrigues, 2007; Ericson, 2007). Still much depends
upon the path taken by the design team as they interpret what they will develop, who
will use it, and where it will be used (Randall, Harper & Rouncefield, 2007).
The concept development is from a management perspective, referred to as the fuzzy
front end (Khurana & Rosenthal, 1997), because the problem-solvers, the engineers or
simply any persons that should develop the solution need to have the ability to manage
ambiguity and ill-structured situations. These challenges have also been captured under
other related concepts, such as wicked problems (Rittel & Webber, 1973), ill-defined
problems (Cross, 2008) and complex problems (Snowden, 2002). This thesis refers to
these concepts as open-ended development problems as they typically have the
characteristics of being incomplete and contradictory and denote resistance to
resolution (Rittel & Webber, 1973). A key to success in the problem-solving activities
1
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is to express the problem (i.e., formulate a sound interpretation of it) and
simultaneously see a solution to that interpretation (Rittel & Webber, 1973).
This intertwined procedure of open-ended problems is challenging, as it is not clear
where to start and where the ending point would be. Yet, on the other hand, it also
opens the opportunity for innovations. In this regard, the design brief sets a level of
innovativeness (Steiner & Leifer, 2012; Crilly, 2015), but it should not be too
structured or bounded as it then reduces the likelihood for innovation (Ulrich &
Eppinger, 2012). The resolution of open-ended problems thus relies on how it is
managed by the team. Simply, finding the right problem to solve becomes important in
innovation, and solving it appropriately relates to subsequent product development
activities. To create such an understanding of open-ended problems, teams should pay
attention to the activities related to exploring and defining, which they need to do in
an iterative process (Liu, Chakrabarti & Bligh, 2003; Dym, Agogino, Eris, Frey &
Leifer, 2005; Dow & Klemmer, 2010). Patnaik and Becker (1999) suggested a similar
approach to really understand what to develop and to avoid the risks of jumping into
conclusions too quickly.
Iterations create possibilities for perspective changes — that is, seeing the problem at
hand from another angle, which is essential for innovativeness. Iterations also create
stepwise understanding and improved interpretations of open-ended problems.
Iterations are, however, a grand challenge for teams in concept development. Iterations
describe, and may be perceived as, backward movements. This is not what a team
would suggest as a natural process to be effective, especially if the concept development
logics are conventional (e.g., decrease information and “lock-on-target” as soon as
possible). Such an approach is effective for mass production and product development,
yet it becomes a barrier for finding new solutions to previously unknown needs.
Iterations to understand how to solve features for products occur naturally, at least in an
engineering context. The challenge for innovation is to iterate as well as improve the
understanding of the problem at hand, which means finding the right problem to solve,
not only taking the starting and ending position for granted. Thus this thesis looks upon
development seeking new solutions.

1.2

Research purpose

Typically, the success of developing products (no matter if they are artefacts or services
or combinations thereof) depends on finding good answers to three questions (adapted
from Blessing & Chakrabarti, 2009): What do we mean by successful? How do we
create that successful outcome? What procedures are needed to become successful?
Certainly, there are many questions developers need to investigate. Thus, they have to
start envision things about the solution, what it should do, and who should use it
(Randall et al., 2007). In other words, the design dilemma in concept development is
actually to understand the fundamental problem at hand.
Thus, the development activities rely on the team’s simultaneous management of both
explorations and definitions of the open-ended problem. Embedded in such description
is the assumption that how open-ended development problems are managed depends
2
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on the team’s interpretations of what constitutes the actual problem. Consequently, the
team jumping to a conclusion has a direct impact on the novelty of the outcome.
Understanding how teams approach and manage open-ended development problems in
concept development seems an important topic to contribute to innovation in
engineering design. This topic has been the focus of research in engineering design
(e.g., Stempfle & Badke-Schaub, 2002; Stumpf & McDonnel, 2002; Hey, Joyce &
Beckman, 2007), yet limited studies have been conducted based on the requirements of
introducing radical innovation into concept development.
Therefore, the purpose of this thesis is:
to identify, describe and discuss how teams explore and define open-ended problems
in concept development.

1.3

Delimitations

Wicked problems are similar to what I have chosen to call open-ended problems in this
thesis. As far as I understand, they are not always equivalent concepts; however, in this
thesis I use the term open-ended problems to denote that, for example, (1) the design
problem is incomplete, contradictory and challenging to recognise; (2) it has a
characteristic of resistance to determination; and (3) it has interdependencies between
its sub-parts and the whole (Rittel & Webber, 1973). Thus, a delimitation of this study
is that I have chosen to address certain aspects of open-ended problems while omitting,
for example, how to formulate such problems in a design brief.
Another delimitation of this thesis is related to teams and team composition.
Typically, a heterogeneous composition is promoted for innovation (Surowiecki,
2005). In this thesis, the reference to teams denotes a group of people that I have
studied. I have not had the possibility to design the composition of the teams according
to any dream team for innovation. Yet, from discussions with company representatives,
I know that such opportunity rarely occurs in real innovation projects. The important
feature of teams here is instead the collaborative efforts in concept development. I have
used supports in two cases; teamology (Teamology, 2016) and Motivated Strategies for
Learning Questionnaire (Pintrich, Marx, & Boyle, 1993). They provided means to
create effective teams and teams based on similar orientation. A delimitation of the
studies can be related to the use of student teams, but this is also, as I have encountered,
an opportunity to address innovative idea and concept development in advance.
Studying industrial cases often means signing non-disclosure agreements, as such
activities are direct intellectual properties. This is also the case with the client-requested
workshop that I studied. Therefore, a delimitation of some parts of my data is that it is
classified (e.g., type of product and context).

3
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1.4

Outline

This compilation thesis comprises a summarising section containing six chapters that
clarify the research in the five appended articles. This first chapter introduced the
background to the research, the research gap and the purpose.
Chapter Two presents the theoretical background and the areas of concern for this
thesis. Theoretical findings are presented and discussed in relation to central theoretical
constructs.
Chapter Three introduces the methodology for how this explorative research has been
conducted in relation to the research environment. It includes the research strategy and
methods used for data collection and analysis as well as an attempt to account for
transparency.
Chapter Four presents the five appended academic articles and summarises their
content and results in relation to this thesis.
Chapter Five summarises the result of this thesis and discusses it in relation to the
theoretical findings. Finally,
Chapter Six contains the conclusions of this research together with the practical
implications and suggestions for future research.

4
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2

Theoretical background

This chapter describes the theoretical findings and presents key concepts for the thesis. The chapter
provides a perspective of the thesis as well as a frame of reference for the subsequent discussion.

2.1

Concept development

Concept development includes the activities that embark from a design brief — that is,
a description of what to do but not how to do it (c.f. business case). The activities are
to identify needs, establish target specifications, and subsequently generate, select, test,
and decide upon one product concept. The activities of benchmarking, building and
testing prototypes are reoccurring tasks for the design team; thus, several product
concepts are addressed before setting the candidate alternative (Ulrich & Eppinger,
2012). During the concept development activities, both the problem to be solved and
the solution to that problem are determined. The importance of accuracy in these
activities has been emphasised in the product development literature (e.g., Andreasen &
Hein, 1987; Cooper, 1998; Ulrich & Eppinger, 2012), but is seen as the core
opportunity in innovation literature (Brown, 2009; Kelley, 2001). It is recommended
that firms pay attention to the desired outcome — namely, incremental or radical
innovation — and, hence, handle for example constraints differently in those two
processes (Onarheim, 2012). Independent of an innovative outcome or not, it is
advantageous to favour a broad and explorative concept development stage, such as by
conducting a large number of investigated concepts (Yang, 2008; Liu, Chakrabarti &
Bligh, 2003).
Herbert Simon and Donald Schön are considered to be the frontline figures for two
different strands in design theory (Edeholt, 2004; Stumpf & McDonnel, 2002). A
technical rationality (Simon, 1996) can be seen as an extension of natural science,
where objectivity, impartiality and measurable facts are given importance. A reflective
practitioner (Schön, 1983) introduces social aspects to design theory; instead of a logical
chain of reasoning, this strand suggests that understanding is created through the
interactions among team members and the context for the problem at hand.
As a result, teams must handle a lot of different aspects related to driving innovation
during concept development. Edeholt (2004) explained that being innovative requires
unlearning old beliefs and breaking from the past, pointing to the perspective of the
team or where information is retrieved. Yet gathering information about a possible
solution cannot be done without the team suggesting an idea for where information can
be found (Schön, 1983; Roozenburg, 1993; Dorst, 2011). The information can then be
used to develop a wider understanding of the problem. It is not possible to express
much of the understanding in the team explicitly (Nonaka & Takeuchi, 1995), meaning
5
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that it is only somewhat understood in the mind of the individual team member. Being
able to create representations of different states of problems and solutions is important
for others to be able to create a common understanding (Maher, Paulini & Murty,
2011).
Recently, new business models have made it possible to reconsider the way products
and services are developed (Tukker & Tischner, 2006). The drivers for such models
have mainly been related to economic and environmental sustainability, although it has
made companies aware that being able to deliver an integrated offer puts greater
demands on, for example, the developing unit (i.e., the team). Research on innovations
has shown that most products follow similar product lifecycles (Vernon, 1966). They
start as a radical new solution in a niche market; they then become cheaper due to their
usefulness and popularity in broader markets, which is later followed by product
maturity where creative utilisation of new business models becomes important. This
cycle is finally followed by saturation and declining phases. It can therefore be argued
that companies must be able to handle different logics, which in turn implies that teams
also must be able to do so (O´Reilly & Tushman, 2004).
The concept development stage demonstrates a clear and distinct relationship
between the input or problem (i.e., the design brief) and the output or solution (i.e.,
the product specification). A good representation of the development activities aids
communication, but is not a blueprint of practice (Engwall, 2003). One major
challenge in concept development is that problems and solutions are interrelated. Rittel
and Webber (1973) concluded that: “The information needed to understand the problem
depends upon one’s idea for solving it. … Problem understanding and problem resolution are
concomitant to each other” (p. 161). Schön (1983) described the link by explaining that
problem setting is part of every problem-solving activity. Trying to solve a problem
makes it possible to understand the problem, but also implies that it will change our
definition of it.

2.2

The nature of open-ended problems

In the last decades, a reflective practice has been established within engineering design
as an additional point of view (Faste, 1987; Stumf & Mcdonell, 2002). Such a view
more directly addresses, for example, the engineer’s capabilities to interact with
customers, users and other stakeholders (Patnaik & Becker, 1999). Some researchers
have embarked from the assumption that engineers continue to deal with the same
types of problems as before, but the approach and perspective to solve them has
changed (e.g., Steinert & Leifer, 2012). This is captured as the redesign rule (Meinel &
Leifer, 2011): Technologies and social circumstances may change, but human needs are
still the same. In addition, engineering activities, particularly those in concept
development, are expected to change due to global sustainability challenges (Mont,
2002). What could previously be limited to a complicated problem, such as building an
airplane, today tends to mean a complex or chaotic problem (Snowden, 2002); in other
words, today’s engineering-related problems usually include social factors whose cause
and effect are difficult or even impossible to manage using traditional methods and
processes. These changes imply that optimisation and completeness are not the success
6
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criteria for problem formulation activities (Miller, Burke & Glick, 1998; Mitroff,
Emshoff & Kilmann, 1979; Rittel & Webber, 1973; Smith, 1989). Simon (1979)
argued that optimisation is not always possible for every solution and, consequently,
introduced the construct of satisficing, which refers to “finding optimum solutions for a
simplified world, or by finding satisfactory solutions for a more realistic world” (p. 498).
The early work of Rittel and Webber (1973) described problems as either “tame” or
“wicked” which aligns to the contemporary engineering related problems. Tame
problems have a clear context where the problem and its different solutions are known
and the goal is already well understood from start. Rittel and Webber (1973)
exemplified tame problems using the example of a game of chess, where the wanted
outcome and the rules are clear from the start. Wicked problems, in contrast, are often
characterised as being ill-defined and contradictory. The starting point for finding
solutions can be differently interpreted, and no clear direction for how to reach the goal
exists from the start. Rittel and Webber (1973) exemplified how a simple statement like
“Crime in the streets” is wicked when searching for a solution, as the root cause can be
anything from not having enough police officers to cultural deprivation. Nowadays it is
argued that wickedness is more of a norm (Coyne, 2005) and particularly related to
innovation concept development (Baer, Dirks and Nickerson, 2013), in which the
wickedness creates an opportunity for radical and breakthrough solutions (e.g., Leifer &
Steiner, 2011; Patnaik & Becker, 1999; Kelley, 2001). The key to success is the
activities of interpreting the problem purposefully when facing open-ended problems
(Rittel & Webber, 1973). The level of wickedness depends on the person experiencing
the problem, how s/he defines it and whether s/he has the capacity to recognise it. All
type of problems can be described as having a gliding scale of wickedness, in which the
capability to understand the goal and the rules decides how the wickedness is perceived
(Coyne, 2005; Hyman, 2002; Volkema, 1983). The capability to constrain and define
the problem at hand relies on personal skills (Coyne, 2005). Cross (2008, p. 13)
described problems as “ill-defined” and “ill-structured” in contrast to well-defined and
well-structured problems and built on Rittel and Webber’s (1973) work. He
summarised ill-defined as when:
• There is no definitive formulation of the problem. The problem is typically
poorly understood from the beginning, and formulations change as more
information becomes available.
• Any problem formulation may embody inconsistencies. Conflicts and
inconsistencies have to be dealt with as they emerge.
• Formulations of the problem are solution-dependent; in other words, problems
cannot be formulated without implicitly or explicitly referring to a solution.
• Proposing solutions is a means of understanding the problem.
• There is no definitive solution to the problem. Solutions can only be assessed as
good or bad, not true or false.
Managing a wicked problem implies that sub-problems will reveal themselves as
causes of the initial problem; therefore, it is hard to find useful constraints for the task
from the start. How the problem is interpreted, explained and communicated
determines its solution. Baer, et al, (2013) found that shortcomings of problem
7
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formulation are a narrow sampling of information, dominance, jumping to solutions,
strategic behaviour and representational gaps. Strategic behaviour means that individual
team members, for example, favour a solution over others based on self-interests.
Representational gaps mean that individual team members may favour representations
of the problem situation based on the individuals’ knowledge base. As a result,
conventional engineering activities are challenged. Heylighen (1999) explained that the
big picture becomes confusing and choosing from a greater number of potential actions
challenges the design team.
Complex and open-ended problems require a variety of perspectives and skills in
order for a solution to be found (Löwgren & Stolterman, 1998). A single person has
difficulties finding solutions as the individual’s mental image or map cannot capture all
facets of the problem (Heylighen, 2013; Löwgren & Stolterman, 1998). The problem
needs to be questioned from different perspectives, which is not doable for one person
working alone. Finding constraints and delimiting the problem are necessary tasks and
create a creative “tension” (Löwgren & Stolterman, 1998). An overly “wide” problem
formulation can hamper the “tension” whereas too “narrow” definition may hinder the
emergence of new solutions. Defining constraints is important for making sense of a
complex problem (Löwgren & Stolterman, 1998; Mose Biskjaer & Halskov, 2014).
2.2.1
Domains of sense-making
Experiencing a new situation implies, for example, that the starting point, methods,
procedure, and goal are less known than routine situations. A known problem situation
can follow a search cycle for rational problem solving — namely, analyse, generate, test
and evaluate (Simon, 1984); an open-ended problem situation has to follow an
experiential cycle — namely, frame, name, move and reflect (Schön, 1983). Snowden
(2002) explained how making sense of problems can be addressed in a model called
Cynefin (see Figure 1). First, a known domain where the relationship between cause
and effect is obvious to all involved and incoming stimulus is categorised and responded
to by predefined procedures (e.g., best practice). The knowable domain incorporates
problems where the relationship between cause and effect needs to be investigated in
order to understand the linkages, but is otherwise observable. A typical approach for
acquiring understanding is to sense and respond; here, experts play an important role in
managing the direction of work. In these two domains, the known and knowable,
components of the problem are knowable and definable, cause and effect can be
separated and the linkages between parts understood so that the outcome can be
controlled (Snowden, 2002). In the complex domain, components, or agents, are
changing; hence, cause and effect cannot be separated because they are intertwined.
Relationships can therefore only be perceived in the retrospective; as such, the
approach must be to probe, sense and respond. By probing, emergent patterns can be
understood and encouraged so that informed decisions can be made instead of simply
being based on past experiences. The chaotic domain consists of turbulence and no
sensible linkages between cause and effect, meaning no recognisable patterns can be
found; thus, the best approach is to act, sense, and respond. Although uncomfortable, it
is a domain where earlier assumptions and expertise are disrupted due to encountering
new knowledge.
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Figure 1. The Cynefin model for sense-making, adapted from Snowden (2002).

2.3

Representations in concept development

Making sense of open-ended problems is connected to how information is collected,
analysed and represented by the team. Sense-making and the creation of understanding,
at the team level, have been investigated from different perspectives, such as Tuckman’s
(1965) model of group development, Schön’s (1983) model of reflective practice,
Nonaka and Takeuchi’s (1995) model of knowledge creation, and Hey, Joyce and
Beckman’s (2007) model of frame negotiation in teams. A suggested approach for
engineering design is to apply representations throughout the problem-resolution and
the problem-solving activities (Dym, 1994). A representation in such a case is a
visualisation of a problem, a solution, the constraints and/or similar items (Maher,
Paulini & Murty, 2011). A variety of representations have to be used in concept
development to explore and define what constitutes the problem as well as what a
plausible solution would be. The diverse set of representations provides links from
problem resolution to the problem-solving approach (Dym, 1994). Representations are
also important for collaboration and communication (Maher, Paulini & Murty, 2011).
The suggested instances for the use of tangible representations in concept
development are in and between development teams, users and external organisations
(Houde & Hill, 1997). Prototypes are, in engineering design, typical representations of
manufactured products in different stages of development. Prototypes are used for
communicating, such as functions, features or appearances of a design, but could
provide different means in the concept development processes (Houde & Hill, 1997;
Ullman, 2003; Elverum & Welo, 2015).
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Ulrich and Eppinger (2012) described prototypes in concept development as being
useful for:
- Learning (e.g., to find and answer questions);
- Communicating (e.g., with external actors);
- Integration (e.g., to test how different subsystems can be incorporated); and
- Milestone (e.g., to show and keep track of progress).
In the concept development stages, the intentions of using prototypes are thus
recommended to understand a problem or to learn by playful iterations (Kelley, 2001).
In later stages, such as detail design, prototypes should be used to validate or compare
alternatives. Kelley (2001) denoted such use as advancing from prototypes driving the
design brief to reaching a new design brief driving new prototypes. Physical prototypes,
such as mock-ups and look-and-feel models, often detect unanticipated aspects, like
behaviour or functions, because they are tested in a real environment in which all laws
of physics are operating. Physical engagement also gives important triggers to the team
(Toh & Miller, 2015). Analytical prototypes (e.g., equations, spread sheets and
simulations) are delimited to manage only the analytical model as such (Ulrich &
Eppinger, 2012).
Comprehensive prototypes used for field tests or for validating production should be
in a state as close to the final product as possible. Physical prototypes, if in a preproduction state, can be more resource demanding than, for example, a computeraided design (CAD) model; on the other hand, low-fidelity or rough prototypes are less
resource demanding than simulations. If a quick development time is essential, it is
important that the team find a balance between physical and analytical prototypes
(Thomke, 1998). Lately, additive manufactured (i.e., 3D printed) prototypes have
shown to be useful for both validation and mock-ups (Lipson & Kurman, 2013).
In any case, prototyping offers a possibility for interacting and understanding a
forthcoming solution; therefore, prototypes as such are not only important in terms of
how they can be used to support the team and the solution (Houde & Hill, 1997). It is
recommended that prototypes in concept development be simple and rough (Thomke,
2001). Such prototypes are a means for learning, exploration and communication
(Steinert & Leifer, 2012). “Failing” is a key feature for progressing an idea and concept
generation; consequently, rough prototypes make sense (Thomke, 2001; Bergström,
2009). Rough prototypes are also a means for including customers and users in concept
development activities (Bergström, 2006). Thus, pre-production prototypes, or any
prototypes that seem “finished”, do not support creative suggestions from their creators
or from their potential users (Brown, 2008).

