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Abstract 

The industry trends related to Product-Service Systems (PSS)—namely, the integration 
of products and service aspects in early development to develop and sell a function—
provide one way for companies to manage competition. A key component in providing 
total solutions and remaining competitive is to bring new technologies and products to 
the market as quickly as possible. One approach to achieve this is to make the best out 
of all facets of available knowledge, such as by taking advantage of experiences from 
previous projects to assist in existing development work. 

Experience is commonly categorized as tacit knowledge, which is understood 
without being openly expressed; as such, experience is not simply identified, captured, 
or formalized. Incorporating experience into the organizational knowledge base 
involves different approaches and methods than managing information. However, such 
instruments do not readily exist to aid in the transition of knowledge between projects. 
Despite this, experts recognise that many early decisions in product development rely 
on experience. 

Consequently, the purpose of this thesis is to explore how experience-based 
knowledge is communicated within and between projects in a cross-functional 
organization in order to provide support for project teams when sharing experiences as 
well as sustain a broader knowledge base in start-up projects. In this way, the time to 
market can be decreased. 

Empirical data were collected primarily in a manufacturing company working with 
transport systems and active in a business-to-business environment. The industrial data 
provide a description of the current situation, thereby enabling challenges to be 
highlighted. In addition, engineering students were part of an experiment in which 
individuals’ orientation was investigated to gain insights into how it affects knowledge 
sharing. 

The results indicate the importance of supporting the approaches for reflection in 
routine activities and communicating experiences both inside and outside the project, 
such as addressing different kinds of physical meetings and activities which enhance the 
possibility to introduce a more dynamic way of knowledge sharing. Furthermore, the 
personal motivation for what knowledge is shared and how it is shared is discussed. 
Here, the result indicates that goal-orientation/problem-solving and insight-
orientation/problem-setting may provide guidance on the knowledge transfer between 
different projects.  

 
 

Keywords 
Knowledge transfer, Knowledge sharing, Experience, Collaboration, Local knowledge, 
Knowledge management, Engineering design. 
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1 Introduction 
The first chapter of this thesis presents the research background which is framed by product 
development. It covers the trends in product development and focuses on the issues of transition 
between two projects, particularly from a knowledge point of view. The motivation for pursuing 
this research will also be introduced along with the delimitation and the applicability of the work. 

1.1 Background 
Most business-to-business companies that are working with product development in 
the manufacturing industry act on a global market. Distance and different time zones as 
well as organizational and cultural differences all contribute to the complexity in such 
an environment. However, successful activities lead to effective project execution, 
thereby enabling products to reach the market more quickly and the company to gain 
market shares. 

Product development requires a set of competences in which many are immaterial 
and not immediately apparent. Existing literature describes product development as a 
set of activities executed to generate a product (Ulrich & Eppinger, 2008). In general, a 
design process can be explained as a systematic approach including a sequence of steps 
(e.g., tasks, activities and goals) which should be broken down into sub-tasks, sub-
activities and sub-goals to contribute to finding solutions and developing products (Pahl 
& Beitz, 1996). The framing of goals, necessary activities and the knowledge needed to 
execute the process may be able to be described in steps and sequences, but the actual 
building of the contents depends on the communication of experiences and similar.   

A generic product development process typically starts in a planning phase which 
includes gathering user information, identifying market opportunities and setting up 
requirements (Brown, 2008). By scoping a project, the efforts focus on clarifying the 
problem and transforming the development issue into a concrete task which is needed 
as a base for the development phase. Early development incorporates creative activities 
to generate concepts and prototypes to be developed in greater detail at a later stage. 
The testing of concepts is then followed by evaluations that support the decisions to be 
made. The activities subsequently focus on the act of accomplishing the product 
development, making the transition into production and commercializing the product 
(i.e., manufacturing and launching the product on the market) (Ulrich & Eppinger, 
2008). 