2.4

Approaches to resolving open-ended problems

Gero (1990) referred to function, structure and behaviour as the relationships making
up a representation, which are subsequently investigated at different levels of abstraction
and detail. Such descriptions relate to prototyping —that is, the activity in which rough
prototypes are used for the sake of building to learn, testing to learn and evaluating to
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progress understanding. Another application of representations to understand problems
can be found in the term “pretotyping”, which refers to testing “the initial appeal and
actual usage of a potential new product by simulating its core experience with the smallest possible
investment of time and money” (Savoia, 2011, p. 21).
Heylighen, Bouwen and Neuckermans (1999) argued that engineers must actively
construct understanding of the actual problem, not just passively observe. Snowden
(2002) asserted that different types of problems should be approached differently
depending on the person’s expertise. Problem solving generally follows a converging
(i.e., opening up for new ideas and concepts) and diverging (i.e., narrowing by deciding
on ideas and concepts) pattern (Cross, 2008). Conversations supported by body
language are also a type of representations applied to address open-ended problems.
Bergström (2009) recognised that team members use body language in particular when
probing ideas in teams. The exploration of ideas and concepts are conveyed to the team
by using such probes, and the team can acknowledge the idea and create its own
understanding of it, subsequently triggering new ideas among the team. Holmqvist
(2015) suggests that conversations could support experience sharing, and concludes that
those facilitate the interchange of thoughts rather than communicate a message.
Gero (1990) explained the mechanism of learning from representations, such as
when engineers compare an expected behaviour with the actual behaviour of the
physical object in an experiment. Argyris (1999) referred to this as learning cycles and
distinguished between single and double loop learning. Double loop learning is more
efficient in a longer perspective because governing variables are understood and
changed prior to new actions.
In a learning situation, which concept development could also be, there are different
tendencies among people who motivate their actions when searching, internalising and
applying information. For example, learning preferences could be divided into the
categories of mastery- and performance-oriented types (Pintrich, Marx & Boyle, 1993).
The mastery type of orientation has a tendency to explore problematical situations to
learn in-depth, and the performance type of orientation has a tendency to exploit
existing information on a preferable known situation (Pintrich, Marx & Boyle, 1993). It
is important to note that the types of orientation have nothing to do with a judgement
of good or bad; instead, both bring value, but in different situations. Pintrich, Marx and
Boyle (1993) did not argue that a person’s orientation is fixed; rather, the type of
orientation prescribes a tendency for how to approach ambiguous situations or openended questions. This means that, for example, becoming experienced can have an
effect on the type of orientation (Hyman, 2002). Depending on the situation, some
people find it beneficial to address knowledge outside the obvious boundaries of a
situation, and some people consider it to be deviating from the subject or even a waste
of time.
2.4.1
Assumptions
Humans understand new information based on what they already know (Polanyi, 1966;
Gilje & Grimen, 1992; Nonanka & Takeuchi, 1995; Lindholm, 1999; Nonaka,
Toyama & Konno, 2000). To be able to create such understanding, humans generate
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assumptions based on their pre-understanding, when they encounter new situations
(Gilje & Grimen, 1992). This so-called pre-understanding is based on individual
experiences, interpretations of others’ experiences, and the use of intermediaries like
documents (Gummesson, 2000). Pre-understanding sets a framework for the
interpretation of new situations. Making assumptions is both a conscious and
unconscious act, but it should be noted that making unaware assumptions hampers new
understanding and purposeful learning (Edfeldt, 1996; Gummesson, 2000).
Assumptions, whether conscious or not, have an effect on team performance in concept
development (Snodgrass & Coyne, 1992). Unconscious assumptions bear with them
preconceptions that lead to pre-configurations (e.g., jumping to quick solutions). In
turn, pre-configurations hamper innovation and new solutions by narrowing the
possibilities from the start (Snodgrass & Coyne, 1992; Crilly, 2015).
The difficulties with expressing one’s experiences and assumptions and making them
clear to a team have both a positive and negative effect on the solution (Snodgrass,
1992; Nonaka et al., 2000). Gero (1990) explained that an engineer’s core experiences
are based on understanding the relationship between an object’s physical attributes and
its behaviour, such as a door hinge and the notion of rotation about an axis. Engineers
learn about such relationships by, for example, experimenting with a physical object,
and Gero (1990) concluded that it could be difficult to change such a perspective in
new situations. Youmans (2011) concluded that, as an effect of the human associative
memory, difficulties could lead to an unconscious fixation towards earlier solutions.
Simply, the engineers do not realise the low degree of novelty in the solution and that
features from previous or existing solutions are just copied. One result of human
cognition is that it is difficult to unlearn old beliefs (Edeholt, 2004) and experience
affects fixation (Crilly, 2015). Unpleasant experiences of failure imply that the
developer may promote conservatism and restrict exploration. Agreeable experiences of
variety and fixation promote exploration as the developer knows of more different
concepts and is also aware that fixation occurs (Crilly, 2015).
Crilly (2015) investigated fixation in concept development. Fixation in this meaning
can be described as when the team does not change their initial perspective and they
become facts. Initial or existing beliefs are seldom correct ones, particularly in new
situations where simultaneous understanding of the problem situation, potential
solutions as well as how to approach the development process are necessary (Argyris &
Schön, 1978). Typically aspects that encourage fixation are prior art, initial ideas, hard
constraints, and negative organisational culture. Aspects that discourage fixation are
teamwork, prototyping and trying to exceed clients’ expectations (Crilly, 2015).
2.4.2
Frame and reframe
Design situations cannot be explained only through derivation from known variables.
In order to create new understanding, an engineer needs to suggest a specific
perspective, or frame, to be able to come up with solutions, which is a specific type of
abduction (Dorst, 2011; Roozenburg, 1993). The creation of frames is therefore central
in a design activity (Dorst, 2011). Dorst and Hansen (2011) described frames as “applied
(situated and specific) views on the problematic situation derived from the general discourses” (p.
3). From an initial frame, the design team can start searching for information and
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experimenting on solutions, or change perspective through reframing. By examining
several different frames, the design team eventually finds a pattern that ultimately leads
to a specification and a set of constraints for a candidate concept (Dorst, 2011).
Identifying working principles — simply stated, the conditions that regulate the wanted
outcome to happen — are another way to address certain types of open-ended
problems (Dorst, 2011). Important for successful framing and reframing is a validated
working principle; such an approach relies on iterations of testing and evaluation to
develop a concept. The activity of creating frames and reframes, as Hey at al. (2008)
explained, involves “identifying a desired goal, highlighting relevant aspects and hiding others,
selecting boundaries for the situation and criteria for evaluation” (p. 2). This relates to the
establishment of the parameters of a problem, which Valkenburg (2000) suggested was
important in concept development. A frame includes circumstances for both a problem
and solution, and understanding how to observe framing is not straightforward.
According to Dorst (2011, p. 525):
although frames are often paraphrased by a simple metaphor, they are in fact very
complex sets of statements that include the specific perception of a problem situation,
the (implicit) adoption of certain concepts to describe the situation, a ‘working
principle’ that underpins a solution and the key thesis: IF we look at the problem
situation from this viewpoint, and adopt the working principle associated with that
position, THEN we will create the value we are striving for.
The “If… then” statement denotes some sort of framing activity in a team that
consequently can be studied.
Stumpf and McDonnel (2002) built on the activities of associations and
disassociations to detect the creation of frame shift (i.e., new frames). Associations are
based on a structure of reality or the establishment of it, while disassociations confront
the established structure. The creation of frames shares much in common with
phenomenological methods of analysis where a “theme” emerges as an answer to the
experienced phenomenon (Dorst, 2011). The frame is a response to the central paradox
of the problematic situation, but activities that support the creation of new frames tend
to abstract from the situation as well and instead try to explore the context of the
problem (Paton & Dorst, 2011). A common language supports the creation of frames
(Paton & Dorst, 2011), and the uses of generative metaphors are important to aid a
shared language (Schön, 1983). Such generative metaphors change the design team’s
initial frame towards a frame that is in line with the potential users’ requirements (Hey,
Yu & Agogino, 2008). As one benefit of a team, as opposed to working alone, is to get
synergies from several opinions, perspectives and expertise areas (Surowiecki, 2005,
Forsyth, 2010), teams need to take individual frames to a team level (Hey, Joyce &
Beckman, 2007).
Dorst (2011) suggested a model equation for how development teams create
understanding by applying frames and reframes when handling different problem
situations in concept development. The fundamental model, presented in Figure 2,
describes that a physical thing (What) together with a working principle (How) builds a
result that can be observed. Incremental development can then, for example, be
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explained such as when searching for the What-variable and only an aspired result and a
specific working principle are known.

Figure 2. Model for creating understanding, adapted from Dorst (2011).

Departing from an open-ended problem could then be explained as having more
than one variable missing in the equation model. Dorst (2011) recommended that a
team start from an aspired result, or value, and based on that propose a frame (e.g.,
designing operational constraints) to replace the question mark on the How variable.
When the team has proposed a frame, they can then suggest a physical thing that fulfils
the equation model.

2.5

Open-ended problems and iterations

The concept development activities have, on the one hand, similarities with creative
work and build upon execution of the iterative work of analysis, generation, evaluation
and communication (Howard, Culley & Dekoninck, 2008). On the other hand, Dorst
and Cross (2001) described creative work as constant iterations of analysis, synthesis and
evaluation between the problem formulation and the solution generation. Rapid
iterations outperform a single iteration when a challenging task is performed for the first
time (Dow & Klemmer, 2010). It is also positive for the outcome to be able to switch
between tasks quickly (Toh, & Miller, 2015).
The sequences of iterative activities describe a pattern in which the team moves from
an initial problem formulation by recognising partial structures and linking those with
partial structures of the solution (Dorst & Cross, 2001). Creative ideas or sudden
insights are often perceived as “leaps”, but Cross (1997) instead described them as
“bridges” between problems and solutions. Yet finding a satisfactory bridge to a
concept certainly requires a “flash of insight” (Cross, 1997). Suggested steps for
executing concept development include iterations between the activities’ design, build
and test (Wheelwright & Clark, 1994). Cyclic or iterative sequences of activities are
suggested as aspects previously impossible to understand are understood in the way they
are investigated. Iterate, iterate, iterate is the advice Brown (2008) gave for successful
concept development. Iterations take the team forward towards a solution as they learn
more about the problem and alternative solutions (Wheelwright & Clark, 1994).
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Figure 3. The Hunter-Gatherer model, adapted from Steinert and Leifer (2012).

The iterative efforts of concept development are illustrated in the Hunter-Gatherer
model (Steinert & Leifer, 2012) shown in Figure 3. The model builds on an iterative
change of perspectives, where the team sets out much like a hunter discovering
unknown territory (i.e., exploring from point A towards point B). The hunter makes
several changes in direction until an interesting solution is found (point B’’’), and it is
time to bring it home by defining the closest path between problem and solution. The
model gives an overview on how the potential solution is reformulated after each
iteration based on the team’s progressed understanding about the problem situation.

Figure 4. A five-step concept generation method, adapted from Ulrich and Eppinger (2012).

The Hunter-Gatherer model can be compared to the illustration of concept
development in conventional engineering provided by Ulrich and Eppinger (2012),
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among others, as depicted in Figure 4. The latter model describes the sequences of
activities in a systematic classification tree in which the problem can be clarified from
the start whereas the Hunter-Gatherer model describes the sequences to find both the
problem and solution. Although the Hunter-Gatherer model would be comparable to
the complex or chaotic domain in the Cynefin model (Snowden, 2002), Ulrich and
Eppinger’s (2012) model is comparable to a known or knowable domain in the
Cynefin model.
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3

Methodology

This chapter presents the methodology for the thesis. First, the strategy for this research is
explained. Second, the chapter describes the research setting, the sampling and data collection, the
data analysis, and the quality criteria for the quantitative methods. Finally, the methodology is
reflected on.

3.1

Research strategy

Design Research Methodology (DRM) (Blessing & Chakrabarti, 2009) is a
methodological approach which provides a way to achieve rigorous work in design
research. One critique against design research in general is the close relationship to
industry, which is said to sometimes lead to consultancy work rather than a research
focus (Blessing & Chakrabarti, 2009). However, such a close approach can also be
viewed as being participatory action research (Checkland & Holwell, 1998), in which
the researchers’ interaction with the phenomena is important for bringing about change
in the area of application. The research conducted in this thesis has been focused on
generating insights for both academia and industry and motivates the application of
DRM as an inspirational strategy. DRM consists of a set of supporting methods and
guidelines in four main stages:
1.
2.
3.
4.

Research clarification
Descriptive study I
Prescriptive study
Descriptive study

The DRM strategy is outlined as a framework (see Figure 5). The DRM illustration
provides pointers for the main steps and their subsequent execution (bold arrows) as
well as several iterations (light arrows). The research clarification stage builds on
empirical studies and on literature reviews or studies. The first descriptive study is
applied to build a better understanding of the studied phenomena so that important
elements can be determined. After the two first stages, clarification and descriptive
study, the information and insights are defined to be able to correct and elaborate on
the initial assumptions of the desired outcome. At the prescriptive study stage,
supporting methods and tools for the area of application are developed and
implemented. The final stage, descriptive study II, is intended to evaluate the impact of
the implemented support at the area of application.
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Figure 5. DRM, adapted from Blessing and Chakrabarti (2009).

These four stages should not — and often cannot — be executed linearly, but are
rather adjusted to the research context. Several iterations of any of the stages can be
introduced if needed in certain cases, but also for the extent to which each stage should
be executed. Blessing and Chakrabarti (2009) stressed that DRM provides an overview,
and real research in design commonly does not apply all stages within one project’s
time.
My effort during the first year of research education was to use DRM to develop a
systematic research process, but it was hard to define success criteria from the start (i.e.,
in the research clarification stage). In the research clarification stage, a first description
of the As-Is situation (existing situation) of the research area, as well as a To-Be
situation (desired situation) should be defined. In my research context, it was not
possible to define these situations before exploring the area. I have thus been inspired
by DRM, but rather followed what is commonly known as a heuristic strategy. The
research activities have guided my progress, which is in line with the approach
suggested for explorative research (Miles & Huberman, 1994). Thus, I started from a
wide area of investigation and have, over time, formulated and revised my research
questions as my understanding has matured. A heuristic approach is also applied as a
problem-solving method for learning and discovery in industry (Føllesdal, Walløe &
Elster, 2001).
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3.2

Research context

During my studies I have been part of several different research contexts in which I
collected data. One setting is undergraduate students, with whom I came into contact
through workshops, courses and master thesis student projects. The students were both
national and international. I took part in several courses (i.e., 17 courses with
approximately 10 to 50 students each) from 2010 onwards. The common denominator
in the student settings was the focus on open-ended problems and innovation tasks.
The course curriculum often had an orientation towards problem-based learning (Dym,
Agogino, Eris, Frey & Leifer, 2005), where students had the opportunity to use their
skills in a setting as realistic as possible. The problem-based format in teaching and
student projects provided opportunities for informal meetings in which we made joint
reflections on the activities and the processes. The students came from various masterlevel courses and programmes (e.g., mechanical engineering, energy engineering,
industrial design and architectural engineering).
Another research context have been companies, three large companies and diverse set
of small and medium sized firms. The large companies were part of the research
projects, and so have also five of the small and medium sized firms been. Fourteen small
and medium sized firms were directly involved as clients in the workshops. The
workshops were administrated in a format called Innovation Factory
(Innovationsfabriken in Swedish). In the regularly executed workshops, teams compete
in radical innovation. Participants, including students, citizens, staffs from different
organisations and the like, sign up in teams and compete to find and propose the most
innovative solutions. The workshops follow a pre-set methodology for radical
innovation, but do not straightforwardly describe how to approach an open-ended task.
Each workshop has a firm as a client, which also judges the result and awards the
winning team.
The workshops start from a challenge formulated by the client. The clients normally
actively participate in the workshop, and the challenge is formulated as an open-ended
problem without giving hints to solutions or users. As the expected result should be
innovative, the initial design brief cannot be expressed in the form of a settled problem,
such as “Design a safe ladder”. The design brief could instead be expressed as a challenge
(Brown, 2009), for example: “How might we help people reach heights in a safe way?” The
workshop provides guidance for a concept development stage and prescribes four
iterative stages (Bergström, Ericson & Törlind, 2010):
1. Inspiration. Explore the challenge and the potential users.
2. Identification. Define a problem situation.
3. Ideation. Generate many ideas.
 Implementation. Develop concept descriptions. 

3.3

Research approach

The research approach of this thesis can be described as being exploratory as it includes
data collection and analysis of qualitative data (Edmondson & McManus, 2007;
Eisenhardt & Graebner, 2007). My research interest is concept development and open19
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ended development problems, particularly in terms of how individuals approach such a
complex situations. Blessing and Chakrabarti (2009) described the design and concept
development activities as a “dynamic, complex, multi-faceted phenomenon, involving people,
processes, knowledge, methods and tools” (p. 12). This relates to the effort to obtain
qualitative data as the phenomenon is based on interpretations, understandings or
experiences of inter-human activities.
Qualitative data provide insights on how individuals experience and/or interpret a
situation. This implies that the focus could be on interactive relationships (Hartman,
2004), such as between individuals or between individuals and objects.
Miles and Huberman (1994) concluded that qualitative data qualifies as a base in
research, yet deciding on such an approach also means that the collected empirical
findings are rich and complex to manage (Hartman, 2004). In relation to the
exploration approach, the studies presented here followed the research in those
directions that the activities have lead. In relation to the iterative activities suggested by
DRM, I would describe my approach as an interactive induction (Hartman, 2004).
This means that I started from empirical settings rather than from theory — that is, the
empirical studies suggested theoretical domains to investigate.
The chosen research approach provided me with a range of possible directions; I
chose to perform different small-scale studies to make it possible to investigate the
aspects of interest. However, such an approach also implies being careful towards
generalising the empirical data. It is important to find a suitable level of observation for
the things that should be studied. This research is focused on the activities teams apply
in problem resolution.

3.4

Empirical data – sources and collection

Sources of empirical data include student projects, workshops and interactions with
companies, see Table 1 for a summary. My role, in parallel with my main role as a
researcher, differed in each one of them, including as a teacher, as a supervisor or as a
process leader. These sources provided me with the possibility to obtain data and follow
up on data by asking new questions.
I set up and conducted two experimental studies with students: a mechanical
engineering course and an architectural engineering course. The experiments provided
the possibility to participate in and describe team activities in an environment where I
could follow the team progress regularly, but also test and evaluate the prescriptive parts
of the studies.
Moreover, I collected data from several additional sources besides students’ logbooks
and presentations, such as observations, workshops, questionnaires and internal
company documents. I also conducted semi-structured interviews (Fontana & Frey
2000) with company representatives.
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I obtained and analysed the material from 14 workshops (Innovation Factory)
between August 2013 and December 2015. During those workshops, participants
produced material on A3 worksheets, and I gathered and analysed material from 8
workshops during 2014 to compare the teams’ initial interpretation of the design brief
and their proposed concept. I followed up on the workshops by analysing a survey
answered by the clients, in which they assessed the level of innovation of the ideas and
the benefit from the workshop.
Table 1. An overview of the methodology of appended papers

Paper

Source of data

Key concepts

A

Literature review

PSS

B

Experiment,
student mtrl.
Interviews,
questionnaire,
internal
documents
Literature review,
experiment,
student mtrl.
Workshop,
experiment,
student mtrl.,
survey

Open ended
problems
Product
development/Open
ended problems

C

D
E

Product
development/Open
ended problems
Open ended
approach

Product
development
Team
orientation
Approach,
orientation

Concept
development
Concept
development

Prototyping
approach

Concept
development

Framing and
reframing
cycle

Concept
development

3.4.1
Literature review
The literature review was conducted iteratively and often in parallel with empirical data
collection. The choice of knowledge domains thus evolved from empirical findings.
The relevance of the literature was determined in relation to areas that emerged over
time. This approach can be described as a snowball technique, meaning that interesting
findings lead to new relevant findings. This approach never becomes fully
comprehensive as that is not the intention, but is typical for exploratory approaches
(Yin, 2003). The main databases used to access the literature reviewed were Google
Scholar (Google scholar, 2016), Scopus (Scopus, 2016), Web of Sciences (Web of
science, 2016) and ProQuest (Proquest, 2016). Keywords were used based on the
specific focus of the studies. Some examples are: team-based innovation, concept
development, and wicked problem.
3.4.2
Written material other than literature
The students and the participants in workshops produced a variety of written material,
including logbooks, presentation materials, reports and other types of documentations. I
also documented my research activities in a personal researcher’s logbook. This type of
material has been useful for understanding the progress of activities and perspectives.
The students’ logbooks in particular provided insights into their own experiences. I also
had the possibility to study internal documents from companies. Company documents
use a formal structure, but were useful for validating my understanding and
observations.
21

Johan Wenngren, Team activities in concept development
3.4.3
Informal communication
Talking to people provided an invaluable source for understanding the topics. This type
of communication took part in relation to, for example, company visits, project
meetings and workshops. Informal communication is typically productive and highly
qualitative as there is a common focus of interest (Kraut, Egido & Galegher, 1988).
Usually the informal communication complimented other methods, such as formal
interviews and observations. I did not take notes during the dialogues, but wrote them
down afterwards and kept a researcher’s logbook. During analysis, those notes were
relevant for explaining gaps in other collected data.
3.4.4
Interviews
Semi-structured interviews were conducted (Fontana & Frey, 2000). The semistructured form of interviewing allows respondents to formulate their own answers on
questions that encourage them to speak freely. The interviews are constrained by
themes planned in advance, but the possibility to speak freely means respondents can
diverge into related areas (Bell, 1993). This is an opportunity to find new but related
keywords or topics which can be used, for example, in literature reviews. Moreover,
the follow-up questions are built on words from respondents’ answers; thus, the words
are based upon terminology that is “natural” for the respondents. In this way, the
researcher can encourage respondents to go deeper into areas by choice and, to some
extent, delimit biases of the researcher (Bell 1993).
3.4.5
Observations
Observations are an important source of data collection. I chose to use direct, first-hand
and participatory observations (Yin, 2003) to enable me to identify the research interest
from the informants’ point of view. I deliberately took a “step back” and let the
informants talk while my participative role was to ask curious questions. I believe that
the approach in the observations was not influential to an extent beyond participatory
research; in other words, I did not affect the informants and teams more than at an
expected level. I planned what to observe in advance, took short notes during the
observations and afterward used these to provide a basis for analysis. The observed
activities and my own analysis of the data were collected in a researcher’s logbook in
chronological order.
3.4.6
Design experiments
One benefit of conducting experiments is that the conditions can be controlled to
some extent. In one experiment, I used the Motivated Strategies for Learning
Questionnaire (Pintrich, Marx, & Boyle, 1993; Pintrich, Smith, Garcia & McKeachie,
1993) to divide the students into homogeneous teams, thereby reinforcing a certain
type of tendency towards open-ended problems. This experiment was video-recorded
in order to analyse the activities and communication among the teams. In another
experiment, I used a test called Teamology (Wilde, 2008; Teamology, 2016) to create
effective team performances. These teams were followed over a period of time, so
video-recording was not an option; instead, project reviews, student logbooks and
dialogues with the students were used to obtain data.
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3.4.7
Questionnaires
Although limited, some of the data in this thesis came from questionnaires used to
collect background information to be able to set up teams (papers B, D and E) as well
as provide data for triangulating the results (paper C). In paper C, the questionnaires
were sent to seven product developers. Questionnaires were also used to collect
companies’ and team members’ opinions and feedback in retrospect (paper E).

3.5

Data analysis

To analyse the data gathered, I read texts that the respondents produced as well as the
notes I took during and after observations. I transcribed the interviews and the
sequences of communications from video recordings. In addition, I used a common
approach when obtaining qualitative data by interacting with and observing informants’
analyses simultaneously — namely, interpreting the informant’s expressions or actions
and formulating follow-up questions. In such analyses of qualitative data, the
hermeneutics circle can be used to explain how an interpretation can be justified
(Hartman, 2010) by moving from parts to the overall picture.
I watched the video-recordings more than once and attended several workshops to
support my analyses of situations. I worked with research peers in an attempt to
minimise errors and cross-check possible alternative interpretations; for example, videorecordings from experiments were first analysed individually, then compared with
others’ analyses and finally compared with at least one more source of empirical data
(e.g., students’ logbook or the researcher’s logbook). In order to make sense of the
analyses, excerpts from texts were visualised on a whiteboard and by categorising the
excerpts, gaps, depictions or overlaps became apparent. The empirical data were thus
analysed in a non-cross-sectional way (Mason, 2002) and not by first applying
predefined categories. In the search for patterns, counting the appearance of words can
be done, but this should not be mixed up with the search for quantitative data. Frame
and reframe (Dorst, 2011) were used to analyse the data in one of the studies (paper E).

3.6

Research transparency

The use of research methodology implies having a systematic procedure to conduct, for
example, planning, collection, and analysis phases (Hartman, 2010). Repeatability
(Stake, 2005) is a common measure used to judge whether or not the research is valid;
however, in explorative and applied design research, repeatability is not sought. It is not
possible to reach the same results as the interventions change people’s interpretations
and understanding of their activities. Transparency, though, is important for assessing
the research quality (Janesick, 2000). Accounting for communicative validity (Kvale,
1994) is one way to address transparency. Communicative validity states that the
researcher should, for example, describe his or her pre-understanding and how data
were collected and analysed. I have, to the best of my ability, accounted for that.
Triangulation can also be used to evaluate research (Neuman, 2005). Neuman (2005)
discussed the triangulation of theory, method, measurement, and observers. The
triangulation of theory is achieved by using multiple sources of theoretical perspectives.
In this thesis, I made an effort to build on not only engineering design literature, but
also additional perspectives. The data collection was focused on qualitative data, thereby
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making the results difficult to generalise, although different methods of data collection
helped support the analysis of the studied phenomena and were therefore beneficial for
the triangulation of measurement (Neuman, 2005). The triangulation of observers refers
to the importance of accessing several observers of the studied phenomena. In my case,
I discuss the information with several co-authors and supervisors during the analysis.
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4

Summary of appended papers

This chapter summarises the five appended papers, highlighting their key findings and describing
the papers’ relation to this thesis.

4.1

Paper A

Ericson, Å., & Wenngren, J. (2012) A change in design knowledge: from stand-alone
products to service offerings. The International Journal of Technology, Knowledge, and
Society, Vol. 8, No. 2, pp. 51-64.
Summary
Product Service System (PSS) is perceived by the manufacturing industry, and the
research field, as a way to reach ecological sustainability, deliver more value to their
customers, and meet an increasing competition in the market. Manufacturing
companies have gradually started to move towards the servitization of their products.
PSS has the possibility to create change in many areas of the organisation so it cannot
be built upon old strategies and processes. PSS offers are fundamentally different from
transactional businesses and the provision of engineered products; instead, servitization
is recommended to guide the concept development. Paper A investigates state-of-theart literature to discuss the changes needed to reach servitization in the manufacturing
industry. The paper incorporates literature from the product development and the
service knowledge domains. The theoretical findings show that a research focus on
relevant activities will not meet the necessary logics of integrating servitization in
product development. One suggestion is that product and service integration could be
problematized from at least three different abstraction levels: business offering level,
production/use level, and product design level. An important issue is that the
conventional cognitive models may not support a change towards a PSS rationale in the
early phases of product development. The study also concluded the need for product
development to handle open-ended problems (e.g., not merely starting from concise
problem definitions, but also from ill-structured and vague specifications).
Author’s contribution
I developed the paper idea in collaboration with Åsa Ericson. I conducted the literature
study, the data collection and the analysis. The paper was written in collaboration with
Åsa Ericson.
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4.2

Paper B

Cox, C., Wenngren, J., Holmqvist, J., & Ericson, Å. (2014) Tendencies toward ProblemSetting and Problem-Solving: A Study of Operations Derived from Motivation Strategies.
Journal of Technologies in Education, Vol. 10, No. 2, pp.1-14.
Summary
Making sense of open-ended problems has become more important for industries, and
such activities are the basis for innovative development. Higher engineering education
programmes incorporate, to some extent, open-ended approaches in their curriculum.
A grand challenge is that engineering students do not feel confident managing such
openness; typically, they are used to tackle all types of problems using conventional
engineering activities. An experiment was set up to obtain empirical data in Paper B.
The purpose was to investigate how students’ individual orientation affects the design
process when approached by an open-ended problem. The individual orientation,
either performance or mastery orientation, was reinforced in homogeneous teams. The
types of orientations were collected from education and learning literature; the
performance orientation implies that students’ information searches are motivated by
achieving good grades whereas mastery orientation implies that students’ information
searches address learning more (i.e., receiving a good grade is a by-product of learning).
The study demonstrates the impact of distinct orientations on an open-ended design
challenge in order to highlight differences, which have implications for learning and
education. The study also suggests that the two orientations probably have equal
importance to reach a final result in a design situation, but they could be important in
different phases. The study found that performance orientation demonstrated a
tendency towards problem solving and exploitation in early concept generation
activities. Mastery orientation demonstrated a tendency for problem setting and
exploration — that is, in addition to the solution perspective, they also strived for an
in-depth understanding of the context and users’ perspectives.
Author’s contribution
Charles Cox initialised the theory of mastery and performance orientation. I set up the
experiment and obtained data in collaboration with Johan Holmqvist. The writing was
done in collaboration with Johan Holmqvist and Åsa Ericson. Charles Cox provided
comments on the writings.
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4.3

Paper C

Thor, P., Wenngren, J., & Ericson, Å. (2011) Knowledge sharing approaches in method
development. In Proceedings of the 18th International Conference on Engineering
Design (ICED 11), Impacting Society through Engineering Design, Vol. 6: Design
Information and Knowledge, Lyngby/Copenhagen, Denmark, 15.-19.08. 2011.
Summary
Open-ended problems are related not only to external customers, but also to internal
method development. Handling such improvements of methods means that the method
developers must be able to capture and formalize experience-based and tacit knowledge
from concept development activities. Large organisations typically have the in-house
development of support tools, which are important to enable, for example, simulations
and comparisons among different concepts. Paper C describes how method developers
use two different procedures to collect tacit knowledge. The purpose of the paper is to
contribute to the knowledge-sharing activities in early phases of product development.
One way to collect tacit knowledge from engineers is described as a problem-solving
approach, where the method developer gets a request for a specific tool from an
internal client. In this case, the method developer has a specification from which to start
the work and is also able to retrieve information from the user directly. The other way
to collect knowledge is described as a problem-setting approach, where the method
developer, instead of an internal client, identifies a need for a new support tool.
Problem-setting activities applied by the method developers could guide development
in early phases of product development through, for example, identification, analysis
and application of user needs as well as be applied to identify metrics/characteristics for
intangibles.
Author’s contribution
I performed the interviews and the transcription. The analysis was done in collaboration
with Peter Thor, who worked as a method developer at that time. The paper was
written in collaboration with Peter Thor. Åsa Ericson provided comments beyond the
responsibility of a supervisor.
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4.4

Paper D

Wenngren, J., Ericson, Å., & Nergård, H. (2014) Prototyping – cognition while doing. In
Cognitive Infocommunications (CogInfoCom), 2014 5th IEEE Conference, Budapest,
Hungary,5-7 Nov. 2014.
Summary
Paper D puts prototyping into focus as an enabler for service integration or servitization
within the engineering design area. Conventional product development creates
manifestations of preproduction concepts, called high-fidelity prototypes. Such
prototypes are typically expensive and time consuming to develop as they represent the
final concept along with all its functions. High-fidelity prototypes are not intended to
support idea generation and experimentation in the early phases; rather, they intend to
validate details of the construction decisions in later phases. Another type, low-fidelity
prototypes, does not provide details or facilitate usability tests; rather, they support
proof-of-concept and evaluation of a number of alternative concepts. By being used for
such intentions, low-fidelity prototypes are vital in early phases to understand the task
and support knowledge build-up. The paper’s purpose was to discuss the introduction
of low-fidelity prototypes and prototyping as a way of collaborative learning in early
development phases and in particular to support the introduction of service innovation
in engineering design. The differences between low-fidelity prototypes and highfidelity prototypes and their specific prototyping activities were described in the paper.
It was found that low-fidelity prototypes, mainly sketches, are used by mechanical
engineers in early phases, but they are not categorised as prototypes or recognised as
prototyping activities. The investigation of the literature presented in Paper D shows
that prototyping should be seen as playing with cognitive artefacts to support
exploration and learning about a final product, rather than representing the final
product. Prototypes in such prototyping become agents that could drive the transition
from the conventional to the extension towards a new servitization rationale.
Author’s contribution
I performed the study and wrote the paper together with Åsa Ericson and Henrik
Nergård. The authors were invited to submit the paper to the IEEE conference.
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4.5

Paper E

Wenngren, J., Ericson, Å., & Parida, V. (2015) Improving team activities in concept
development stages – understanding radical development and addressing open ended problems.
Journal of Promotion Management. (Accepted, In press)
Summary
Innovative efforts in a company setting entail that the team needs to deal with openended problems, preferably doing the most out of the given preconditions. In the
concept development stage, teams agree upon and set the problem by diverging out
from an open-ended description. By investigating the situation through the generations
of different concepts, teams develop knowledge. Hence, they can reach an
understanding of what constitutes a suitable problem with which to continue working.
Prior studies have showed the importance of teams being able to frame and reframe a
situation into a guiding specification. The importance of prototyping has been
highlighted, but still delimited, as understanding of how teams are addressing openended problems exists. Building on studies in earlier papers, this paper continues to
investigate how teams make sense of complex design and development problems.
Empirical data from teams assigned to an innovation contest are compared to team
activities in an engineering project course. The result demonstrates a concept
development model, which pinpoints critical stages, associated activities, and
influencing mind-set when addressing open-ended problems. The study highlights that
iterations in the procedure are a necessity to create new frames (e.g., understanding of
the problem), but they do not happen naturally.
Author’s contribution
I performed the study and co-authored the paper together with Åsa Ericson and Vinit
Parida.
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5

Team activities in concept development –
Addressing open-ended problems

Three key findings found to be relevant for the purpose of this thesis are discussed in this chapter.
These relate to conditions for innovative projects, the activities of exploration and definition, and
team communication. In addition steps for problem resolution as well as suggestions for team
procedure are proposed.

5.1

Types of Innovative projects

A change in the way products and services are sold, alter the way they are designed and
developed (paper A). There is a need for companies to be able to seize opportunities as
they appear by being able to address open-ended problems on a daily basis. Being
comfortable at handling open-ended problems implies supporting development teams
to manage uncertainties as early as the concept development stage. It can be argued that
teams need to be able to handle a broader variety of aspects in a phase where
information about what to do is scarce. This means that teams have to possess the skills
to execute not only incremental, but also radical innovation. The difference in
executing the diverse innovation outcomes depends on an ability to interchangeably
apply exploitation and exploration activities (cf. Jacoby & Rodriguez, 2007). It is not
possible to achieve radical innovations via exploitation activities and vice versa. Hence,
the processes and logics are different, although the teams could consist of the very same
people (paper C). Teams are thus challenged in their abilities to manage ambidextrous
situations. If teams apply exploitation activities in favour of the exploration approach
necessary for radical innovation, they might become fixated and only reach a low
degree of innovativeness. Such tendencies were observed in this study (i.e., in the
empirical data from the Innovation Factory). Thus, understanding the difference
between types of innovative projects and the corresponding teams’ ability is central to
high innovation performance in concept development.

5.2

Resolving open-ended problems

The concept development in innovation projects typically embarks from an openended (e.g., wicked) problem situation (Rittel & Webber, 1973). This thesis provides
novel insights on how individuals or teams can resolve open-ended problems. These
types of problems are usually described in a design brief provided to a development
team. Such a description should not include how to solve the problem, but rather
indicate the range of the tasks. The design brief for innovation projects should
preferably be vaguely defined, or defined as a challenge (Brown, 2009), to inspire the
team to go into the exploration activities to test and evaluate a number of alternative
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solutions. The difficulties for the teams are that they have to make a broad search for
relevant information and in parallel create delimitations to understand the situation.
Thus, they have to momentarily narrow their understanding or the problematic
situation (Löwgren & Stolterman, 1998) and then be able to confront their
understanding by widening the scope. It can thus be argued that open-ended problems
are characterised by interdependencies (i.e., the activities of solving one part to disclose
other dimensions of the problem). Hence, an important aspect of resolving such
problems is to account for alternative directions as the understanding emerges (cf. the
Hunter-Gatherer model by Steinert & Leifer, 2012).
The understanding of an open-ended design problem describes iterative activities
such as probe, sense, and respond (Snowden, 2002). Iterations can be said to encompass
the creation of a specific perspective and a confrontation of the same perspective —
that is, framing and reframing (Dorst, 2011). Reframing is a key to not end up in any
type of fixation, which is a decision made too early for the core problem and
consequently is also one of its possible solutions. Being able to reframe and set out a
new direction based on the new understanding is key to exploring and defining openended problems. Frames and reframes emerge in team activities through the
identification of a desired goal; after that, teams decide which aspects to emphasise and
which to hide (i.e., make decisions on what relates to the goal) (Hey et al., 2008). By
the same token, they create not only constraints, but also the criteria for making those
decisions.
These described activities extend the existing view that merely following process
models for product development has certain limitations. Thus, it could be necessary to
adjust to the prescribed processes if new solutions should be found. The resolution of
the problem depends on the problem-solvers’ point of view and has been highlighted in
this study (paper C). This is due to the fact that each problem is different (cf. openended); nevertheless, one respondent clarified as follows: “So we try to follow it [the
described process]. But, then it is still easy to fall into my own way of working anyway.”

5.3

Activities of explore and define in concept development

The probe, sense and respond iterations make it possible for the teams to explore and
define what problem to solve and also what solutions that would actually be valid for
the subsequent detail design and production. Schön (1983) explained that problem
resolution is part of the problem-solving activities; thus, both activities — explore and
define — occur simultaneously. In relation to open-ended development problems, the
following activities were found to be vital for discussion.
5.3.1
Explore
Communication in teams is a key to their exploration of a problematic situation.
Expressions for the creation of frames align with the teams’ communications in the
explorative iterations (i.e., “if…then”) (Dorst, 2011). In this study, such
communications were observed several times. In the problem-resolution activities,
exploration typically describes a probe, sense and response communication in the teams,
for example:
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- “We could…”
- “Ok, that could be done by… “
- “So if we…and …”
In this study, the “if…then” statement was understood as being developed gradually
(i.e., questioning, proposing and reasoning). The first step, like a probe, works as a
trigger and comes from information that is both related and unrelated to the problem at
hand. Triggers need to be created by the teams during the exploration activities. Dorst
(2011) suggested that teams need to focus on the working principle of the solution.
This is conventionally done when the solution is an object, but in the case of radical
innovation, working principles get a wider meaning as the end result does not have to
be a physical object. Therefore, concept development activities could be suggested to
firmly address, for example, the rules, behaviours or conditions that cause the
problematic situation for people. Exploration thus includes acting out physical functions
and creating physical representations of intangible experiences (cf. Bergström, 2009).
Hence, teams must strive to achieve a first-hand experience of the problem and its
context. Sharing and discussing fragmentary and abstract information among the team
are important tasks which develop the idea but also a common language that enables
the exploration activities. In-depth discussions and reflections are essential for the
creation of a common design vision and understanding of the problem at hand. Such
communication primarily elaborates more that it defines.
5.3.2
Define
The problem-resolution activities reveal parts of the problem as the understanding
progresses. Defining what is relevant or not in the design situation (Hey et al., 2008) is
thus vital for reaching a plausible and implementable innovation. The occurrence of
joint decisions is an indication of the emergence of a common grounded definition of
the problem in a temporary form. In this study, such temporary definitions were
observed; typically they can be recognised in expressions such as:
“– Ok, it would not do because…”
“–Ok, it is not … It is…”
Such expressions were typically observed based on confrontations of information from
explorative activities. The defining efforts during problem resolution seemingly bear
with them the intentions to find constraints for the problem, but also to challenge the
temporary definition of it. Defining the parts of the problem, and ultimately the
problem as a whole, seems to depend on the teams’ skills in avoiding fixation with
respect to only applying one perspective of the problem. In other words, innovation
depends on their skills to let the open-ended problem be ambiguous and wicked in
early concept development. If the problem gets concretized in the team, this could
facilitate confrontation. Physical representations provide different reasoning compared
to mental representations when it comes to confrontations due to reducing the risk of
misunderstanding and having observable physical behaviour.
The interconnection between the defining efforts and the exploration is important,
because what is defined pushes the exploration in a certain direction. The team must be
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aware that learning about the problem may be more important than finding the only
valid solution. Focusing on one part of the suggested solution and concretizing it, such
as clustering, merging and explaining constructs, facilitate definition of the open-ended
problem.

5.4

Holistic view on open-ended problem resolution

In this study, I proposed four steps for how teams resolve open-ended problems based
on teams’ exploration and definition activities (paper E), as shown in Table 2. These
steps are useful for understanding the team activity in innovation projects by showing
the importance of the sequence and fulfilment of steps.
Table 2. Resolving open-ended problems

Steps
Key activities

Formulation
- Making
assumptions.
- Formalizing

Concretization
- Linking between
behaviour-structurefunction and working
principle or theme.

Positioning
- Adaption to
context,
interpretation
and purpose.

Experimentation
- Checking, testing,
modify,
reformulating

Ex. of
communication

Questioning:
- We could…
- I think of…

Proposing:
- Ok, that could be
done by…
- You mean like…

Reasoning:
- So if we…and,
…
- Yes, typically it
is, but…

Key
references

Nonaka et al.
(2000)

Dorst (2011),
Gero (1990)

Confronting:
- Ok, it would not do
because…
- Ok, it is not … It
is…
Dorst (2011),
Gero (1990)

Result of step

Soft frame

Frame

Hard frame

Reframe

The formulation step addresses making assumptions and formalizing them into a soft
frame (e.g., defining a temporary understanding of some part of the problem). In the
concretization step, the team identifies key elements, such as the working principle of
an object or a service, and a frame is proposed as a reaction to the soft frame. In the
positioning step, the team makes sense of the frame in a real-world context by
positioning the frame into the problem context, thereby creating a hard frame. The
experimentation step is based on hands-on elaboration to confront the defined partial
problem and to reveal more parts of the whole problem. The outcome of all steps is to
reframe the problem by introducing additional dimensions of the partial problem. The
experimentation step is vital for confronting the frame and creates learning, also when
the teams only elaborate on words and the meanings they associate with the problem.
Achieving a physical outcome makes it possible for the team to compare the result to
their mental representation so the cycle can continue. The steps should be executed in
several iterations until the team can agree upon a problem definition.
The exploration of open-ended problems suggests that the team needs to elaborate
on each step defined in Table 2. Such communication creates links between interesting
things and triggers team members’ understanding. Defining open-ended problems relies
33

Johan Wenngren, Team activities in concept development
on concretizing the communication in each step in Table 2 to come to a conclusion.
Such communication leads to progression and is a basis for understanding. Exploration
and definition also suggest that the team needs to change perspective (i.e., reframe),
which means rephrasing and hence giving directions for new concepts. Such activities
confront the understanding the team has reached and creates learning. Team activities
in the concept development stage are focused on reaching an understanding for the
open-ended problem; thus, supporting teams must take into account that teams are
different.