A product development process model not only describes the order in which work 
should be done, but can also facilitate the collaboration and how to adopt new 
methodologies and techniques (Ulrich & Eppinger, 2008). The competition increases 
for manufacturing firms and triggers new demands for the companies. The sustainability 
demands and the competition from BRIC countries (i.e., Brazil, Russia, India and 
China) create challenges which contribute to efforts to extend business models towards 
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developing and selling Product-Service Systems (PSS) solutions.  
PSS, described as sustainable service offerings (Tukker & Tishner, 2006), 

incorporates additional service aspects beyond mere traditional services like 
maintenance, repair and overhaul. PSS is an integration of products (tangible goods) 
and services (intangible activities) in development where the objective is to provide a 
function (that meets customer needs) instead of either of the other two elements 
(Tukker & Tishner, 2006). This integration is not straightforward due to the different 
logics in products and services (Vargo & Lusch, 2004). Hence, PSS is a special case of 
servatization, (Baines et al., 2007) which emerged from the change in the 
manufacturing industry to move towards life-cycle commitments, Functional (Total 
Care) products and sustainability thinking (Alonso-Rasgado et al., 2004; Mont, 2002).  

PSS development increases the intangibility and tacit knowledge in the process 
activities. Tacit knowledge—typically described as experiential or action-oriented 
knowledge—is difficult to be codified and communicated in writing (Choo, 2000). 
Tacit knowledge has long been recognized as an important ingredient of product 
development and design work (Hubka & Eder, 1996); for example, gut feelings and 
intuition are known to affect decision-making (Johansson et al., 2009), but are not 
perceived as a valid source. Briefly, the extension towards providing PSS will stress the 
importance of communicating experiences throughout the development process. This is 
already a challenge in contemporary development projects (Engwall, 2003). 

The development work involves different competences in a company. The early 
stage is typically divided, with one department having a more innovative and open-
ended focus—commonly called Technology development projects (Cooper, 2007) but 
in the companies included in this thesis identified as Advanced Engineering (AE)—and 
one department being responsible for the subsequent formalization and execution of the 
new product, called New Product Development (NPD). The transition of experience-
based knowledge from an AE project to an NPD project is critical for reducing the 
time to market; in light of PSS, this may be even more critical for merely deciding on 
and developing the appropriate solution.  

AE is responsible for research projects that possess explorative characteristics (i.e., 
creating or evaluating new technological solutions) and for making them available for 
implementation within NPD projects. AE projects can be compared with technology 
development projects: 

 
“… where the deliverable is new knowledge, new technology, a technical capability, 
or a technological platform. These projects, which include fundamental research 
projects, science projects, basic research, and often technology platform projects.” 
(Cooper, 2007, p. 67) 

 
AE projects are also the drivers of innovation as their purpose is to investigate and 

develop features and technologies which are higher in risk and, therefore, not 
considered to be approved (yet) in the NPD projects. However, AE projects which 
prove to be successful can be transitioned into a new NPD project or incorporated into 
an existing project. In such situations, the AE project serves as the base for early 
activities in the NPD project which is responsible for bringing new products to the 
market—namely, formalizing the product concept and industrializing it into a 
commercial product (cf. Cooper, 2007). 
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Both AE and NPD have distinct procedures to follow, but should also align under a 
general corporate roadmap (Cooper, 2007). These processes—namely, product 
development and business strategy—are commonly described as complimentary to each 
other. A generic stage-gate process has been suggested to support the development 
work (Cooper 2008). Stage-gate processes, with activities (stages) and decision points 
(gates), are useful for the communication of progress (Engwall, 2003); however, the 
daily work in knowledge-intensive projects needs more support at the detail level.  

The activities undertaken in daily development work include meetings. Meeting 
have been recognized as an excessive part of the daily work in complex technical 
projects with respect to time (Westling, 2002). They often relate to formal interaction 
and communication, but different types of meetings contribute in different ways to 
knowledge exchanges and the development of new products (Westling, 2002). 
Furthermore, different types of meetings play an essential role for managing socio-
technical aspects and the communication of experiences. Project actors have been 
found to have difficulties in understanding how and on what basis decisions are made.  