5.5

Team communication

Problem resolution for open-ended problems in team activities, as studied here, refers
to the interchangeable activities between exploration and definition. I suggested that
teams should develop opposing assumptions to enable different starting positions for the
activities. The openness of the design brief can become a barrier for a team if they
cannot agree upon exploration and temporary definitions. Some implications for team
communication in relation to problem resolution need to be discussed.
Agreeing on an initial temporary definition of the problem is one such implication.
Defining activities and approaching a part of the open-ended problem, instead of trying
to comprehend the problem as a whole, could support a common understanding. Thus,
the suggestion is to start from information that is readily accessible and, from there,
build alternative understandings. In addition, focusing on formulating the rationale for
assumptions — that is, determining what makes one believe in those statements — may
be another implication. One strategy for creating representations of ideas, thoughts,
assumptions, functions, etcetera, may inspire the team’s communication by introducing
several perspectives. This might also lower the risks of fixation on one concept. A
drawback of these suggestions could be that they by default do not promote innovation.
Thus, sustaining an allowing atmosphere is vital for idea generation and creativity. This
means, for example, that teams need to be successful in communicating ideas at
different levels of abstraction, not only at the level of a physical object. Developing
confidence in approaching and tackling open-ended problems may support team
communication. The stepwise procedure is a dilemma for many teams. Teams either
jump to a conclusion and iterate towards that topic (i.e., consolidating the solution) or
endlessly broaden the topics without defining an interesting direction. Thus, supporting
a balance between exploration and definition activities is important in order to reach an
understanding.
The exploration and definition activities can be compared with the converging and
diverging models for design strategies. In the case of innovation projects, particularly in
relation to the suggested steps for problem resolution, converging could also address
defining a set of alternatives. Yet it has been emphasised that the divergent and
convergent phases are based on different ways of reasoning (e.g., Cross, 2008). As noted
in the empirical data in this study, teams need support to both diverge (e.g., explore) as
well as converge (e.g., define). The resolution of an open-ended design problem could
rely on whether or not the team can identify directions, but not solutions (cf. Löwgren
& Stolterman, 1998); thus, openness must be constrained as the team needs something
34

Johan Wenngren, Team activities in concept development
to brace against to enable understanding. In essence, the team’s skills in making
temporary definitions and identifying the constraints may depend on how the activities
are facilitated. Some advice for facilitating problem resolution could thus be to:
• Enable a democratic model for communication. Acknowledge and build
upon each other’s expressions. This facilitates making representations of
assumptions and other constructs and provides triggers.
• Reflect and elaborate on functions or working principles. This facilitates a
corpus of understanding and prevents fixation.
• Identify and confront critical aspects, issues and/or functions. This facilitates a
base for testing and prototyping.
• Make an effort to create physical representations, including for intangible
concepts. This facilitates the probe, sense and respond actions needed to
explore and define.
• Maintain a balance between thinking and doing to promote both reasoning
and temporary representations for insights.
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6

Concluding remarks, contributions and future
research

The final chapter of this thesis presents the conclusions, contributions and suggestions for future
research.

6.1

Conclusions

The research purpose for this thesis was to identify, describe and discuss how teams
explore and define open-ended problems in concept development. The framework for
the studied areas for team activities includes their search for innovative outcomes.
Teams have to explore and define open-ended problems to determine which
purposeful actions to take in concept development. The problem resolution procedure
creates a stepwise understanding of sub-problems as open-ended problems typically
have interdependencies. The activities studied have shown that teams apply
representations before they propose alternative solutions. This makes it possible to
confront their interpretation of the design brief. Representations provide triggers (i.e.,
internal and external stimuli), which are critical for an innovative outcome.
Representations, in this case, are not only physical objects, like rough prototypes, but
also keywords with which the team explores and defines how to confront their
interpretations. A first conclusion may thus be formulated as:
• Confronting the design brief is one essential activity in the resolution of
open-ended problems.
Open-ended problems typically do not have a single correct solution; rather, they
are characterised by conflicts and inconsistencies. Thus, the formulation of what
actually constitutes the design problem has to emerge as ideas for the solution do. To
support innovation, problem-resolution activities for open-ended problems have to
describe continuous iterations. In this study, I proposed a number of steps to support
iterations for learning about the open-ended problem: formulation, concretization,
positioning and experimentation. A start for the iteration is suggested to include
opposing assumptions. A second conclusion may thus be formulated as:
• Iterations, if based on opposing assumptions, sustain several perspectives of an
open-ended problem to be revealed.
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One challenge in particular was noted in relation to the resolution of open-ended
problems. The activities in which resolution and solution are intertwined could lead to
fixations (e.g., the team is satisfied with the first idea they came up with) or the team
jumping to conclusions (e.g., dwelling on details before understanding what really
constitutes the actual problem). Open-ended problems are ill-defined from start, and
the exploration and definition procedure allows for temporary formulations (e.g.,
frame). Yet, if the formulation is not tested and evaluated, alternative perspectives or
directions of understanding do not emerge. So, a third conclusion may be formulated
as:
• Recognising an open-ended problem as wicked provides for elaborations on
alternative directions and solutions.
Teams sometimes experiences ambiguity when not knowing what to explicitly
develop, and it can be said that “just doing something” is better than doing nothing at
all. Experience makes individuals think of preconceptions but also makes it possible to
connect new impressions with solutions. This relates back to triggers and the
importance of creating situations where triggers can occur. Although, in the moment of
making teams may have difficulties recognising what they are doing and for example if
they should diverge or converge. Teams can primarily focus on their own preunderstanding and then assess the potential for innovation, as opposed to logically think
out what could be innovative. To avoid tunnel vision and being narrow-minded,
someone needs to take care of an external perspective of the activities. Thus, a fourth
and final conclusion is:
• Assigning a facilitating role to a team member supports the procedure of
exploring and defining to gain insights into open-ended problems.
In conclusion, it can be suggested that open-ended problem resolution may benefit
from teams developing confidence in approaching and tackling the wickedness. Such
expertise is useful for innovation outcomes.

6.2

Practical contributions

One contribution in this thesis is the suggested steps for iterative problem resolution of
open-ended problems. This work thus contributes to a framework for guidance to
increase innovative outcomes in team activities. The suggested steps may create
awareness among team members and aid them in formulating initial understandings that
it has to be confronted.
The suggested steps also create awareness of why innovative development needs to
be based on a reflective understanding for a problematic situation. Hence, one
contribution in this thesis may benefit the facilitation of creative workshops, since just
following a process is not enough to achieve a creative outcome.
Another contribution to engineering design may be the recognition of how openended problem resolution builds on iterations that not only concern the physical object
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at hand, but also the team’s interpretation of the design brief. This could support
development teams to gain insights into the requirements and needs that have led to a
certain formulation of a design brief.

6.3

Future research

Team support for exploration and definition of open-ended problems needs to be
developed into a method or guideline that can be made operational in a team. Thus,
one suggestion for future research is to investigate in-depth the team and their
constellation. Pre-understanding, assumptions, motivation and orientation are aspects
that need further investigation.
I have touched upon the starting position as a vital issue to overcome for the team.
In relation to this, the development of constraints, or as Löwgren and Stolterman
(1998) indicated, teams must have something to brace against to start the exploration
and definition procedure. Some teams might have a tendency to be too performance
oriented by, for example, addressing only product issues in relation to interpreting the
problem. Another tendency among some teams could be that they are mastery oriented
and, thus, widen their interpretations of the problem, making it hard to define it. For
real projects, teams are mixed; thus, the tendencies are as well. Investigating the topic
to identify a supportive process for making these two tendencies aligning with the
benefit concept development is therefore suggested.
In this study, I identified fixation as a barrier to radical innovation. Yet fixation can
also be interpreted as passion, thereby motivating the endeavour to reach
innovativeness. Such issues are embedded in the individual personality; consequently,
investigations from the social science perspective might be beneficial to understand
what drive radical innovation.
The concepts of frames need to be further researched. I discussed frame and reframe
in relation to the solution to open-ended problems and identified that fixation can
occur in the procedures. However, one suggestion for future research is to investigate
the concept of frames, particularly soft and hard frames.
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Tendencies toward Problem-Setting and ProblemSolving: A Study of Operations Derived from
Motivation Strategies
Charles Cox, Pennsylvania State University, USA
Johan Wenngren, Luleå University of Technology, Sweden
Johan Holmqvist, Luleå University of Technology, Sweden
Åsa Ericson, Luleå University of Technology, Sweden
Abstract: User-centered approaches are a key concern for firms’ innovation practices, while higher engineering
education typically focuses on the technical problem-solving activities. Recently, engineering education has incorporated
team assignments for students where they are encouraged to manage open-ended problems. Yet, many students’ conduct
appears to be “business as usual” and they do not make an attempt to shift their views. Reasons for this behavior need to
be investigated to inform the engineering curricula. The purpose in this paper is to demonstrate the impact of distinct
orientations on an open-ended design challenge in order to highlight differences, which have implications for learning
and education. This study applies familiar educational psychology concepts to the unfamiliar setting of design education,
focusing on user needs and acknowledging students’ orientations as a possible basis for guiding and accommodating
design operations. Engineering design students were divided into two groups based on their individual orientation—
namely the mastery and performance oriented types. The homogeneous groups reinforced the individual strategies and
the effects on their operations could be observed. The distinct orientations had an impact on the open-ended design
challenge. Results indicate considerations for conflicts between solving and setting, which might affect the involvement of
users and their needs as resources in early product development. This study addresses how individual orientations in
homogeneous groups have an effect on user-centered design in open-ended design tasks. Highlighting differences
contributes to understanding challenges in innovation activities. The study indicates that students need different guidance
and coaching to match their orientations.
Keywords: Mastery Orientation, Performance Orientation, Team-Based Design, Innovation

Introduction

T

he success of an innovation relies heavily on the generation of content upfront in the
design process, where the designers start to think about a solution. Schön (1983) stresses
the importance of solving the right problem, that is, to frame the problematic situation
adequately. A dilemma in product development in general, and in innovation projects in
particular, is that the information about the users, their situation and a potential solution are
vague at this stage. There is a risk that designers, in order to solve the dilemma, interpret the
situation in terms of their own wants and desires, leading to solutions they would like to own
themselves (Faste 1987). A recommendation to avoid solving the wrong problem is to go to the
users and learn from their activities and behaviors (e.g., Patnaik and Becker 1999). This approach
is used by a few companies, e.g., IDEO (Kelley 2001) and branded as Needfinding.
However, it can be argued that when this approach is realized in product development there
can still be a difference in preferences. The designers can, for example, focus on an existing
product and how it is used and then search for how to improve the goods as such, or they can
focus on the users, their goals and the context where they act in order to find new solutions.
Efforts at combining these two focuses are rare in industry, but due to an increased acceptance of
qualitative methods (Patnaik and Becker 1999), there could be a window of opportunity for such
a two-sided perspective (Brown 2009).
Since managing user information is more of an explorative effort than obtaining a single
right answer from the user, the efforts to acquire and interpret user data should be supported. If
we assume that the activities of managing user information relate to a designer’s tendency to
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adopt a certain orientation when framing and solving the design task there are possibilities to
study this for the purpose of understanding how the individual’s orientation might affect early
planning and design activities. If diversification is sought for when conducting a design
challenge, making an effort to frame the problem adequately before suggesting solutions is
utmost importance. Solving an open-ended problem involves constraints, trade-offs, feedback
loops, decision-making and other perspectives that cannot be foreseen from the start (Moore et
al. 2013). Designing requires acquaintance and practice with these challenges.
Previous experiments in architectural design education (e.g., Demirbas and Demirkan 2003)
showed that different orientations affect performance of the processes chosen to address a design
problem. Instead of claiming that there is one orientation that optimizes all design processes, it is
crucial that an instructor understand the advantage of exploring a continuum of activities that
challenge the design learners. Collaborative design activities are difficult to teach and need to be
practiced by students, since engineering skills are learned through shifting between theory and
practice (Dym et al. 2005). It seems crucial that an instructor understand how to encourage
students to shift among appropriate learning styles and between different individual orientations.
For example, in design work the behavior of novices has been associated with a sequential
approach to identify and solve sub-problems, whereas experienced designers practice a top-down
approach by exploring the problem-setting before solving sub-problems (Cross 2004; Litzinger et
al. 2011). For novices then to examine their approaches reflectively could prove a benefit to
engineering practice in that if the individual preferences for dealing with problems were made
explicit, a design team could make use of those preferences and direct members having suitable
tendencies into appropriate phases of problem-setting or problem-solving.
To study this, we have set up an experiment with engineering design students and presented
them with an open-ended design challenge. The students were divided into two homogenous
groups based on their individual motivation for approaching design challenges (Pintrich, Marx
and Boyle 1993). The design challenge concerned a simulation of relief in the aftermath of a
recent natural disaster in the Caribbean that had displaced hundreds of thousands people, leaving
them homeless for the foreseeable future.

Research Questions
Pintrich, Marx, and Boyle (1993) divide learning preferences into the two categories, mastery
orientation and performance orientation, their work relates to the earlier work by Dweck (1986).
That is, applying a mastery orientation tends to focus on understanding a task or situation in more
depth, for example to become more knowledgeable about a situation. While applying a
performance orientation, the activities gravitate toward exploiting existing knowledge. Also,
mastery orientation and performance orientation could be seen as having similarities with the
concepts problem-setting and problem-solving as suggested by Schön (1983). Simply, problemsolving builds on the characteristics of exploitation and converging activities (Stempfle and
Badke-Schaub 2002), and problem-setting builds on the characteristics of exploration and
diverging activities (Benner and Tushman 2003).
This study is based on two assumptions. The first assumption is that an open-ended design
challenge is approached by agents having a tendency to, firstly, apply either a mastery/problemsetting or performance/problem-solving. The second assumption is that an individual’s
orientation for mastery or performance, in this study reinforced in a team, has an impact on the
choice of design approach. To understand the impact of distinct orientations to a design
challenge, we thought that teams of all mastery-oriented and all performance-oriented individuals
would more likely demonstrate the reinforcement or suppression of preferences than mixed
teams would.
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This led to the formulation of the following research questions:
x
x

How are mastery and performance orientations expressed as operations in
homogeneously aligned teams?
How would operations inform—by degree or by kind—a user-oriented approach to
a design task?

Methodology
The students participating in this study were undergraduate engineering design students, in an
architecturally orientated program. The students were anticipated to work in groups and they
were bound to assess the assignment themselves. Thus dealing with a high degree of ambiguity,
this is in contrast to most of their other courses where the tasks and assignments are more welldefined. Not everyone feels comfortable right away with confronting ambiguity, and we expected
individual students to cope with this discomfort by resorting to either one or the other of two
fundamental individual strategies.
In the progress of design operations, imposing clarity on ambiguity demands purposeful
engagement and directed effort from undergraduate students at a level that is demanding for
many of them, especially since much of their previous education has directed them toward
defensibly exact answers to well-defined and well-structured questions, typically not at the
discretion of a learner to challenge. And, as Kilgore, Atman, Yasuhara, Barker and Morozov
(2007) point out, even many undergraduate programs in engineering do not deal with design until
the very end of that course work (cf. Atman et al. 1999; little had changed in the intervening
eight years).
The students were all in their middle to last part of a degree program, so they were not yet
experts, but rather experts in the making. This study extended the conditions of those studied in
Cross and Cross, 1995 because we were observing novice designers in teams pursuing an
architectural design, whereas those authors were working with experienced designers working on
a product design. The study was administered in its entirety during a regularly scheduled class
meeting in the project course, in one afternoon, in a workshop format that lasted four and a half
hours. The workshop was divided into three main sessions of roughly equal length, with breaks
in between. Basically, the workshop agenda was inspired by the product development processes
proposed in Ulrich and Eppinger (2008) and Patnaik and Becker (1999). The development
process outlined during the workshop was a simplified model of early stages of design including
user-orientation: user analysis, concept generation, concept selection and prototyping.
MSLQ (Motivated Strategies for Learning Questionnaire, constructed and reported by
Pintrich et al. 1993) was used to divide the students into two groups distinguishing between
students’ preferences, i.e. who would be considered performance-oriented (e.g. excelling in
competition) and who would be considered mastery-oriented (e.g. understand the task in depth).
The section in MSLQ regarding motivation strategies was used in this study. This choice is in
keeping with McKeachie (1995) who posits that orientation is one of three factors that predict
engineering design learners’ performance. The other two factors being knowledge and
intelligence, the analysis of which constructs being of marginal use to this study. How MSLQ has
been used is reported in more detail in a previous publication (Holmqvist et al. 2011). The
students were then formed into mastery-oriented and performance-oriented teams consisting of 6
students in each team.
A short introduction was given in the beginning of the workshop, in which the students were
assigned to analyze and address shelter solutions for people suffering from a natural disaster in
the Caribbean where hundreds of thousands of people had been left homeless both suddenly and
for the foreseeable future. Throughout the workshop, the teams were separated from one another,
although they met in the end and each team made a presentation to the other. The two teams were
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thus provided with an adjacent pair of classrooms in which to begin their work. The two
classrooms were prepared with material that could be of use, such as whiteboards, papers, pens,
etc. The material provided was of equal quality and quantity to both teams. The short
introduction in the beginning of the workshop was intended to be the material from which the
students were to derive their design problem. The introduction included a presentation of a 15minute video, showing an actor portraying a refugee displaced by the disaster, and recorded in
front of a panoramic backdrop view taken from the actual disaster scene. The actor made an
appeal for help to the students, underscored by the threat of further hostile weather conditions.
The video clip was designed to simulate a journalist reporting from the site, the scene being an
interview with a civilian at the disaster area, asking for help. The students also were provided
with a one-page document outlining the situation’s open-ended problematic manner, i.e. there
were no obvious guidelines leading to exact or quantifiable answers. This introduction gave the
students information about the context, but they were free to interpret the problematic situation
into a more precise design problem for themselves.
To aid the work two operations for ideation were presented. The first was one commonly
used for brainstorming, where the participants were told to try to be positive in their responses to
each other’s suggestions, to generate as many alternative solutions as possible, to build on each
other’s ideas, to be open minded, and to contribute actively (Kelley 2001). The second operation
was presented as a simple user-orientated process involving personas (Grudin and Pruitt 2002)
where the students were told to invent and describe a range of typical stakeholders, age,
occupation, needs, etc.
In summary, the researchers scaffolded content operations through the distribution and
review of instructional material, suggesting that one alternative being considered by relief
agencies was a massive importation to the site of rapidly deployable shelters in the form of
shipping containers. Using 20 foot long standard shipping containers as a basis in their design
considerations was presented as a constraint for the task, and the students were asked to
exemplify their solutions using cardboard prototypes.
The workshop was divided into 3 main sessions, called (1) identifying stakeholders and
needs, (2) concept generation, and (3) prototyping and presentation. Prior to the third session the
students first played a computer game simulating a context similar to that of their design
challenge. The computer gamed is provided by the Red Cross (Red Cross 2012) and it was
introduced as inspiration for the prototyping. Then the students made physical prototypes of their
solutions, e.g. drawings, charades, physical artifacts, stories. Thereby, the prototyping activities
can be categorized as rough in appearance, but necessary for the communication of novel ideas
(Brown 2009; Schrage 2000). Parts of the activities in this session, as also in the categorization in
between the sessions, include efforts to compare, assess and evaluate alternatives that would
inform a successive action. As a final step both teams met in one classroom and each team
presented its identified needs, concepts and problem solution prototypes to the other team. The
activities in the sessions were both divergent, i.e., generative in nature, and convergent, i.e.,
selective in nature (Bánáthy 1996), that is operations typically included in design work.
Additionally, each of these categories can deal with both content, as in what is being
investigated, i.e. task-work, and process, as in as in how an investigation occurs, i.e. team-work
(Stempfle and Badke-Schaub 2002). Seen from the perspective of the challenge under scrutiny,
two types of operations could have directed the actions, either exploitation or exploration
(Benner and Tushman 2003). Also, each of these actions can deal with task-work and team-work,
i.e. divergent/explorative and convergent/exploitative.
The researchers, who alternated their time spent with each team, clarifying or otherwise
answering questions related to the assignment, attended all sessions. Likewise, in this study the
questions posed to students were intentionally crafted to be open-ended, which was eased by the
circumstances that no definitive response to the disaster had occurred in reality. Each session was
recorded on video for later analysis, via camcorders located on both team sites. The videotaped
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material provided primary data for analysis. Sketches and students’ notes from the workshop
provide a secondary source of material. The researchers have, as best as they can, made an effort
to increase the quality in the analysis. First, the videotaped material was analyzed in a non-cross
sectional way (Mason 1996). This means that the researchers did not use pre-defined codes;
rather particular behaviors are noted while watching. Notes were taken during the first analysis,
but the researchers did not yet discuss the observations with each other. Second, based on each
researcher’s notes, the sequences found relevant for the study were further analyzed by the whole
group of researchers. Excerpts have been taken from these sequences since they were found to be
typical for the teams’ discussions. The second round of analysis was guided by the categories
derived from not only Bánáthy’s (1996) divergence/convergence, and Stempfle and BadkeSchaub’s (2002) content/process, but also Schön’s (1983) distinction between problem-solving
and problem-setting. These categories were applied to find patterns in the data. The third round
of analysis focused on finding quantitative measures. To do this, researchers kept track of how
many concepts were generated, number and kind of stakeholders taken into account, and the time
spent on user-oriented activities.

How the Teams Explained the Open-ended Problem
Excerpts from the recorded conversation in the workshop are provided to exemplify how the
students reasoned, and these can be seen as typical for the teams’ discussions. Further, the
excerpts are chosen, not to describe the students’ ideas and solutions, but to describe how their
conversations were oriented towards performing a certain task or master the processes of gaining
insights into the user situations.

Session 1: Identifying Stakeholders and Their Needs
The performance-oriented team talked about actors in the situation as sponsors for material, help
organizations, companies that could be solicited, and governments, in other words, agencies and
institutions. They made a list of those actors, but the list did not end up in a description of
personas. Also, they did not feed that information into the design challenge. Instead, they jumped
into solutions after only a few minutes, such as this response to an utterance about how to keep
order during the rebuilding of the society.
B: “Then we need someone that could keep the order, police officers or the like…”
(Performance-oriented, 5.35 min Session 1)
This early and rapid delimitation of the design space in relation to their interpretation of the
task can be observed in several discussions throughout the whole first session in the workshop.
For example, when one of their members suggests including transportation of the containers to
the site as a vital need, the performance-oriented team agreed that investigating roads at the site
was not included in the situation.
F: “What about the roads there, do we know anything about them?”
B: “No, we should not care about that. We should not worry about it.” [The other team
members concur]. (Performance-oriented, 25.05 min Session 1)
The mastery-oriented team discussed stakeholders on another level of abstraction from the
beginning, and thus performed quick iterations of describing the situation in order to establish the
scope for the task. After a short period of silence following the initial search for a scope, one of
the team members suggested:
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G: “Well, can’t we say that people in different ages has different needs? A baby has
specific needs and a middle-aged man has others?” (Mastery-oriented, 5.30 min
Session 1)
The mastery-oriented team’s discussions ended up in a list of people with different skills,
different ages, and different disabilities, and they assigned distinct characteristics and names to a
variety of people affected by the disaster, i.e. they developed personas. Also, the masteryoriented team acknowledged alternative interpretations of the design challenge during the
iterations. The mastery-oriented team started by deducing needs that are shared for their
stakeholders, what the team calls basic needs:
H: “We could go with the basic needs? Needs that everyone has!”
I: “Water?”
G: “Yeah water, definitively.”
J: “Food”
G: “Water, food”
K: “Shelter”
G: “Shelter…and then, all of them, to be sustainable in the future we need to find a way
to earn money, work and, to get a job or something, if they are going to rebuild their
society or… there is a need to for them to earn money to make a living, but I don’t
know.”
H: “Yes…”
I: “Resources”
G: “I guess that they don’t need heat in their homes, but perhaps shadow from the sun?”
[the team takes up the discussion of basic needs again]
[…]
I: “I guess relatives and friends?”
G: “Yes, social needs”
H: “Ehh… do they need education, do they need school? Is that a basic need?
G: “It is not a basic need but the world would probably be a better place”
I: “Yes”
H: “He [refers to the man in the video] said that they don’t have electricity and that they
don’t have sanitary solutions.” (Mastery-oriented, 7.10 min Session 1)
Whereas the performance-oriented team remained confident with their investigation of
stakeholders at one overarching level of abstraction. By this approach, they not only suggested
solutions early on, but also their activities of planning, scoping and user analysis can be
described as convergent/exploitative. From their list of actors, the performance-oriented team
embarked on finding needs of those actors. One of the team members led the session in this
manner:
A: “Ok, what kind of need do we have when it comes to the sponsors? We got to have
containers, and some stuff to make electricity…”
B: “Water?” [the other team members agree, and B continues]. “Water, food, garbage
recycling, sanitations.”
A: “Ok, so how are we going to get water… ehh… just dig a hole?” [the rest of the team
giggles]
B: “Yeah… maybe!… Maybe they don’t have the equipment?”
C: “Probably not.”
B: “So you… build… Can they take rainwater instead?” (Performance-oriented, 7.15
min Session 1)
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All students had been introduced to Maslow’s hierarchy of needs (Maslow 1970) in a
previous course, but comparing how the performance-oriented team managed their discussion on
needs versus how the mastery-oriented team managed theirs show a difference in approaches to
the task. The performance-oriented team did not take the discussion beyond what Maslow
categorizes as deficiency needs, being those fundamental needs that are necessary to survive, e.g.
water, food and in the reasoning of the performance team, garbage handling. They did not think
about future needs or progressively changing needs, e.g. growth needs, like being part of a social
context and knowledge, while the mastery-oriented team went further with such an investigation.
Also, interpreting the dialogue, we find that the performance-oriented team related their
identified needs to physical objects, e.g. shovels, trucks, etcetera. Or to solutions, e.g. police
officers as a solution to preserve order. By doing this, the performance-oriented team made a
direct interpretation of need statements into solutions, skipping the exploration of situation and
people. When comparing these two ways of reasoning, we interpret the performance-oriented
team as focused on solving the given task by addressing the implementation of existing solutions,
and the mastery-oriented team as learning more about the situation to solve the given task by
inventing new or better solutions. For the sake of the assigned design challenge, both teams did
account for stakeholders and needs (to differing extents), and both made an effort to investigate a
situation to find a problem to be addressed, yet their design problems were differently scoped and
planned. The mastery-oriented team spent a slightly longer period of time on discussing the
design challenge, thus performing activities that can be described as divergent/explorative
The performance-oriented team framed the design challenge by focusing on these parts:
x
x
x
x

provide shelter
arrange transportation
move containers
provide a place to sleep

The mastery-oriented team framed the design challenge by focusing on these parts:
x
x
x
x

conditions of living
rebuilding a society
interaction
social areas

Session 2: Concept Generation
The performance-oriented team divided the work among the team members in order to work
faster and three students each focused on two distinct areas, namely water and food/other
material. In their discussion how to divide the areas they seemed to make an effort to state the
boundaries to not enter each other’s area of responsibility when suggesting solutions, but they did
not specify “other material”. Three students from the performance-oriented team assigned to
manage the water problem are discussing how the need for water can be solved:
B: “Ok, we can ship it to the place, drill a hole or collect rainwater. It is these three
solutions…”
C: “Ok, we need water treatment plants.”
B: “Not if we collect rain water. It is clean as it is.”
C: “But… no, shouldn’t you clean it…”
[…]
C: “If we drill for water we need equipment and drills…”
B: “And, you need personnel”
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C: “Information?”
[…]
B: “For rainwater you need…”
D: “Something to gather it in and eventually a water treatment plant.”
C: “And then we need rain, and the question is how often we have rain.”
B: “The monsoon is…”
C: “Monsoon is 1 of April, I read that somewhere before”
B: “They only have two different seasons, monsoon and summer.”
C: “Then we need storage.”
B: “Ok, then we needs big water containers of some sort!”
[…]
C: “Can you store water?”
B: “Yes, in [our country] we use water towers to store water." (Performance-oriented,
9.00 min Session 2)
The performance-oriented team circumscribed the design challenge from the start, but also,
as it seemed, the team found it comfortable to elaborate on only the three solutions that they had
previously identified, i.e. saying “ok” as a response to each other’s utterances indicates
agreement and decision-making rather than investigation of alternatives. In comparison to the
mastery-orientated team, the performance-oriented team confined their discussion to objects,
rather than human beings. This interpretation is based on how questions in the team are related to
the (previously defined) solutions, and as it seemed, as long as the information brought clarity to
the progress of the solution at hand, the team appeared satisfied to accept and incorporate it.
The three performance-oriented students that were assigned to manage the water problem
continued their discussion of how to get clean water to the site. They delimited their part of the
design challenge even further, since they assumed that the remaining 3 students from their team
had already solved a part of their assignment. They then shifted to figuring out how to get the
containers to the site:
C: “But, if they [referring to the other group] have solved the food and other material,
then it is fine. I think the people need somewhere to sleep.
C: “What they needed was to sleep, eat …”
B: “Yes, but, I was thinking on how we transport it there. How we ship it there? How
we transport it?”
D: “But, it depends if we use military tents on a car then maybe...”
B: “…We will ship it anyway.”
B: “So… maybe we are done after all?” (Performance-oriented, 39.06 min Session 2)
The performance-oriented teams’ dialogue is seemingly based on probing whether they had
managed the task or not. Student C is making an attempt to check the list of needs that they made
in the first session, but is interrupted by student B who seems dissatisfied with how they have
managed the transport problem, i.e. “yes, but…”. This can be interpreted as the students find it
important to check that their solution could be related back to the requirements that they had
decided from the beginning, while B found it more important to address the information given in
the design challenge. Any problem that was not agreed upon for inclusion within the task was
then excluded from their investigation.
The mastery-oriented team conducted a brainstorm to find solutions for, as they had defined
the topic, temporary housing for the people in the disaster area. One team member came up with
an idea (student L) and two others (student G and H) then took the lead in the dialogue and
started to talk about how to modify the containers as homes.
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H: “But doesn’t the container get very hot in the sun? ... We have a solution were we
could use the rest of the material as a roof.” [Visualizing with her hands]
L: “Yeah, and there are lots of hillsides on the site that we could use.”
G: “Yes, so we could follow the hillsides.”
L: “Yes”
H: “You mean the hillside…”
L: “Yes if we fold the roofs like this.” [Draws on the whiteboard]
G: “Yeah”
L: “Yes”
H: “And we use these to create houses here…” [Points on the sketch].
H: “Is it possible that you stack the containers like this.” [Points on the sketch]
[…]
K: “Ok, during the rain season I think you must do that.”
H: “Yeah, and during another earthquake it would be better.”
G: “What happens during rain season when…” [Starts to gesture]. (Mastery-oriented,
14.30 min Session 2)
The mastery-oriented team made use of their distinction between solutions, e.g. a roof, and
needs for living inside a modified container, e.g. habitable temperature inside. This team
typically built on their ideas by acknowledging each other’s utterances, and starting new rounds
of ideation to improve the ideas. The mastery-oriented team had another approach in managing
their work: they stayed together as one group throughout the session. Although they had sideconversations two-and-two, after such a discussion, they usually shared their ideas with the
whole group. So, the work was divided, but not the group. For example, on one occasion
different concepts came up in the side-conversations, and this idea was brought up for discussion
by the whole team when gathered in front of their whiteboard.
L: “If we have a container, and that is were they are living!”
G: “Ok, so you mean that, if we stack them on top of each other you can use this area
[pointing at the sketch on the whiteboard] for something else. Since you already have
walls and roof from the container above?”
L: “Yes, it’s a simple construction”
G: “Ok, so you mean that it can be used as a roof?”
L: “Yes.”
[…]
G: “Yes, they can still use this area [pointing to a sketch], and just put a simple roof
here, then you can have a place to sit underneath.”
J: “And… I think we can reuse a lot of material that are taken away from the container”
G: “Yes, I actually like our idea, that we came up with, or that you came up with.”
[refers to an earlier idea]
G: “They are used to live in small houses… so they can use old material to bend it
[gesture like she is referring to a roof] … and then you add small containers that are like
small tunnels, and then they can use them for living as well.” (Mastery-oriented, 10.05
min Session 2)
The mastery-oriented team started to combine ideas into a concept, still investigating
possibilities to refine the ideas. That is, the definition of the task evolved as their investigation of
ideas evolved. It should be noted that the performance-oriented team, despite coming up with
solutions already after a few minutes, did not manage to settle the task before time was called or
before the mastery-oriented team did.
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Discussing Tendencies in the Teams Operations
The mastery-oriented team and the performance-oriented team approached the design challenge
differently and by applying user-orientation differently. A note here is that the study does not
seek to find out which approach is the best, because a mastery orientation is not always superior
to a performance orientation, and vice versa. Also, it could be supposed that an individual’s
orientation is not, and should not be, stable over time. For example, being a design learner not yet
possessing expertise in the area might result in an approach where that individual is more prone
to rely on a well-defined structure, and hence to direct his or her operations to find such a
process. Gaining practical experience in the area might encourage more explorative and
divergent activities, once a structure is now part of the individual’s experiences. It can also be
supposed that an individual might apply a different orientation depending on the task at hand. For
example, in cases where the design task is more concrete, as in incremental improvement of a
thing, it is doable to set up a goal and measurements beforehand. Hence a performance
orientation would probably be an efficient approach. While in the case of creating new solutions
or addressing unknown markets it is not doable to set up a goal beforehand, thus a mastery
orientation would probably be needed.
From the sketches, displayed in Figure 1 below, it can be seen that the performance-oriented
team worked with the transportation problem as their core design challenge to provide housing at
the site. Thus, an interesting phenomenon did happen here: the performance-oriented team did
not apply their knowledge of design directly onto the challenge, either by designing a place for
temporary homes or redesigning the containers. The containers were more or less still containers
in the final presentation, yet used for the purpose to get shelter, eat and sleep.

Figure 1. The Performance-oriented Team’s Storyboard (showing helicopters, boats, lorries, and wheel loaders
transporting the containers, i.e. the solution)

The mastery-oriented team presented their first solution at the beginning of Session 2 in which
they were investigating additional ideas. They made an effort to build a wider picture than just
transportation, by visualizing the relationships between different aspects (see their sketch in
Figure 2). Under realistic circumstances the mastery-oriented team might have implemented their
design of temporary housing including social areas, since they addressed the problem in a much
broader sense, reflecting on possible aftershocks and other conditions on the site. In the final
presentation they had applied some of their knowledge of design onto the challenge. The
containers were redesigned for the purpose to get shelter, eat, sleep and have a social life.
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Figure 2. The Mastery-oriented Team’s Storyboard (showing needs as keywords, problem areas, some sketches of
alternative solutions, and in the upper right corner, a map to visualize relationships)

A comparison of the teams’ operations shows that the performance-oriented team had a
tendency to manage the challenge on an overarching level, applied an exploitation approach to
solve the problem. Hence, such a design approach aligns with a tendency to focus too early on
problem-solving activities, which is hampering for an open-ended design challenge. The
mastery-oriented team managed both the problem-solving activities, but also the exploration of
the design challenge. Such a design approach aligns with a tendency to incorporate problemsetting in terms of user-orientation. Schön (1983) suggested that problem-setting is a part of a
problem-solving process, and that naming things and framing the context, i.e. conducting
problem-setting is not a technical problem. Basically, as observed here tendencies towards one or
the other orientation might occur based on individual motivation strategies, and those had an
effect on how the open-ended problem was approached.

Conclusion and Future Work
The research questions posed were how the individual orientations were expressed as operations
in homogeneously aligned teams, and how such operations informed a user-oriented approach. It
is important to note that the study is delimited to an open-ended design challenge, where
understanding users is of utmost concern. The performance-oriented and the mastery-oriented
team executed the design task differently, and in comparison the mastery-oriented team exceeded
in bringing in a user perspective. The opposite case, i.e., assigning a clearly defined design task
to the mastery-oriented team, could be expected to show shortcomings in how such a problem is
approached. Yet, the study indicates that, in real teaching situations, considering instructions in
relation to the individual operations is not only important for learning, but also not trivial. The
study presented here can thus align how the orientations and tendencies related to the teams’
investigations of the design challenge (see Table 1).
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Table 1. Relation between Orientation, Tendency, and Investigative Approach
in the Design Challenge
Design
Type of investigation
UserIndividual
approach
Solution basis
of the task
centered
orientation
tendency
Performance
Users as
Existing ideas,
Problem-solving
Exploitation
oriented
objects
requirements
Mastery
Users as
Problem-setting
Exploration
Novel ideas, needs
oriented
people
The study has delimitations, not only in terms of number of students involved, gender, the
time available to observe them, and the expediency of adding and losing participants due to the
day-to-day attendance vagaries that plague any course, but also in terms of scope. And,
admittedly, any or all of those factors could have affected our results to some extent, although we
believe that the study indicates interesting issues on operations in open-ended design situations.
Therefore, a number of suggestions for future studies need to be addressed. To increase
trustworthiness from the division into two homogeneous groups, similar experiments have to be
repeated. We have not noted any difference in scale, as in how the operations differ between
what was expected from individuals and what was actually used in teams. This was anticipated as
consequence of using homogeneous teams. Thus, mixing the two orientations into a
heterogeneous team would be beneficial to investigate how both orientations would inform the
design task at hand, and what kind of operations are needed to sustain an effective approach for
user-orientation in product development.
Finally, the MSLQ instrument includes a part that focuses on learning strategies, which we
have not included in our study. But, this is suggested for future research activities. Such an
experiment could inform educational situations in more detail. Moreover, work addressing
students thinking styles, for example, Volpentesta, Ammirato and Sofo (2012) would provide
deeper insights into the practice of interchangeably applying different rationales in project-based
learning situations, and hence will be considered in future studies.
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ABSTRACT
Product-Service Systems (PSS) or, life-cycle offerings, is a challenge for knowledge sharing within
manufacturing industry due to an integration of intangible (tacit) and tangible (explicit) domains. One
consequence is that the engineers have to make sense of abstract customer information in early
development. For this, they need knowledge sharing support. Method developers are employees that
are responsible for in-house development of such support. There are similarities in their contemporary
work practices and some aspects of the development of life-cycle offerings. The aim in this paper is to
draw from the method developers’ experiences in managing acquisition of user information for the
purpose to contribute to knowledge sharing in early development. We have found that the problemsetting approach applied by the method developers could help the identification, analysis and
application of user needs, thus also could be applied to identify metrics/characteristics for intangibles.
Keywords: Knowledge Enabled Engineering, Product-Service Systems, PSS, Knowledge Based Tools
1 INTRODUCTION
In recent time, Product-Service Systems (PSS), i.e., a special kind of service proposition [1], is an
ongoing movement in manufacturing businesses. The main business argument for moving towards
PSS, for both customers and providers, are increased customer value, a long term improved return on
investment, and a more stable cash flow management [2]. Developing a PSS offer implies though that
the firm need to have a life-cycle view and be able to manage the development of both tangibles (i.e.,
product characteristics) and intangibles (i.e., service characteristics) in a coordinated or integrated
development process [2]. A product’s impact during its life-cycle is highly dependent on decisions
made during early development [3].
The focus on “user value” throughout the life period of the offer changes the firm’s innovation
strategy and also the design process [4]. The focus on utilization rather than standalone products,
increase the importance of understanding what is essential for the customer/user in early development,
i.e., it becomes important for product developers to understand the customer’s need in order to meet
their expectations [5]. Further, since life-cycle development takes a longer time horizon into account,
and insist on support to explore and evaluate many more design alternatives, e.g., standalone, leasing
or total offer, the development becomes more intertwined compared to stand alone products. These
kinds of integrated offerings and subsequently their development processes are expected to be
produced in a network of actors, which will add design dimensions such as social and cultural [6].
Although there are many possibilities and benefits by a change of business plan, there are also
difficulties. One difficulty is to capture and formalize experience-based, or tacit knowledge, e.g., user
needs, engineering know-how, lessons learned. Another is to share and make use of such a knowledge
base to benefit the development of life-cycle offers. Simulation and modeling tools such as Computer
Aided Engineering (CAE), Computer Aided Design (CAD) and Knowledge Based Engineering (KBE)
are successfully used in product development today. But, for example, being able to simulate lifecycle characteristics for early decision making whether to go for a total offer or not is a key for the
future [5].
A changed business plan and development of integrated life-cycle offers opens up traditional
boundaries within manufacturing firms. Typically, acquisition of user information is a marketing
responsibility, and the core skills of engineers are to find out how to realize what is specified. The
acquisition of user information for technical product development, naturally focus on generating
requirements for a particular product, e.g., what kind of product features that is required, while
integrated life-cycle offers focus on a more value driven approach, e.g., what kind of functionality or
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performance that is needed. An engineer thus finds that the inputs to the development of life-cycle
offers have radically shifted in its nature, i.e. from concise and product-focused to abstract and
functionality-focused. This radical shift makes it possible to argue that the engineers must not only
possess problem solving skills, but also problem definition skills [7].
To cope with these fuzzy front-end activities engineers have to be equipped with supportive tools and
practices. Mature and large organizations commonly have staff that is responsible for purchase of
computer support, but in high-tech focused organizations there are often people that develop in-house
support for engineers. These people, here called method developers, apply technology pull approach in
some cases, and a technology push in others. Technology refers here to applications, computer support
and expert systems. Technology pull is used to describe a situation when an internal client is asking
for a specific type of solution; cf. the method developer gets a specification and has to solve the
problem. Technology push is used to describe a situation when the method developer identifies a need
within the organization; cf. the method developer has to define the problem and find user needs before
solving it. Applying the framework of life-cycle integration, the intent in this paper is to account for
the method developers’ experiences in managing these two approaches for the purpose to contribute
to a discussion about knowledge based tools for PSS in early development.
2 METHOD
In general, the research project of which this study is part of builds upon an action research approach
[8]. Briefly, an action research approach means that the researchers should be close to the industrial
context and have an open access to the practices. Within the project there is one industrial PhD
student, located on site, and one academic PhD student, i.e., two of the authors of this paper. The case
for this paper is found within the manufacturing company affiliated to the research project.
The research project aims to support PSS development teams to innovate by studying knowledge
strategies, and from those results propose tools or methods to increase heterogeneous collaboration.
One focus for the project is life-cycle knowledge modeling; another is collaborative innovation work
practice.
In particular, the study here is inspired from a pre-study in which three main challenges were
identified. First, it was found that the implementation of a radical innovation approach into life-cycle
offers is necessary, but not clear. Second, the increased degree of intangible aspects will challenge the
development of knowledge based tools. Third, explicit knowledge is typically managed in both
product development and in development of support tools, but how can tacit knowledge be managed?
The empirical data for this study is collected by performing semi-structured interviews, questionnaires
and by scanning internal company documents. The questionnaire was sent to seven product developers
that are users of different knowledge based tools. The questions focused on how, where and with
whom they shared knowledge, as well as what tools they used to achieve this, and was focused on the
personal point of view of the respondents. The questions in the individual semi-structured interviews,
which were performed with three engineers, i.e. method developers, were based on the topic to find
out about their practices. For example, the respondents were asked to describe the rationale, steps and
procedures for developing supporting tools, and also they were asked to describe how they got access
to organizational and individual knowledge. The semi-structured interview provided a broader span of
data. Also, they allowed the researchers to follow a planned theme, and the respondents to freely
formulate their answers, or to diverge deeper into areas of particular interest [9]. The semi-structured
interviews complemented the surveys, and provided themes to emerge. The interviews started with an
open-ended request, e.g., “tell me about your work”; from this story follow up questions was posed.
The follow up questions were built upon words/terms/concepts coming from the respondents. Thereby,
the respondents choose the terminology. By applying this approach, the researcher can encourage the
respondent to go deeper into the area, and to some extent potential biases by the researcher are avoided
[9].
The interviews were recorded and partly transcribed. The researchers first performed the analysis
individually and after that they continued the process in a group. The description of the industrial
practices comes from this initial analysis.
3 A LIFE-CYCLE PERSPECTIVE ON TOTAL OFFERS
A total offer spans over a long time period compared to standalone goods [5]. If the goods has a longer
life time than typical products, the total offer time horizon also expands. A jet engine has, today, a life
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time of over 30 years. So, if developed as a total offer, technologically advanced equipment is
guaranteed during the life time [5]. A total offer for a jet engine is a long term commitment. Thus, the
capability to model properties throughout a longer life-cycle is a necessity. A general view on a
product life-cycle timeline is exemplified in Figure 1. This is a traditional product view focusing on
the products (goods, tangibles) stages of life.