 
 “One could not say that there were no decisions made at that meeting, because 
several months later it became clear what solution the project team chose. However, I 
cannot say when or how it happened even though I was there. Suddenly, everyone in 
the project team was aware of the chosen direction. It turned out that a choice took 
place earlier and was then communicated as a decision.” (Bragd, 2002, p. 85)    

 
Hence, it is important for companies to try to understand these tacit dimensions of 

work to make use of the companies’ entire knowledge base. Statements such as “If only 
HP knew what HP knows” (Sieloff, 1999, p. 50) indicate that the knowledge base is 
larger than what can be captured, stored and disseminated; they also demonstrate the 
challenge of sharing what is actually known. Research shows that 80% of organizational 
knowledge is stored in people’s minds, 16% is unstructured data and only 4% is 
formalized as structured data (Bell, 2006). Efforts must be made to ensure that 
experience and the more tacit dimensions of knowledge are generated into an 
organizational asset or else be lost. “Tacit knowledge, in particular, is lost through outsourcing, 
downsizing, mergers and terminations” (Smith, 2001, p. 311). Tacit knowledge is not 
always recognizable, but it still plays a key role in the overall quality of the knowledge 
base. Furthermore, experience relates to specific knowledge gained from a problem-
solving situation (Bergmann, 2002). 

To effectively communicate information, knowledge and experiences from one site 
to another, the routines have to be improved. Such improvement of knowledge 
management is a challenge for companies to handle, particularly the transfer between 
projects. 

1.2 Research purpose 
Due to limited understanding of all facets of knowledge needed to reach an agreement 
of product concepts, the potential to organizationally make use of experiences seems 
low. New projects will in some situations “reinvent the wheel.” Efforts to capture and 
formalize experience-based knowledge might not be straightforwardly done because 
such knowledge is to a large extent stored in people’s minds (Bell, 2006) whereas 
experiences are expressed in actions. Investigating how the knowledge transfer actions 
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within and between projects are conducted might thus contribute to a better 
understanding of the tacit dimensions as well. Therefore, the motivation guiding my 
research focuses on how the knowledge transfer activities are managed within and 
between AE and NPD projects.  

Knowledge transfer in general terms refers to one unit of an organization affecting 
another unit, thereby completing the task; the transfer can be both explicit and tacit 
(Argote & Ingram, 2000). The act of making knowledge available to others within an 
organization refers to the collaborative action of knowledge sharing (Ipe, 2003). Hence, 
the focus is on communicating experience as a part of the knowledge transfer process 
within and between projects. 

One key reason for this focus is that supporting processes for communicating 
experiences seems lacking in industry, whereas processes for managing explicit 
knowledge have been established. In particular, the knowledge transfer between AE 
and NPD projects is expressed as a key to shorter time to market; however, given that 
the knowledge areas in each project are distinct, the knowledge gap has to be bridged. 

Starting from the assumption that, for example, experience is expressed in project 
actions, the purpose in this thesis is to: explore how experience-based knowledge is 
communicated within and between projects in a cross-functional organization. 

This is done in order to improve the knowledge management approaches for 
communicating experiences and subsequently make them accessible throughout an 
organization. It is essential for an organization to improve its members’ understanding 
of how experience is communicated in projects; therefore, exploring the area is likely 
to provide possibilities to suggest processes, tools and methods for enhanced knowledge 
management. As a first step, the thesis gives a description of an “as-is” situation in the 
manufacturing industry and problematizes the situation in relation to the existing 
literature. Hence, this thesis should be seen as the descriptive study it is, emphasizing 
the differences in activities undertaken by project teams. 

1.3 Delimitations 
The thesis encompasses exploratory studies of knowledge activities, focusing in 
particular on activities undertaken in AE projects. The perspective in this research 
relates to knowledge management. From this stance, communication of experience-
based knowledge has been the foremost objective to investigate in this research. 

The study presented in this thesis is conducted in a traditional product development 
organization; however, the radical innovation capacity of the company is known. Part 
of the organization’s business strategy is to move towards PSS offers. Becoming a PSS 
provider increases the complexity of knowledge transfer. However, PSS is not at the 
heart of this study, rather, that change in business is seen as an additional trigger for the 
better understanding of tacit knowledge. 