Figure 1. Product life-cycle, adapted from Prasad 1996

Starting at left in Figure 1, the product is planned. Commonly, this is a business/market responsibility
including writing a specification. The specification is handed over to the engineers who have the
responsibility to generate product concepts and find the technical solutions (see the design/process
stages in Figure 1). At this early stage, the engineers need information for the later stages (e.g.,
production, manufacturing, operation and product support) to be able to find viable solutions, reduce
costs and assure easy maintenance of the product. This kind of divided, yet coordinated, process is
useful as a communicative tool [10], but could also separate the information and knowledge from its
actors. For example, an engineer active in the design stage focus on the tangible product at hand, not
on the logistic parts of it, or a service developer might not have information about the production
processes.
To develop viable total offers based on a life-cycle perspective, integrated work across company
borders and knowledge domains needs to be facilitated. A key in this cross-company work is sharing
of metrics that indirectly or directly can be linked to customer perceived values. Examples of metrics
in the production phase that describe failure or out-of norm behavior are; mean time before failure and
reliability checks. In the operation, examples of metrics are: productivity, responsiveness, cost and
time-to-market. And examples from the product support phase are; maintenance, upkeep and warranty
costs [11]. These metrics are still valid for the product part in total offers, though the life-cycle
perspective needs to be addressed differently to incorporate a service perspective. The metrics are
useful for products, but, for example, operation and its metrics indicate that they are not encompassing
enough to cover a life-cycle view of total offers. In particular, they are not meeting user needs of
functionality. Operation in this sense is focusing on the functionality of the product, i.e., to keep it
running, while a total offer aims to provide customer value by offering services. So, if extended to a
life-cycle perspective, such metrics have to be linked to the performance in use and to the customers’
perception of value.
A life-cycle for a total offer have to, in comparison with a traditional product view, follow the
changing customer needs [12] and errors have to be prevented and supported throughout the offers life
span.
4 KNOWLEDGE SHARING AND KNOWLEDGE CREATION
Engineering activities in early phases of product development deals with problem solving on different
levels, managing everything from well-defined to ill-defined problems [13]; [14]. Problems that are
considered well-defined are routine tasks that engineers deals with in their every day work and where
the methods for solving the problem are well-known and where answers can be found easily from
formulas or best practices. Ill-defined problems, on the other hand, demand more reflection from the
engineer. These problems are those that may not have a well-defined problem solving method or an
exact answer, such as customer preference analysis, life-cycle analysis or business model decisions.
Development focusing on new innovative products is closely related to ill-defined problems where the
engineers have to find or create new knowledge [15] but also un-learn or reassess existing practices
[16]. Studies on the creation of an innovation show that both creative and structured features are
central for the quality of the result [15].
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An important guideline for the development of PSS solutions should be that the point of departure is
the functionality that the user is striving to achieve [17]. A development process for PSS benefits from
a customer/user point of view, and if aiming for innovative solutions the starting point should be
solution free. Hence, the input for the process should focus on customer/user needs and not settle the
problem in these early stages. When there is no “problem” to solve, one must consider a process of
definition, or problem-setting [18]. Such process deals with the boundaries of the problem context and
in what direction the situation needs to be changed, unlike a process for problem-solving where the
context is known at the beginning. For the development of PSS both processes are important, but
especially the problem-setting process could be a challenge for engineers [7]. A large extent of the
company’s knowledge base consists of the knowledge of individuals in the organization, which to
some extent is difficult to codify and store [19]. This individual knowledge is commonly categorized
as tacit or explicit, where tacit knowledge can be described as know-how acquired through experience
that is hard to communicate to others whilst explicit knowledge is possible to codify and communicate
[20]. Sharing of both tacit and explicit knowledge is important for a company although converted to an
organizational level by different means [21]. The knowledge of an individual can also be described as
a profile consisting of both depth and breadth, so-called T-shaped persons [16][22]. The specific area
of expertise that the individual posses make up the depth that is needed in order to accomplish for
example, a specific design task, but besides that the individual also posses elementary knowledge
about, for example, other disciplines and the organization, i.e. the breadth. Edeholt [16] describes in
his thesis how a designer, with broad knowledge in many disciplines, interplay with a specialist, with
deep knowledge in one discipline, to develop a new product. For the sake of a good solution, that takes
both persons interests into consideration, the specialist must deepen the skills of the designer within
the same area, as the designer must expand the specialist skills.
5 THE INDUSTRIAL CASE
In the following the empirical data is used to describe the company visions, knowledge sharing and the
method developers work.
The manufacturing company in this study acts in a business-to-business context within the aerospace
industry. They act as a business partner in a globally extended enterprise, and thus have to possess the
ability to act both independently and together with partners in the development of products. In this
business-to-business setting the company operates both as a supplier and as a partner. In recent years
the company was among the pioneers in moving towards a change of business model where the focus
is on provision of functionality. In the beginning, the company named those PSS offerings as total care
products to indicate that this was different compared to the usual business of selling standalone goods.
Taking part in the development of aero engines often implies sharing of risks and revenues where each
project has many partners on different levels of the supply chain and runs for several months.
Typically, in this industry, new engine programs are initiated by a larger original equipment
manufacturer (OEM) that at a system level set the design parameters for the engines. The system level
parameters are governing the development of components in the engine and cause a finite constraint to
what is possible to do for the suppliers. In this framed setting the room for innovation is limited due to
the specification given, the high safety aspects in the aero business, but also because of the position in
the organization [23]. Difficulties can occur when what first appear to be minor changes in the product
requirements on a system level lead to changes in the entire concept, affecting the time plan and
technical solution of each partner’s engine component differently.
Besides the above stated limitations, the company also has to compete against other companies by
delivering components in time, with a high quality and to a low cost [24]. Even though the
possibilities for innovations are limited, it is still a necessity and therefore desirable even in the
product development phase. A recognized desirable quality is the ability to quickly develop concepts
in early phases of product development that to some extent can represent the direction and show the
options that are available and thus create a basis for further decisions. Though they are not yet fully
implemented in the development process, these options can at present be represented for production
methods, material selection, and so forth and are made available through KBE-applications, expert
know-how, and earlier project documentation [25].
In recent years, different add-on services have been more important for the company and are
recognized as a possibility to deliver more value to the customer. Service development, at the
company, is generally something that is done in a separate process after the product requirements are
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set and subsequently not affecting the design parameters of the tangible product. As a step towards a
life-cycle perspective the company wishes to integrate service aspects in early development and
planning.
5.1 Knowledge sharing activities at the company
The progress of application development and the implementation of the result are to a large extent
depending on the communication with the intended users and their work process needs. As a heuristic
rule, the method developers make an effort to put themselves in the user position for the purpose to
make the tool as intuitive as possible. Furthermore there is a need to ask for advice from experts, e.g.
process owners, since the developer does not have all the necessary knowledge about the area that the
application is developed for.
The method developer runs into many different issues regarding applications, i.e. how to identify valid
knowledge, how to capture and formalize the knowledge, how to implement the tool, what training the
user must have in order to use the tool, how to educate the user, which type of traceability is needed
for the execution of the input/output, down to what level of detail and scalability aspects. During
development when faced with technical problems, the method developers seek help from the closest
available colleague within the group. However to gain deeper understanding within a topic the method
developer stresses the importance of individual learning by doing, for their own reflection and creation
of new knowledge. Re-occurring meetings, documented guidelines and instructions found on
collaborative repositories such as team sites or network disk drives support the knowledge sharing
activity within the group.
In general, sharing of tacit and experience-based knowledge at the company is closely linked to the
project and group activities, where verbal communication is a common way. The importance of team
members and colleagues to ask for guidance or help was significant for the company. Email and chat
conversations are mentioned by respondents as one mean for contacting people in the organization
before talking to them face-to-face. The use of project portals, team portals and chat software allow
both horizontal and vertical transition of information such as written text, pictures, presentations, CAD
models, etcetera and make it possible for a more dispersed team or project organization.
Information sharing in larger groups or with the whole organization is mainly done in a formal way
through reports, such as written instructions, lessons learned documents, documents for standards, best
practice documents, or design practice documents, etcetera. Formal documents are vital for some
information, and to some levels of detail, as it is uploaded to servers where employees can search and
keep organized, to various level of satisfaction. Finding specific information on these servers is
perceived as time consuming and is seldom fully accomplished by the engineers since it is easier to
ask a colleague or a former team member.
5.2 Method development activities
The company in this study develops components for jet engines; this is a line of business where safety
is of utmost concern. In turn, this makes it necessary to certify the technologies, the processes, the
production and the utilization of the product. Computer supported tools play a significant role in this
context, since they inherently have the ability to enable people to store, retrieve and disseminate
information. They also provide traceability of the performed activities and the ability to transfer
product and process information upfront in the development process. Here knowledge based tools are
used to decrease risk by planning, simulating and visualizing potential solutions before creating
physical prototypes. These tools must be in line with verified company knowledge, based on explicitly
defined governing processes, design practices, method descriptions and standards as well as from
discussion with officially appointed product- and process developers within the organization.
The development of knowledge-based tools, here referred to as method development, is mainly
pursued as a need based activity at the company. The need based approach can be seen as technology
pull development and in this case a typical scenario are:
•
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•

•

A method developer gather user data about the specific task and seeks an understanding of the
user need, i.e. what is the purpose of the task, what steps are required, where are the
bottlenecks etcetera.
The method developer capture and formalize knowledge contained inside the process in an
iterative application development mode through source code development and frequent testing
of functionality together with the user.

These steps are comparable to the KBE life-cycle [26], namely the steps identify, justify, capture and
formalize. After having developed the application, the developer has an extended responsibility to
package and activate it together with the IT-department in the production environment. Typically this
implies making the application available for users as a service through an application suite extending
the functionality of the CAD environment. The acceptance and success of the application depends to a
large extent on how well it fits in the established development process, the usability aspects and the
engagement from the user. Therefore, understanding the user needs is of utmost importance.
In addition to a technology pull development mode, the method developer can also work in a
technology push development mode. Typically this implies locating an activity that could be improved
or supported, seeking acceptance within the organization and developing an application for
implementation in the company process. In this case, where there can be little or no user data to
exploit beforehand as a basis for further development, the demands on the developer are different.
Here, the development only follows the governing processes, verified by the company, where
documented instructions describe how to conduct the activities. The process documentation is
nevertheless not defined for every activity or at every level, which implies that the method developer
often must solve problems as they emerge, either as an individual or in a team. In general, the steps
performed for a technology push situation are:
•
•
•
•
•
•
•
•
•
•

Gather information about purpose of the activity
Describe how the process works today, elaborates on future process
Begin prototyping, sketch on paper, rapidly create application mock-ups
Functionality development, continuous testing and dialogue with experts and users
When faced with technical or application problems, seeks help from colleagues with similar roles
Final testing, documentation, packaging and preparation for launch
Launch through help of IT-department
Teach users - mainly hands-on at his/her computer
Provide support and maintenance throughout the application life-cycle
Evaluate of application

Important for the method developers’ comprehension of the task/problem is to have an overall picture
and to be able to gain insight into the problem, talk and discuss with other colleagues and experiment
and test.
6 DISCUSSING KNOWLEDGE BASED TOOLS FOR PSS
Here, it is discussed that service aspects and a life-cycle perspective should be integrated into early
development of total offers. The initial engineering activities extend to not only solve the design
problem, but also to settle the design problem. Problem-setting is of utmost importance for the
provision of functionality and added value to the customer. The incorporation of a total offer life-cycle
perspective, including several intangible aspects, is a challenge for manufacturing companies, but
particularly for engineers. Contemporary engineering practices are supported by tools to aid problemsolving, but implementations of tools to aid problem-setting is limited. Generally, the focus for
engineers have for a long time been to solve technical problems and thus manage knowledge related to
that product, e.g. explicit, measurable, and tangible information. By the extension of business models
into PSS and life-cycle offers, the engineers are now faced with the need to manage knowledge related
to customers, their objectives, needs and perception of value, e.g., tacit, contextual, and intangible
knowledge. This new situation is commonly not part of the engineers’ knowledge domains; rather they
are accustomed to solving the problem from interpreting a list of requirements. However, some
engineers have experiences in managing both explicit knowledge and experience based knowledge,
simultaneously identifying and fulfilling user needs. At the company in this study, the method
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developers posses such skills and some issues can be discussed to contribute to the development of
supportive knowledge based tools for life-cycle offerings.
Method developers primarily performed two distinct categories of processes for the acquisition of user
data. The first could be described as problem-solving process, i.e. technology pull, where the method
developers obtain a list of requirements, having an existing work description and specific user data to
acquire. The second could be described as a problem-setting process, i.e. technology push, where the
method developers encounter a problematic situation, develop a deeper understanding of the users and
frame the problem to be able to solve it. The problem-setting process moves towards areas where there
are little or no established practices, and scarce user requirements. For the problem-setting processes
the method developers describe the work as influenced by:
•
•
•
•

The governing development processes
A firm user perspective; empathizing with users
Experimenting and prototyping; based on the user environment
Sharing of experiences, within their occupational role and with users

For elicitation of user need, the method developer have to apply personal and experience based
knowledge about the work to get access to the user perspective. In those situations where the method
developer needs to create a deeper understanding of the problem, they are required to experiment and
prototype to identify tacit user knowledge or get the information from expertise in the specific area.
Since it is not possible for the method developers to learn everything in the specific area, they are
forced to gather information from experts. In that dialog the method developer possess the deep
knowledge about how to formalize the knowledge into an application but does only have basic
knowledge about the expert’s area. Still it is important that both persons can discuss on the same level
of understanding. For the success of the KBE-application, in this case, it is of importance that the
method developer has a wide knowledge base (of the disciplines involved) so that he/she can
understand and acquire knowledge from the expert’s deeper knowledge, but also in order to be able to
broaden the user (i.e., experts within their discipline) perspective. By doing so, the method developer,
can develop tools that support engineers in specific design tasks, for a common goal, without
possessing the specific knowledge that the expert have.
PSS and the integration of intangibles into knowledge based tools implies that the method developer
does not personally posses experiences about the matter, thus could have difficulties to extract
information. Because of this, we argue that the interaction between users and method developers in
early stages of the development of tools for life cycle offers is vital. By doing so, the development
approach aligns with a problem-setting process, where method developers also can suggest appropriate
tools.
Life-cycle offers as such integrates several knowledge domains and competences, thus it seems like a
necessity that method developers actively participate in early support development to acquire an
understanding of the different domains and interests. However, the method developer does not possess
specific service related knowledge; they could by applying a problem-setting process bridge those
shortcomings.
Commonly today, the use of KBE-tools is beneficial and enables elaborating different design
alternatives, e.g. virtually and at low expense since no material will be used for physical prototypes.
The benefits of KBE-tools are non-trivial, for example when being exposed to a change in the settled
product specification. The use of KBE-tools can ease new concept generation and shorten lead-time.
Still, it is so far mainly on a physical abstraction level that these tools are used and to a specific level
of detail. But, for life-cycle offerings, the possibilities to explore, try out, see and evaluate different
solutions before signing contracts or start product development seems even more important. For
example, the company is encountered with a raised requirement and is forced to choose a more
durable material that might be more difficult and more expensive to process. If seen from a different
perspective, it might be advantageous to choose between increasing the product technology level,
increasing the service degree, keeping the product technology level constant, or maybe even lowering
it. What would be the effect of each choice? Therefore it would be desirable to be able to visualize
combinations of solutions, service and products, intangibles and tangibles to support decision making
at all levels in the company. Accordingly, there is a need for tools that handle physical characteristics
and non-physical characteristics that could also support development for more than one physical
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products life span, i.e. during the total offer different solutions could fulfill the user need, see Figure 2.
In contrast to the traditional product life-cycle, see Figure 1, the changed ownership opens up for the
supplier to design products with a new perspective on the different phases.

Figure 2. Total offer life-cycle

To actively and intentionally manage the development of tools for life-cycle offers, the processes for
user need acquisition applied today by method developers could provide a base. But, there is a need to
broaden the method developers understanding of life-cycle offers, particularly in the field of service
modeling. In this respect the method developers’ current type of knowledge, their current use of
technologies and contact network must be expanded, this is by no means an easy task. The success of
the transition is likely to depend on how different knowledge actors within a company team up,
business developers, service developers, product developers and method developers. It can also be
stressed that method development, at the company, is a form of in-house service development where
the method developer holds important knowledge about, for example, user need acquisition, need
fulfillment and implementation in a otherwise firmly technical environment.
7 CONCLUDING REMARK
In this paper, the industrial practices of method developers, i.e. those developing applications and
KBE-tools to support engineers and product development, have been described. Also, a general view
of knowledge sharing activities within a manufacturing company has been presented. Essentially, the
study is performed from a method developers’ perspective for the purpose to draw from their
experiences in managing two approaches. A framework for the study has been the integration of
service and product aspects into the development of life-cycle offerings. The two approaches that
method developers apply are technology-push, which has similarities with a problem-setting approach,
and technology-pull, which has similarities with a problem-solving approach. We have found that the
problem-setting approach could help the identification, analysis and application of user needs, thus
also could be applied to identify metrics/characteristics for intangibles.
Today there are numerous methods for simulating the behavior of tangible products throughout its lifecycle, but for future life-cycle offerings there is a need to extend the knowledge based tools
capabilities beyond that.
For future research, we would like to highlight things that we have not considered in this study. A case
studying a reversed situation could provide new insights, e.g. companies that apply method
development as an integrated part of product development. Drawing from such a study, the method
development could become more proactive, thus be in place beforehand to support future development
tasks. This study is delimited so far as it does not go deep into the life-cycle perspective and the
necessary changes to suit PSS development. What kind of changes is needed if it should encompass a
changed product definition, as is the case with integrated product-service solutions. Finally,
Knowledge Enabled Engineering [25] is part of our research project, thus always an interesting area
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calling for more research, especially the implementation of KEE in a radical innovation contexts
seems utterly interesting.
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Abstract—Changed conditions in manufacturing industries’
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prototypes as part of the learning and collaboration activities.
This paper presents and compares changed conditions between
traditional and novel in general, but particularly exemplifies the
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I.

rough

INTRODUCTION

The integration of two different types of product
development, e.g. improvements of existing commodities and
the design of breakthrough innovations, are today challenging
engineers’ knowledge activities. Traditionally, product
development is from an engineering point of view seen as a
pure technical matter. This could be exemplified by reviewing
how the ‘product’ is described in literature. Commonly a
‘product’ is described as a physical artifact (see for example [1]
[2]). Pugh [1] even conclude that; “It is an acknowledged fact
that all products are manufactured…” (p.148). Yet, more
recent literature acknowledges that the rationale has become
more inclusive, for example Ulrich and Eppinger [3] describes
a product as “… something sold by an enterprise to its
customers” (p.2). The latter example describes the view that
many manufacturing companies have integrated into their
development strategies, namely to offer their customers all
corporate competences in a provision of a more holistic
product. That is, not only selling the standalone goods, rather
also creating a business relationship in which a certain
requested function are designed and delivered. This view is
often exemplified by the Rolls-Royce aerospace business
concept “Power-by-the-hour “ [4], in which the jet engine gets
a redefined service function.
There are companies that have clearly expressed that they
should earn more revenue from services in the future. Those
new services should go beyond the typical engineering ones,
e.g. maintenance and overhaul of the goods. The change in
strategies provides an opportunity to, for example, reach new
markets, create new collaborations and bring forward
innovations. But, the trend to move towards a higher degree of
service contents in the offered goods insists on radical changes

in early engineering design stages, because the opportunity to
let service thinking have an effect on the design and
development of the solution exists beforehand. Adding service
after the development process is related to the traditional idea
of service activities offered on an aftermarket, which means
that services are designed as standalone solutions after the
finalization of the goods. The design and development of goods
and services are fundamentally built upon different logics [5]
and opposing features. Some of the basic differences have been
summarised in service literature, for example in Grönroos [6]
(p.47), see Table I.
TABLE I.
Physical goods

Services

Tangible
Production and distribution
separated from consumption
A thing
Core value produced in
factory
Transfer of ownership

Intangible
Production, distribution and
consumption simultaneously
An activity
Core value produced in
interactions
No transfer of ownership

The controversial debate on the differences still exists in
the research on product-service integration, but turning towards
a higher abstraction level seems to be a better model to
describe needed changes in manufacturing industry. Grönroos
[7], nowadays, define service as an outward orientation of
product development:
Service is to facilitate and support another party’s
practices (processes, activities; physical, mental) in a way
that helps this other party achieve its goals in life or
business.
Based on such definition, service is not an activity but
rather an internal/external attitude and stance towards
collaborators. Any execution of a strategy based on service
orientation in manufacturing companies challenges the
traditional work procedure by introducing ‘another party’ as
early as possible, e.g. user, stakeholders or customers. That is,
external parties should also be involved in planning and
conceptual design, not only in detail design and product
launch. In the end, the engineers’ cognition or mind-set, i.e. the
engineers’ capabilities of applying different rationales and
processes for the sake of frugal product and service innovation,
are truly confronted. Basically, the transition to service
orientation in manufacturing industry calls for attention how to
support radical thinking and learning for innovation. This paper

is inspired from previous research finding that manufacturing
industry engineers’ perception of prototypes seems to be one
barrier for turning to service orientation. It can be assumed that
a change in the engineers’ perception of prototypes and an
extended view of prototyping could be agents that support the
transition to a new rationale. Therefore, the paper’s purpose is
to discuss those matters, i.e. the introduction of rough
prototypes and prototyping as a way of collaborative learning
in early product and service innovation.
II.