1.4 Structure of the thesis 
The thesis consists of a cover paper and three appended papers. The cover paper 
comprises six chapters, including this introduction and background to highlight the 
scope the research (i.e., Chapter 1). Chapter 2 presents the research methodology in 
addition to explaining the methods that have been used to accomplish the work; 
reflections upon the research are also presented. Chapter 3 outlines the theoretical 
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background coupled to this research by introducing teams, communication and the area 
of knowledge management. Chapter 4 presents a summary of the appended papers and 
describes the results and contributions. Chapter 5 presents the discussion along with an 
analysis of empirical data; all parts from the thesis are linked and discussed in relation to 
the research topic. The last chapter (Chapter 6) concludes the thesis by revisiting the 
purpose and summarizing how the results address it. Finally, ideas for future research 
based on new insights and questions that emerge during this work will be presented. 
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2 Research Approach 
This chapter contains the basis of the approach for this thesis. The research environment, project 
and industrial case involved are all presented, as well as aspects related to data collection, analysis, 
research strategy and quality. Work is performed within the area of engineering, but has also 
investigated engineering design students. 

2.1 Research environment 
In my research, I collected empirical data from two manufacturing companies active in 
two different markets, although both companies are global. The industrial case is related 
to the field of engineering design and focuses on how to manage and transfer 
knowledge across an organization. In addition, engineering design students were part of 
a case where the personal motivation for knowledge management was observed in a 
given context.  

2.1.1 Research project 
I have performed research primarily within an FFI project, which is a partnership 
between the Swedish government and automotive industry supporting strategic vehicle 
research and innovation. This project is a collaboration between Luleå University of 
Technology and the industrial partner, Volvo Construction Equipment. The close 
connection that exists with industry provides a real case, and I as a researcher can 
collect data from a real problem that the partner wants to overcome. 

The matter of transferring knowledge from one project to another is the focus of the 
research project. The creation of an understanding on how experiences have been 
communicated throughout an organization supports development of demonstrators, 
such as tools and methods for making knowledge and experiences into organizational 
assets. The benefit is to take advantage of the vast bank of experience gained during 
product development and refinement in projects. More specifically, the research project 
addresses the need to retain design intent and expert knowledge as well as make 
experienced-based knowledge available to new team members, future projects and 
project maintenance. 

2.2 Research strategy/framework 
This work is based on exploratory qualitative research; such an approach was chosen to 
provide a rich base for understanding real-life activities (Miles & Huberman, 1994). 
Exploratory qualitative research is recommended when the theory and/or practice in a 
research domain is limited (Edmondson & McManus, 2007; Eisenhardt, 1989). 

The empirical data are collected from two manufacturing companies located within 
the same main organization. As such, they both apply a generic process for product 
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development. The study is performed as qualitative research, meaning it is based on 
understanding and interpretations of the as-is situation rather than on quantitative 
measurements. 
Moreover, a study with engineering students is used to enrich the collected data. 

Here, data about personal orientation are gathered to investigate specific areas difficult 
to access in an industrial context. Teams are often fixed in industrial projects due to the 
different skills required—that is, it is not possible to set up an experiment that 
distinguishes the individuals’ orientations. 

My research is inspired by the Design Research Methodology (DRM) (Blessing & 
Chakrabarti, 2009). The DRM framework is described as encompassing four stages (see 
Figure 1). It is an iterative process which allows progression in several steps to 
accomplish a reasonable outcome from each stage. The framework was introduced early 
in the thesis work and has been used as an inspirational framework for my own 
progress, but also to support results that will be communicated to the industry. 

I see similarities between a generic product development (PD) process (Ulrich & 
Eppinger, 2008) and how the DRM was used as a framework for my research; planning 
and identifying market opportunities and needs could be seen as similar to the research 
clarification stage. In the concept-development phase of a PD process, concepts are 
developed based on the knowledge available at that time, which relates to gathering 
empirical data and creating an understanding about the research field. This could be a 
very divergent phase of the process in terms of expanding the scope to find new ideas. 
It is comparable to what I have been doing—namely, trying to find the scope and area 
in which to contribute. However, DRM was used as a helpful framework to make the 
author reflect about the research process as such. 