PROTOTYPES

There are different engineering fields and of course
prototypes are differently perceived and used. For example,
user interface developers commonly use low-fidelity
prototypes, e.g. paper mock-ups and sketches, and such an
approach is learnt already in education. User interface
developers have to work closely with programmers and in such
collaboration the opposing views of what constitutes a
prototype are a barrier. In one project that we have followed,
the team of programmers and interaction designers found out
after two months that they meant different things when they
have decided to make one prototype and compared their
results. That miscommunication delayed the project.
Interaction design is young domain sprung out of the
evolutions in ICT, in which the use of paper mock-ups and
other low fidelity prototypes have been established in parallel.
Even though, there has been a lively debate about prototypes
and their completeness, how realistic they should be and
whether or not they should be reusable to be effective [8].
Nevertheless, suggesting that there are different types of
prototypes is even today met with doubt from the engineering
designers. Most of them state that: “There is only one sort of
prototype!”, indicating that the so-called pre-production
prototype represents their perception of what constitutes
prototypes. A pre-production prototype is a representation of
the final specification of components and is commonly used in
field tests with customers. However, the doubt is based on an
assumption of what they from the top of their head perceive as
a prototype. Thus, demonstrating more a limited awareness of
design and development activities than being against the core
idea of rough prototypes to progress insights.
TABLE II.
Low-fidelity
Pros

Cons

High-fidelity
Pros

Low cost

Limited error
check up

Fully
interactive

Proof-ofconcept

Poor detail
specification

Complete
functionality

Identifying
user ideas

Limited
usability tests

Evaluation
of various
concepts

Limited utility
after
requirements
established

Look and feel
of final
concept
A living
specification
for one
concept

Cons
Expensive to
develop
Inefficient for
proof-ofconcept
Time
consuming to
develop
Not effective
for gathering
requirements
or needs

The differences between low-fidelity prototypes and highfidelity prototypes have been summarized by [8] see Table II
for some differences. Examples of low-fidelity prototypes are:

 Storyboards or scenarios; describe how users use the
existing product (incremental innovation) or describe the
problems users encounters (radical innovation) in a specific
environment.
 Quick idea sketches; simple line-work no details, e.g. stick
figures or napkin sketches.
 Skits; acting out and experiencing the problem from a user
perspective.
Service literature and research pay limited interest in
prototypes and prototyping, as is also service industry. Yet,
acting out the service and its customer touch points in a skit
quickly identifies malfunctions in the service flow.
A number of engineering design teams have been followed
and it was found that they actually used an array of prototypes
in early stages [9]. In those studies, a prototype is a noun and
defined as “…a physical instantiation of a product, meant to be
used help resolve one or more issues during the product
development.” (p.834) [10]. The prototype should thus aid
abstract concepts or otherwise intangible ideas to turn into
concrete and tangible representations. In the studies [9] it was
found that engineers used embodied representations, e.g. used
their hand, arm and elbow to symbolise the joints and
movements of a digging excavator, and designers used every
day objects, whatever they could find in the room, to make
really simple representations of the suggested concept, for
example balls in different sizes were used to experience the
dimension and rotation of a solution. Moreover, design teams
also used metaphors to concretize their ideas. Low-fidelity
prototypes do not require that the person presenting them
possesses design, development or technical skills. This makes
them, not only useful for mixed design teams, but also utterly
useful for making users/customers participate in planning and
idea generation [11].
It has been found that prototypes that appear to be finalized
– as preproduction prototypes usually do – do not provoke
innovative suggestions or radical changes when demonstrated
[12]. Yet, they are utterly useful for ‘hands-on’ discussions to
demonstrate shortcomings and show feasible changes on the
existing features. The use of prototypes serves four main
objectives (adapted from [11]):
1.
2.
3.
4.

Learning, to build new knowledge and to test existing.
Progression, to concretize the development process.
Integration, to test interfaces and touch points.
Communication, to make ideas tangible and to build
shared design visions with internal and external actors.
In view of the above objectives, the prototypes’ actual
appearance is not in focus, but rather that different prototypes
are used by the engineers in the prototyping activities [11].
III.

PROTOTYPING IS LEARNING

Acknowledging the strength of the incompleteness of early
prototypes is confronting a traditional product development
rationale, but is in innovation situations core competence.
Reducing ambiguity and reducing risks are critical for
production while it is the fuel for innovation in early stages.
Prototyping in early stages is not to finalise a solution, but to
learn about the ideas strengths and weaknesses and to find
direction for the next steps [12].

Exploitation of existing offerings and existing users, and
exploration of new offerings and new users, and are two types
of different innovation opportunities that also represent distinct
logics [12]. Exploitation, which goal is incremental
improvements on existing solutions, is based on an executionfocused process. Here the team has a clear view of the
constraints, e.g. what product that should be improved, and the
team needs to possess the skills to navigate directly from the
problem description to product-launch. Exploration, which goal
is revolutionary solutions, includes the management of a very
open-ended design situation. Here ambiguity and incomplete
information are typical, but also beneficial [12]. Typically, the
team has a frame of reference representing, e.g. a customer
problem or a technological area. In opposite to the utilization of
an existing product, the exploration opportunity do not have
clear constraints, i.e. it is not a defined design problem, but
rather a design challenge. So, the team has to possess the skills
to embrace ambiguity and not make a design ‘freeze’ before
alternatives are investigated and their advantages and
disadvantages compared to customer requirements/needs are
assessed. Often radical innovation also benefits from
investigating solutions that are not at all wanted of users, just
for the sake to better understand their preferences [13].
Two student project teams were studied when they were
given different design challenges [14]. One team was assigned
to solve a problem related to 3D printing, more precisely they
were assigned to use ice as filament. In some senses their task
was technical, since they knew how a 3D printer works, but
they also had to simultaneously meet the needs of a potential
and still unknown market. The other team was assigned a very
open-ended design challenge, but had a client providing an idea
of the market. This team’s task was to develop something that
met ecological sustainability in a futuristic perspective and that
something should be a solution for the evolving market of
commercial space tourism. The teams were hence confronting
true innovative opportunities, but were not provided a product
specification or given a work order for what to do. This fuzzy
unclear situation is not what a traditional engineer prefers.
Instead of starting with solving a technical problem, the teams
had to frame their challenges and define the core problem, i.e.
settle what problem that the team should solve. Typically, in
innovation settings the problem area is wide and there are
several ‘right’ answers [13], thus exploration of alternatives is
a key for learning about the challenge. A key concern for the
studied student teams was where to start and it was obvious
that they were out of their comfort zone, however it should be
noted that the teams were assessed as successful by a teaching
team in the end. Both teams did experimenting and exploration
supported by prototypes. The 3D printer team was using
technology to frame and reframe the constraints for their
challenge. The space tourism team was using associations for
different topics and developed their constraints from keywords
before they turned into rough prototyping to learn more. A core
lessons learned by the two teams was to “just start
somewhere”, and that talking about and thinking out a solution
is not possible if you are inventing new solutions. Doing and
reflecting while experimenting with a range of concepts are at
the heart of innovation practices (cf. [16]). The possibilities to
fail are important in a learning process. Failures render new
insights and the use of low-fidelity prototypes make designers

dare to test, fail and learn. A key perspective for the provision
of intertwined product-service innovations is to start from a
true user orientation, but such perspective is not part of
traditional product development. Engineering design activities
hence need to modify processes, methods and tools to
visualize, not only one but several, ideas and concepts. It is
also vital that the collaborative idea generation process
incorporate those who will use the solution.
IV.

VIRTUAL PROTOTYPES AND PROTOTYPING

CAD tools and similar, which can be seen as support for
high-fidelity prototyping, are established in large
manufacturing companies. Still, such tools have delimited
applicability in early design stages. That is, they support the
design process after the product’s constraints and thus also the
candidate solution has been decided. Often engineers have to
do temporary paper and pen sketches and drawings as a way to
communicate their idea before the CAD-tools can be used.
Importantly, established engineering tools do not support the
engineers’ capability to integrate the distinct rationales of
product and service thinking in idea generation stages.
Suggestions to add possibilities to include some aspects of
value visualization in concept development in 3D CAD
environments have been done [17]. Still earlier idea generation
and innovation can be limited addressed by enhancing existing
engineering tools in solitude. The increasingly digital social
and business life in 3D is discussed in [18] and it is emphasised
that people’s knowledge, and thus cognition, is in 3D. Key
features suggested for 3D Internet are, for example, userfriendly indexing machine, intuitive and multimodal input
interfaces that offers natural interaction and inclusion of media
sustaining content to be created and manipulated by users [18].
Putting similar requirements on certain types of engineering
tools would make it possible to put together mixed
competences in design teams and all could create, discuss and
evaluate concepts in product development, that is they do not
need to possess core engineering skills. However, many large
companies develop and/or improve engineering tools in-house.
The tools are often so called heavy weighted technology that
addresses more product (artefact) issues than engineering
design thinking and radical innovation. Yet, progress within the
area of virtual reality seems promising for an improvement of
CAD tools. For example [19] demonstrate how large-scale 3D
visualization systems can support global and distributed
engineering work, simultaneously providing possibilities to
connect to users and customers. Such work support concept
development, while idea generation is not as straightforward.
As argued above, idea generation and innovation are stages
that include, and benefit from e.g. incompleteness, ambiguity
and exploration, that make sense making among the developers
an urgent matter. Snowden [20] has developed a conceptual
model for sense making that compose of three different
systems, i.e. complicated, complex and chaotic. Complicated
systems are those in which components are knowable and
definable, i.e. causes and effects can be traced and linked.
Complex systems are those where the components are
changing and hence causes and effects cannot be separated
since they are intertwined. Chaotic systems have no
recognisable patterns of causes and effects and are in a state of

constant flux. Radical innovation relates often to chaotic since
there are no right or wrong answers in the beginning and that
the design challenge depends on how the team interpret the
situation. The sense making model represents different types of
problems and how a human development team approach the
problem and how they make decisions, but depending on
people’s distinct skills and expertise the situation are
experienced differently.
The path from idea generation to concept development can,
especially in innovation settings, be thought of as gradually
building up information and knowledge, starting from a hunch
that progressively are turned into several ideas that needs to be
explored and evaluated. Often several candidate ideas are
combined and built upon before they can be considered as the
product/innovation idea. In such idea generation process
prototypes are of the low-fidelity, rough type. They are quickly
developed and they quickly vanish or lose their meaning after
they are used. In such fast learning process, the low-fidelity
prototypes or rough ones are invaluable. And, as is there is, to
our knowledge, very limited support for the new type of
engineering services. Hence, there seem to be a ‘white spot’ in
tool support for new types of manufacturing companies. A spot
that can be addressed by CogInfoCom field.
We argue here that prototyping should be regarded as
“playing” with cognitive artefacts, those are often more
relevant to the exploration and learning about the final product,
than being the actual representation of the final product. The
stages for prototyping are thus before detail design, and not as
much in the later stages of product development. Interpreted by
using CogInfoCom terminologies prototyping in this case can
be seen as a sort of representation-forming communication, or
representation-negotiating communication. When the design
team has a broadly shared view of the new product’s
constraints, the communication in prototyping can be seen as a
sort of representation-sharing and representation bridging type
[21]. Further, the idea of prototyping as related to these types
of communication could be merged with the concept of
CogInfoCom channels. Channels are ordered sets of icons and
messages [22], investigating prototyping from such perspective
could lead to identification of re-current icon and message
types. Since CogInfoCom channels are the bases for the design
of multi-sensory signals, i.e. important for communication of
high-level information to users, such investigation of
prototyping could benefit both areas.
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Firms seeking radical innovation require development teams to articulate design solutions based on
open-ended problems. Such problems have no single answer to the problematical situation, but
have several plausible solutions. Although prior studies have highlighted the importance of
prototyping or other methodologies, they provide limited guidance toward addressing open-ended
problems. We investigate how teams make sense of complex design and development problems in
order to benefit innovative endeavours. The results illustrate a team-level concept development
model that identifies critical stages, associated activities, and influencing mind-set to explain how
engineering teams overcome challenges associated with open-ended problems.
KEYWORDS design thinking, innovation, concept development, prototyping, open-ended
problems, early development stages

INTRODUCTION
Innovation is a multifaceted concept, but is usually associated with developing
something new or novel. The meaning of “new” is complex because the extent to
which a technology or product can be new for one company or individual can vary for
others. Garcia and Calantone (2002) found 15 different uses of the term “innovation”
in a literature review along with at least 51 different variations. Thus, it might be
better to describe innovation in terms of activities rather than debating about an
absolute definition. Drucker (1998) concluded that innovation activities are the efforts
to create meaningful and focused change in a company’s economic or social potential.
Jacoby and Rodriquez (2007) proposed dividing the innovation activities into
exploitation and exploration strategies. The exploitation strategies are associated with
early development activities that are directed toward commercializing marginally
improved products. In contrast, exploration strategy tends to be associated with
disruptive technological or radically improved products. The effect the two strategies
have for the firm can typically be linked to the different risks and barriers they imply
(Frankel, 2003), the influencing factors for their origin (Hausman, 2005), and how the
outcome relates to the success (Heunks, 1998). In the present study, we focus on
radical development or innovation and as such represent a greater degree of challenges
for engineering teams. This area of inquiry is largely under studied (Faste, 1987; Jacoby
& Rodriguez, 2007).
Firms are increasingly emphasizing radical development often because they
must meet environmental, economic, and social business criteria with new solutions.
Firms and industries are under greater pressure to expand their pre-existing knowledge
base and explore a range of novel, sustainable solutions (Könnölä & Unruh, 2007).
Another driver of innovation is the industrial transformation toward offering resultsoriented solutions, instead of standalone physical products or services (Tukker &





Tischner, 2006). These trends call for efforts to address engineering problems that are
open-ended compared to what has been addressed in past. In new product
development, the initial stage in which a design brief is completed is referred to as the
fuzzy front end (Khurana & Rosenthal, 1997). Concept development is commonly
used in engineering design to label all the activities that start from the design brief and
include collecting and prioritizing information related to the design challenge and the
efforts to turn those ideas into a set of alternative solutions, that is, concepts. Fuzzy
front end and concept development are partially overlapping descriptions of activities
that occur in the early stages of new product development. Nevertheless, during
concept development, engineering teams need to possess skills to manage radical
innovation settings by defining unknown problems and developing or solving novel
solutions that are largely uncharted.
The purpose of the present study is to investigate how engineering teams
understand open-ended problems and developing radical solutions during the concept
development stage. More specifically, we attempt to identify and describe activities or
steps engineering teams take in order to develop a descriptive, cohesive model that
explains key features in the early stage of product development. By addressing these
questions, we contribute to product development literature (Khurana & Rosenthal,
1997) by introducing the design thinking approach (Brown & Katz, 2009). We focus
on team-level analysis, which has been largely overlooked by the product development
literature due to its focus on defining high-level activities related to the stage-gate
model (Cooper, 2008). Understanding team-level activities in the concept
development stage is important in order to give organizations the ability to develop
radical innovations. A goal for the present research is hence support for team activities
that take into account aspects of radical innovation. Although such support contributes
to innovative team activities in general, we primarily provide insight into concept
development activities for radical innovation compared to the largely studied realm of
incremental innovation. The challenges engineering teams face when attempting to
address radical development are significantly different and complex. Thus, the present
study is delimited to activities related to complex, open-ended, product design
problems, but attempts to contribute to concept development in both design thinking
and the contemporary product development literatures.

OPEN-ENDED PROBLEMS
Engineering teams are increasingly required to address open-ended or wicked
problems (Rittel & Webber, 1973). When managing an open-ended problem, there is
no single answer to the problematic situation, but several plausible solutions (Coyne,
2005; Hyman, 2002; Volkema, 1983). This holds true particularly for new concept
development related to radical innovation (Baer, Dirks, & Nickerson, 2013). Concept
development includes both “unknowns” and “knowns” and to create an
understanding of the problem situation, the team must agree temporarily on certain
conditions. Kurtz and Snowden (2003) created a sensemaking framework, called
Cynefin, which illustrates that characterizing open-ended problems relies largely on
the team members’ capabilities to depart from old ways of thinking and find powerful
interfaces between ordered and unordered domains. Cynefin questions the
expectations of cause and effect, rational choice, and intentional capability in human
interactions. It shows that it is insufficient to approach an open-ended situation
believing that there must be one right or one ideal way of understanding the situation;
that decisions are made by people who possess complete information; or that we




ourselves accidently do things, whereas others do things deliberately (Kurtz &
Snowden, 2003). Consequently, it is important to know which approach to use
depending on the desired outcome. For example, if the goal is a new solution, the
approach must be directed toward obtaining new knowledge. Thus, focusing on how
engineering teams understand open-ended problems represents a relevant area of
inquiry.

Concept development activities
The concept development stage is characterized by exploration activities in a particular
direction (Ulrich & Eppinger, 2012); as such, it has the power to decide the outcome’s
degree of innovation. There are different activities that fall within the concept
development process (Cross, 2000), but the overall steps are similar. These steps
include beginning with a description of a problem, generating several ideas, and
aggregating those ideas into a cohesive description of a plausible solution, that is, a
product concept. It can be argued that initial concept development activities have
more to do with problem-setting than problem-solving (Cox, Wenngren, Holmqvist
& Ericson, 2014), which builds on the idea that teams should avoid being too
solution-focused from start. However, the activities connected to concept
development deal with the progress of problems and solutions simultaneously.
Understanding the problem and the generation of plausible solutions are connected;
they cannot be separated (Schön, 1983). Yet, the literature stresses that the cognitive
efforts of understanding the problem should aim to make sure that the “correct”
problem will be solved (Schön, 1983). This means that design teams are challenged to
be open-minded, to confront the design brief, and to avoid making decisions based on
too little information (Brown & Katz, 2008). Consequently, the recommended way to
reach output is to broaden the design brief and not take it for granted; that is, to turn
the brief into an open-ended problem by seeking additional knowledge. The concept
development activities engineering teams apply tend to be diverse and divergent.
Expanding insights during the underlying sequence of process steps could ensure
higher success for teams to address radical innovation requirements efficiently. The
present paper thus attempts to identify and define different activities that can be
associated with open-ended design problems in concept development.