 

 

Figure 1. Design Research Methodology (Blessing & Chakrabarti, 2009). 
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In this phase of my work, I have primarily focused on the first two phases: Research 
Clarification and Descriptive Study I. In the research clarification phase, I developed my 
first description of the as-is situation in the research domain. This phase also aims to 
build a better understanding, define research questions and assess success criteria. It is an 
explorative focus incorporating a literature review. In this work, such a review was 
done primarily to make sense of the empirical data rather than serve as the basic means 
of the phase. 

The second phase in DRM supports the work in terms of defining problems to be 
solved and exploring the industry practices. This was also the phase where most of the 
empirical data were collected and analyzed, focusing on two separate situations of 
interest according to the research—namely, knowledge transfer in projects and 
communication in design teams. Hence, my work in these two studies has been focused 
in the Descriptive Study I phase. The outcome of this stage will be the basis for future 
studies in order to prescribe a change and design demonstrators to improve a practice 
(i.e., a Prescriptive Study). The last stage in DRM, Descriptive Study II, evaluates the 
prescriptive changes and implementations based on the analyses and criteria from 
previous phases.  

2.3 Studies 
This thesis consists of two studies addressing different questions and contexts. One 
study, influenced by case studies (Yin, 2009), was carried out as single-case study to 
investigate personal orientation (motivation) of engineering students in a controlled 
experiment. The second study, inspired by action research (e.g., Checkland & Holwell, 
1998), focused on activities and tools for knowledge transfer in an industrial context 
(data were gathered in two case companies). 

2.3.1 Study I 
This study is influenced by case studies (Yin, 2009). Yin (2009) stated that case study as 
method allows the researchers to: 

 
“…retain the holistic and meaningful characteristics of real-life events—such as 
individual life cycles, small group behaviour, organizational and managerial processes, 
neighbourhood change, school performance, international relations, and the 
maturation of industries.” (Yin, 2009, p. 4) 

 
As such, a case study approach is useful when the researcher wants to find answers to 

how- and why-questions as well as understand a phenomenon that is not initially 
clear—that is, illuminate a decision and the reasoning behind it as well as how it 
impacts the situation and why (Yin, 2009). 

In the current case study, personal orientation was investigated by setting up an 
experiment involving design engineer students. During a half-day experiment in a 
design observatory, the students were given an open-ended design task from the real 
world to solve; they had to present their solution at the end of the session. 

Based on Motivated Strategies for Learning Questionnaire (MSLQ) (Pintrich et al., 
1993), students were divided into two groups to distinguish between those who take a 
course with the goal of earning a grade and those who have motivation to learn and 
develop interest in the subject. The MSLQ includes two main sections: learning 



 Johan Holmqvist, To Communicate Experiences 

 10 

strategies and motivation strategies. Because the intention in the current study was to 
examine personal motivation and not learning, only the motivation strategies section of 
the MSLQ has been used.  
The motivation section of MSLQ consists of 31 items (presented as statements), 

divided into six sub-areas related to value, expectancy and affective components. The 
items deal with students’ motivation for taking a course in terms of anxiety to pass a test 
as well as individual goals, interests and beliefs about their skills to perform in the course 
and whether their performance affects their grades. Two of the 31 items were excluded 
due to difficulties in defining the focus as more related to goal- or insight-orientation 
(i.e., “I expect to do well in this class”; “Considering the difficulty of this course, the teacher, and 
my skills, I think I will do well in this class”). 

The students were informed during the first meeting about the study; those who 
volunteered responded to the MSLQ. Participants were asked to reflect on whether 
they agreed or not with the statements; answers were given on a 7-point Likert scale 
(ranging from 1 to 7). The mean value of the insight-oriented items was then 
subtracted from the mean value of the goal-oriented items. Higher values indicated a 
tendency towards insight-orientation in this particular group of students. This 
procedure ended up in two distinct personal motivations: one having a tendency 
towards insight-orientation and one towards goal-orientation.  

Based on these results, the students were divided into two groups; each group 
consisted of six students. The two groups were then given the same contemporary and 
open-ended design task to solve during a half-day experiment based on the same 
instructions. The experiment was performed with both groups at the same time in two 
similar rooms. 

2.3.2 Study II 
The methodology approach for study II, which I finds similar to action research, 
denotes that studies should be grounded in lived experiences, where the researcher 
works with the people instead of simply studying them (Bradbury & Reason, 2003). 
The objective of action research is to increase the understanding so that the outcome of 
the research can improve the environment being studies in addition to acquiring new 
knowledge (Checkland & Holwell, 1997). 

In the current study, the industrial context was used as a source from which to 
collect data in the exploratory and descriptive phases of the work. The company, Volvo 
Construction Equipment is active on the global market, working in the manufacturing 
industry. When bringing new technologies to the market, it is essential for the 
organization to be aware of and take advantage of its existing knowledge base. 

The particular AE project involved in this study was chosen based on its phase in the 
development process. Based on previous projects in the domain, this project focuses on 
developing a new solution to a complex system in a powertrain and, later this year, 
making the project hand-over from AE to NPD. This approach is expected to enable a 
rich foundation for gathering data, possibilities to investigate the as-is situation and—
over time—propose changes. 

The project team is cross-functional and collaborates with internal departments 
around the world as well as with external suppliers.  

Data were also gathered in another study at a company sharing the same parent 
company as the previously discussion organization. The companies are active in two 



 Johan Holmqvist, To Communicate Experiences 

 11 

different markets, but have a common product development process. The same base of 
questions (for questionnaires and interviews) was used in both studies. 

Table 1. Studies included in the thesis. 

Study Paper Main Question Unit of analysis Data Collection 
Study I 
(Engineering 
design 
students) 

A: Setting up a 
research 
experiment—How 
does personal 
motivation affects 
problem setting? 

How does personal 
focus affects the 
problem setting and 
how can the 
research experiment 
be set up to find 
out? 

The motivation for 
collaborative 
development in 
early phases 

Questionnaire, 
observations of 
workshop, field 
notes and video 
records 

Study I 
(Engineering 
design 
students) 

B: Tendencies 
toward problem-
setting and 
problem-solving: a 
study of design 
learners’ 
prototyping 

How does personal 
motivation affects 
problem setting? 

The motivation for 
collaborative 
development in 
early phases 

Questionnaire, 
observations of 
workshop, field 
notes and video 
records 

Study II 
(Two 
companies) 

C: Sharing 
Expertise: Easier 
Said Than Done 

How are 
knowledge and 
expertise shared? 

Knowledge work in 
the organization 

Questionnaire, 
semi-structured 
interviews, internal 
documents, project 
portals, 
participatory 
observations and 
workshops 

2.4 Data collection 
Empirical data were gathered from participatory observations and semi-structured 
interviews at the companies. Workshops were used in both the industrial context and 
the university in terms of an experiment with engineering students. These data are 
presented in the appended papers. A qualitative approach was applied to collect the data 
and to understand the phenomena in the given context rather than quantitative 
measurements. The use of multiple sources enriches the variety of data. 

2.4.1 Interviews 
Data were initially collected through semi-structured interviews. The interviews 
followed an interview guide with predefined questions focused on knowledge, 
innovation, engineering knowledge and approaches to knowledge sharing. 
Intentionally, I did not define the terms innovation and knowledge to guide the answers; 
rather, respondents were free to base their answers on what they perceived knowledge 
or innovation to be. The interviews were semi-structured, meaning respondents could 
formulate answers freely and the researcher could pose follow-up questions compiled 
from the author’s initial interpretation of relevant topics and respondents’ answers. This 
type of interview was chosen because it can provide a great breadth of data given its 
qualitative nature (Fontana & Frey, 2000). 

To create an overlap between the data collection and analysis of the interviews, field 
notes were taken during the interviews. The interpretation and analysis of data started 
during the interview could add bias to the gathering of data (Fontana & Frey, 2000); to 
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avoid biases, alternative interpretations could be accounted for. All interviews were 
recorded, transcribed and transferred into a document for further analysis, highlighting 
excerpts to support the research questions. 