Framing and reframing activities in concept development

Research has identified that concept development activities for radical development
should be guided by an alternative mind set favouring social activities and human
behaviour, and should also embrace ambiguity. The challenge is to make such
information noticeable within an engineering team (Meinel & Leifer, 2012). In this
direction, the use of frames to explain knowledge acquisition and creation is
commonly evident in the engineering design literature, but the term does not originate
from this area. Earlier literature labels the phenomenon of understanding a problem as
frames. Schön’s (1983) reflective practitioner is seminal work that continues to inspire
research in the engineering design discipline. Valkenburg and Dorst (1998) also used
frames to describe design activities. Hey, Joyce, and Beckman (2007) built on frames to
explain how teams negotiate and share information or knowledge. They also described
frames as delimitations or perspectives that are explained to have greater meaning in a
team. The work of Gero (1990) and Gero and Kannengiesser (2004) clarified that
engineers make a strong connection between a physical object (structure) and its
corresponding behaviour, for example, a door hinge and a rotation around an axis.
Such connections are important in order to suggest a range of solutions, but also a
cognitive barrier to incorporate alternative perspectives and delimitations, such as




human needs and human behaviour (Faste, 1987). It can also be said that all past
experience is important for how humans comprehend new situations (Nonaka,
Toyama & Konno, 2000). Dorst (2011) put frames into a criticism on design thinking
(Brown & Katz, 2009) and explained how frames are important to changes in mind set
and to find solutions to different types of open-ended problems. Dorst (2011, p. 525)
stated that frames can be observed because they are “…often paraphrased by a simple
metaphor…,” but also that frames are “…very complex sets of statements that include the
specific perception of a problem situation, the (implicit) adoption of certain concepts to describe the
situation, a ‘working principle’ that underpins a solution and the key thesis….” Dorst (2011)
suggested teams could recognize framing and reframing in activities by looking for “If?
Then!” expressions: “If we do…, then we can….” Such iterative probing of the
challenge, that is, framing and reframing, is one of the activities engineers do to
retrieve information about the problem and possible solutions (Dorst, 2011). Framing
and reframing are such utterly important activities that Patnaik and Becker (1999)
concluded that if not confronting the design brief, engineers will jump into solutions
and hence create a perspective lock-in and subsequently solve the wrong problem. In
the end, this approach risks missing an innovative outcome. Today, research and
industry describe a paradigm shift in the manufacturing industry in which the increased
innovative capabilities of engineers is important to provide service offerings (Parida,
Oghazi & Ericson, 2014; Ericson, Johansson & Nergård, 2015). The design briefs for
service offers are growing apart from the contemporary technical design problems;
indeed, overseeing and anticipating several different alternative concepts are likely to
become even more important, as opposed to an optimized conventional process.
Studies on the activities to frame and reframe in such open-ended problems are limited
and call for further inquiry.

RESEARCH APPROACH
The empirical data in the present study originates from two types of empirical sources,
mainly focusing on qualitative input (Denzin & Lincoln, 2003; Yin, 2003). The first
source of data is found in a student project course in mechanical engineering. The
course prescribes radical development activities as a topic. The students in the team
were fairly homogeneous in terms of educational background. The second data source
is found in a workshop format called the innovation factory (Innovationsfabriken in
Swedish). The workshop has a client, and any sort of student, citizen, or employee
from a diverse set of firms can sign up to participate. The workshops are thereby open
for a heterogeneous combination of participants. The present study deliberately chose
to use an in-depth methodology in order to focus on the teams’ activities. The
research data for the present paper were collected in a design experiment setting,
through observations (Eisenhardt & Graebner, 2007); by gathering material created by
the participants, such as logbooks, presentation materials, or physical prototypes; and
by informal communication with the teams (Kraut, Egido & Galegher, 1988). In the
workshop data also came from an evaluation form sent to participants and company
clients. During the data collection stage, researchers used notes and logbooks to store
and keep track of data (Denzin & Lincoln, 2003).
A utilized concept development process consisting of four simple stages
(inspiration, immersion, idea generation, and implementation) was used as general
instructions for both the course and the workshop (Bergström, Ericson, & Törlind,
2010). The process primarily prescribes diverging activities, that is, exploration, but
also converging activities, that is, exploitation, in order to seek information and




knowledge about the problem and its potential solutions. As such, the process addresses
concept development, from problem setting to a settled design brief. It does not
capture, however, subsequent stages such as detail design and production.
Studies and data within the course setting were collected over several courses.
However, the two teams from the class in 2014 were selected as an example for the
present paper and were followed during the entire course span of eight weeks. The
selection emanated from reaching maturity in observed qualitative data. In other
words, a pattern became clear, but we were also able to observe the two teams
consistently and create a deep understanding of their activity in line with a qualitative
approach (Denzin & Lincoln, 2003). Each student team consisted of seven master’s
level students from the mechanical engineering program. All were males in one team
(here called Team Snow), and four males and three females comprised the other team
(here called Team Space, as in outer space). All students taking part in the course are
assessed with respect to their teamwork preferences. Teamology (www.stanford.edu), a
method developed at Stanford University, was used to make the assessments.
Teamology is a repeatable method that groups people into effective teams by
addressing their preferences for decision making and information sharing. Thus, the
two teams, Snow and Space, were devised based on preferences related to the
Teamology criteria rather than in accordance to their own choice or matching
homogeneous experiences. The student project assignments were presented when the
teams were determined; the students then had to announce their interest for
participating in the different projects. Team Snow and Team Space were formed based
on the students’ first and second choices, but in line with the results of the Teamology
test.
The teams each received two different assignments, but both were given a
written design brief on one A4 page. The text presented background and a perspective
captured in a question or in a theme. Team Snow was presented a challenge related to
three-dimensional printing technology (3D printing) including describing the
opportunities for a totally new market. An example statement read: “How can largescale 3D printing be accomplished using snow and ice as construction material?” The
challenges for Team Snow concerned the printing material and up-scaling the
technology. Team Space received the theme of “space” as inspiration, and the
challenge was to consider sustainability in relation to that. Since team Space was
challenged by a high degree of unknown factors, they were presented with a client as a
sounding board—an organization offering commercial space flights.
Despite the different degrees of openness in the problem formulations of the
two design briefs, both teams had to start by clarifying the tasks. Both teams reached
concept development within the time limit of the course, succeeded in developing a
settled design brief, and ultimately presented a novel concept. The teaching team,
consisting of several teachers from different disciplines, and the client assessed the
degree of success. The role of the researcher (the present paper’s lead author) was
aligned with the role of being a teacher in the course. Data from the students in the
course consisted of individually written logbooks, presentations from pulse meetings
(short, focused meetings), participatory observations, physical prototypes, and informal
dialogues.
Fourteen workshops have been studied since 2013. For the present paper, eight
of the workshops were selected to exemplify the concept development activities. The





eight workshops were held in 2014 and were also selected based on maturity in the
data. The workshops were a full-day activity, running from 9 am to 6 pm. A prize is
presented to the team that devises the most radical solution. A client establishes a
specific theme and the particular features for assessing the radical solution. The client is
also responsible for making the final decision and announcing the winner. The client
can come from any type of firm (e.g., service, product, processed material), any type of
organization (e.g., municipality or government) or from any type of educational
institution. The participants sign up in teams one week before the workshop is
conducted. The client is instructed to present an open-ended design brief. Staff from a
business support organization connected to the university facilitates the workshops.
The role of the authors for the present paper was thus mainly connected to research.
The teams used templates (on A3 sheets of paper) to present their ideas, first an
interpretation of the design brief, second their intentions and focus, third some
alternatives, and fourth a final decided concept. The final presentation consists of a
paper mock-up of the concept. The templates were gathered to capture particular data
from the teams, and participatory observations and discussions with the participants
were used to supplement data from the templates. Each workshop is followed up with
the client in a debrief meeting and in a survey. The workshops’ participants and the
researchers sign a contract stating that the results cannot be spread to a third party, but
general, anonymous information could be used for research publications.
The empirical data from the workshops and the course was collected and a
timeline of the activities in the different teams was created. Data was transcribed into
text where needed. The empirical data was first analysed by one of the authors of the
present paper in a non-cross sectional way without predefined codes (Mason, 1996).
Second, a new non-cross sectional analysis was conducted with all authors. Third,
theoretical models for problem-solving were used to make sense of the observations.

Background result from studying teams

As mentioned, the empirical data for the present study was collated from two contexts,
workshops and a student project course. We start this results section by focusing on the
workshops, because it commonly failed to reach radical innovation.
The empirical data that was obtained from the workshops, in which a client
was providing the design brief, shows that the teams developed an initial frame
including a choice of potential users. Across the eight teams, this frame was rarely
reframed despite being questioned. Exceptions did occur, however; see, for example,
Team 1 and Team 6 in Table 1 (the term “check-up” refers to the presentation at the
end of each stage of the process). The reframing activity in the cases of Teams 1 and 6
occurred because the teams were stuck and decided to take another perspective.





Table 1. Examples of frames from teams in the workshops. Simplified due to disclosure

1st check-up
Customer of
today
Modern user
Maslow’s needs

2nd check-up
Customer of
today
Modern user
Maslow’s needs

3rd check-up
Young customers

Final concept
Young customers

Modern user
Maslow’s needs

Modern user

Modern user

5

Modern user,
Sustainability
Familiarly

Modern user
Maslow’s needs,
Flexible users
Modern user

6
7
8

Future usage
Future customer
Two actors

Familiarly,
proactivity
Not boring
Future customer
Two actors

Familiarly,
proactivity
Fun
Future customer
Two actors

Familiarly,
proactivity
Fun
Future customer
Two actors

Team
1
2
3
4

The clients, who are supposed to award a winner, usually have a difficult time selecting
one. They commonly say: “I told that from the beginning…” or “These ideas are not that
new.” The main benefit the clients receive from the workshops lays within the breadth
of listening to all teams and later combining all ideas into concepts themselves. The
interest for orchestrating this type of workshops comes thus from the total amount of
the conducted work. The instructions encourage reframing, but does not include or
specifically describe any prototyping efforts in which intangible ideas can be
demonstrated. To conclude, it was identified that the workshops teams did not
naturally evolve in their activities through the use of framing and reframing; in fact,
the teams became stuck in an initial frame. One reason for this might be that the
workshop is a contest; teams could perform badly because there is a price. Another
reason could be that the instructions should clearly express that the perspective from
the first check-up to the subsequent check-ups must be different. However, if this
were the case, the risk of steering the teams toward a certain outcome would be high,
and the benefit of the breadth might disappear. Finally, a reason for this lack of framing
and reframing might be that an exploitation perspective was prevailing. In fact the
teams did not confront the design brief, rather seeking guidance from the client.
This second section focuses on the project course. The empirical data obtained
from studying the student project course highlights and validates the need for focusing
on the framing and reframing mind set. The activities revealed several “If? Then!”
expressions in the conversations among the team members. “If?” questions indicate
that the frame is challenged, and “Then!” suggestions indicate that a new perspective is
proposed. If followed by experimentation or exploration, a reframe evolves. The teams
in the student project were provided material (mostly scrap, cheap material, existing
hardware, and similar) and were encouraged to build simple physical models, test them
and explore them to see what was working and what was not. The failure of the tests
forced the teams to reframe. However, it could also be observed that some favoured
their own ideas even though proven wrong. This could be seen in persistent efforts to
make certain ideas work. Compared to the teams in the workshops, the two teams in
the project course created several frames that in the end led to a final concept. The
teaching team rated the final concept highly as both innovative and confronting the
initial design brief.
Team Snow and Team Space had different types of open-ended design briefs,
none of which described what to do, how to do it, or where to start. Team Snow





started building a frame from specifications of related technical solutions. When doing
so they could break down the open-ended problem into sub-problems that were
specific to one or a few technical domains. By questioning each sub-problem, which
were still open-ended but more limited in respect of a technical challenge (e.g., “Ok,
this works, but how do we solve that [sub-function] then?”). These activities showed that
the challenge was framed and reframed several times. In addition, the team showed it
was able to account for pros and cons for each of their concepts.
In contrast, Team Space started in confusion, asking for better instructions.
They were thus encouraged to decide on keywords they could find in the design brief.
They turned the keywords into themes; of those “waste” was found to be interesting.
They were still lost, however, until one of them asked: “How can it be easier to recycle
than it is today?” This led to a new exploration resulting in new keywords, and in the
end resulted in a rephrased challenge (i.e., a reframe “How can we turn waste into an
asset?”). The Space team also developed unexpressed boundaries for their reframe.
Those were made explicit when presenting their project in a team meeting, that is, it
resulted in explaining or describing the meaning of the keywords. By articulating the
meaning of the keywords, they could reframe and develop a shared understanding.

Making sense of open-ended problems in concept development

The activities to make sense of open-ended design problems among team members,
while managing to understand the task at hand and put forward several alternative
concepts simultaneously, have become more critical for manufacturing companies.
Keeping the problem “open,” or more precisely, keeping the space for solutions as
wide as possible, during the early stages of generating ideas and concepts is recognized
as a backbone in radical innovation (Meinel & Leifer, 2012). To these authors,
prototyping as a learning activity is also emphasized. The present study categorizes the
observed activities in which teams engage into iterative steps of formulation,
concretization, positioning, and experimentation. Those categories indicate how
creating frames and reframes (Dorst, 2011) support the sensemaking procedure.
Formulation
Formulation describes the activities of understanding the task, that is, the design brief
in the present study. The formulation activities are natural when seeking to understand
a problem. Pre-knowledge, for example, your background and expertise, effect how
you understand a challenge (Nonaka et al., 2000). Gero and Kannengiesser (2004)
concluded that formulation is an inherent perspective of engineering. They suggested
that understanding a design problem from an engineering perspective addresses
behaviour, structure, and function, as we understand it, of an artefact. However, it can
be argued that modern product development needs to consider those perspectives in
relation to humans, not only in relation to a commodity. In other words, teams must
go from the behaviour of a thing, the structure of a thing, and the function of a thing,
to also understand the behaviour of people, the structure of people’s problems, and the
function they are seeking to fulfil their needs. The formulation activities include
making assumptions and demonstrating those to the team, for example, making often
vaguely formulated thoughts tangible. If the team succeeds in creating a shared starting
position, a first soft frame has occurred (see Table 2).
Creating the soft frame seems to be supported by an open culture, that the
team members speak their mind and question the situation. Soft frames could be seen
as embryos and are attempts to make sense of the open-ended problem situation.




Importantly, they also create triggers to which other team members can react and
effectively communicate. The higher level of abstraction of soft frames facilitates both
keeping the discussion broad and easing understanding from different perspectives. The
studied teams typically relied on using metaphors to establish soft frames.
Concretization
Concretization describes the activities of making the task real and more specific, that is,
the team contests the soft frame to refute or approve it. Relating the studies to Dorst’s
(2011) creation of frames and the activities of framing, the observed activities also
reveal that Gero and Kannengiesser’s (2004) suggestion of behaviour, structure, and
function is applied to confront the soft frame. The activities in concretization are thus
to make connections among behaviours, structures, and functions or technical working
principles or themes. Activities include comparing, assessing, and deciding upon areas
to explore. If the team succeeds in creating areas of interest, a frame has occurred (see
Table 2).
Proposing a frame seems to have a strong link to past experience in the way
that it relates a soft frame to a working principle. Conducting a discussion somewhere
between metaphors and physical objects (e.g., working principles) is important for
preserving ambiguity, that is, the discussion does not point to specific solutions and
does not delimit the possibilities. The studied teams in the project course expressed
frames through connecting to working principles.
Positioning
Positioning describes the activities of relating the frame to the problem to be solved,
that is, a real-world problem and not just the description as presented in the design
brief. This creates a hard frame. The time spent on this iterative step depends highly on
how concise the task has been described. In radical innovation, describing the outcome
beforehand is not doable, and it is possible to argue that it is not even desirable.
Ambiguity and fuzziness should be considered enablers and not barriers (Leifer &
Steinert, 2011). Taking positioning as a starting point and omitting concretization
would create a hard frame too soon. This can be compared to Patnaik and Becker’s
(1999) expression to “jump into solutions,” which risks not meeting requirements or
customers’ needs. However, creating a hard frame precedes the possibilities to reframe
the understanding in the experimentation step and is therefore necessary (see Table 2).
Because hard frames seem to be over-constrained, teams may have a difficult
time taking a step backward and further developing the original frame. Teams must be
aware that hard frames are both a necessity for further development but also a mental
construct. Typically, studied teams expressed hard frames as descriptions of physical
objects in a problem context.
Experimentation
Experimentation describes the activities of confronting the hard frame and reframing
the understanding of the open-ended problem. In the present study, prototyping has
emerged as important for achieving a reframe activity. This was seen by comparing the
student project, in which prototyping was forced, and the workshops, in which
prototyping was not emphasized. Confronting a hard frame must be supported with
more than discussions and arguments; if so, the locked positions and perspectives can
become apparent to the team. Yet prototyping could be achieved by making
operational definitions of keywords, which means creating meaning in a particular





context. Such an activity is often deemed too abstract for an engineer. This was also
observed in the project course, and the opposite was seen in the teams in the
workshop study. In the workshops, discussions were favoured at the expense of
structured dialogues or rough prototyping. Experimentation, using the meaning of
words or by interacting with some tangible material, has been shown to be important
to radical innovation (Bergström, 2009). However, from an engineering perspective,
prototyping usually points toward accomplishing a beta version. Thus, engaging only
in positioning and experimentation does not support radical innovation. The present
study has identified that recognizing and confronting a hard frame is important to
achieve radical innovation.
Making a reframe is preceded by modifying the result from prototyping or
experimentation, or to meet or prove a working principle. It seems that several
working principles can be tested at the same time, often unconsciously, but that teams
can be made aware of the advantage of rough prototyping, only focusing on one
principle at time. Exploring activities that do not lead to a mode of completion
supports building new frames.
Table 2. Illustration of making sense of open-ended problems by creating frames and reframing

Steps
Key
activities

Formulation
- Making
assumptions.
- Formalizing

Concretization
- Linking between
behaviourstructure-function,
and working
principle, or theme.

Positioning
- Adaption to
context,
interpretation
and purpose.

Experimentation
- Checking,
testing, modify,
reformulating

Ex. of
communication

Questioning:
- We could…
- I think of…

Proposing:
- Ok, that could be
done by…
- You mean like…

Reasoning:
- So if we…and,
…
- Yes, typically it
is, but…

Confronting:
- Ok, it would not
do because…
- Ok, it is not … It
is…

Key
references

Nonaka et al,
2000

Dorst, 2011;
Gero, 1990

Result of
step

Soft frame

Frame

Dorst, 2011;
Gero, 1990
Hard frame

Reframe

CONCLUSIONS AND FUTURE STUDIES
Concept development is commonly described as a critical stage in which the outcome
of a development process is settled, especially if teams are striving to develop radical
innovation by addressing open-ended problems. Such scenarios are becoming
increasingly common as many industries are undergoing a paradigm shift towards
service inclusion. For example, manufacturing companies are transforming toward
product–service offers (Parida, Sjödin, Lenka, & Wincent, 2015), in which increased
capabilities in radical innovation is recognized as important. Understanding the task
from different perspectives and suggesting a range of alternative solutions are core
necessities for the modern development approach of product–service innovations. The
present study, therefore, attempts to identify and define different activities in concept
development that can be associated with making sense of open-ended design problems.





More specifically, the present study contributes to concept development
(Khurana & Rosenthal, 1997) and design thinking (Dorst, 2011) in the following ways.
First, by suggesting four categories (formulation, concretization, positioning, and
experimentation) and their specific activities to provide guidance to address openended problems. Formulation and concretization have been found important to
prevent perspective lock-in, such as interpreting the design brief too narrowly and
consequently not developing a range of alternative solutions. These two steps are
important for the frame to emerge. Positioning and especially experimentation have
been found to be important to reasoning about and confronting perspectives, that is,
changing the interpretation of the design brief creating an understanding that leads to
new alternative solutions. The last two steps are important for creating new frames, i.e.
reframe. Second, the result of the team-level activities eventually leads to new
concepts, depicted here as a linear procedure (see Table 2). The procedure should be
considered iterative, however, meaning that iterations take place both inside each step
and between them. This relates to studies by Meinel and Leifer (2012), as they also
acknowledged the importance of iterations in concept development. Third, the frame
and reframe activities are of great importance for understanding radical innovation
challenges and addressing open-ended problems during the concept development
stages. Hence, teams need to follow their instincts through the procedure of creating
frames. Likewise, however, it is important to challenge the frame and learn by creating
opportunities to reframe. Fourth and finally, engineering teams need to create a
permissive setting, supporting equal speaking time and not questioning each other.
Instead, they should give constructive feedback, which for example prevents having to
defend one’s standpoints. Furthermore, being able to keep the discussion in the
positioning and concretization steps may preserve ambiguity which is necessary for
radical innovations. To position the frame in a real situation, which is necessary to
achieve more information, teams could, for example, apply first-hand observations.
The importance of recognizing and confronting a hard frame are evident, however,
but often neglected in a team setting. Supporting prototyping has been identified as an
important activity in those steps, even though only having, for example, words,
keywords, or themes as material. Structured methods to prevent lengthy discussions
and arguments need to be developed. This can balance the engineering tradition that
builds on decreasing the amount of information gathered and thus also ambiguity. In
contrast, radical innovation needs ambiguity, because it enables the development of a
range of alternative solutions. One implication particularly in the engineering setting
for reaching radical innovation is to encourage and allow operational definitions,
commonly a tendency to favour absolute definitions comes with the approach to
decrease information. The frame and reframe guidance presented in the present study
are one effort to address approaches of making sense of open-ended problems, while
simultaneously using the ambiguity for radical innovation activities. We have seen that
teams often struggle to make sense of why they are conducting an activity. Hence,
teams may be supported and motivated by just knowing that this is the procedure they
need to experience in order to develop new concepts.
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