2.4.2 Observations 
Participatory observations are an appropriate way to study actions. What informants 
share during an interview is their interpretation of a specific situation, which is not 
always the same as their actions. Therefore, I have used participatory observations to 
better understand the social dimension and as a compliment to data from other sources 
(Angrosmo & Mays de Perez, 2000). In the industrial case, employees from different 
functions related to the AE project were observed to investigate how they work and 
communicate with colleagues. Field notes documented these actions, and questions 
were asked when an extraordinary or interesting situation occurred. 

By using participatory observations I gained insights into interpersonal behaviours, 
although a risk for bias also exists due to the fact that an observer can manipulate the 
events when participating (Yin, 2009), such as when an informant being observed 
thinks that he or she is expected to act in a certain way. Thus, it is essential to built 
trust and confidence with the informants while also using different ways to record the 
observations (e.g., field notes, video recordings). I adopted an observational approach in 
addition to using additional sources for gathering data.  

Observations were used to investigate activities in the project teams, both physically 
on site and via information communication technologies (ICT). Weekly observations 
of activities in an internal system (e.g., system used for project management and 
knowledge sharing) were also carried out.  

2.4.3 Workshops 
In the industrial study, I conducted a workshop as an open-ended discussion on the 
topic of knowledge sharing to clarify any concerns from the employees. This approach 
also provided an occasion to present findings and test ideas as well as collect data in 
terms of obtaining information on a visionary to-be situation. 

The experiment was explained to the students as solving a given design task during a 
workshop. Everything was video recorded, and I acted as a facilitator in collaboration 
with colleagues, all of us took field notes to support the analysis of the video recordings. 
We were looking for how students communicated not only verbally, but also with 
gestures and sketches. All recordings were analyzed, first in an individual manner and 
then jointly in the research team. This approach to analyzing the data was chosen to 
ensure that the findings were more reliable. 

2.4.4 Literature review 
The literature presented in the thesis is part of the work with an up-to-date review 
carried out during the ongoing research project. The theoretical data were an important 
part and an iterative process whereby the empirical studies provided input regarding 
which literature to read. Academic databases (e.g., Science Direct), search engines and 
journals were searched to find relevant papers. Keywords such as knowledge 
management, knowledge sharing, expertise, experiences, tacit, explicit and local 
knowledge guided the work. Reference lists in relevant papers were used to find 
additional papers from other authors in the field. The literature review aimed to 
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enhance the understanding about the research field as well as find inputs for further 
reading and frame how other research contributes to theory.  

Part of the literature review was performed as an internal wiki-page, to which a 
group of researchers had access. All researchers could post a review of an article and get 
comments from others. All articles added in the wiki were reviewed by at least one 
researcher in the group; this work helped me identify articles that were useful for the 
research. 

2.5 Data analysis 
The analysis of data is vital when building an understanding from qualitative studies, yet 
it is also difficult because qualitative studies create a vast amount of data (Miles & 
Huberman, 1994). The interviews were all recorded and later transcribed, summarized 
and compiled into a spreadsheet. The analysis started during the interview when 
determining appropriate follow-up questions (Fontana & Frey, 2000). In addition, 
during the participatory observations, field notes created an overlap between data 
collection and analysis. This approach is necessary address the evolving research focus. 

The analysis was an iterative process that helped me make sense of the empirical 
data. Throughout the studies I was engaged in ongoing discussions with the co-authors 
and reflected on the chosen theory, which allowed for reflection on the research focus 
and the pursuit of the next step in the studies. The two concepts of explicit and tacit 
knowledge (Nonaka et al., 2000) were introduced early in my studies and were 
valuable for visualizing reflections when discussing empirical data. 

2.6 Research quality 
Each study was constructed to provide the possibility of having a similar set-up in 
future studies, ensure transparency in the methods and processes used to collect data, 
and analyse data. This was done to enhance the reliability in the appended papers (Yin, 
2009). Field notes, reports, documents, records from interviews and workshops were all 
used to collect the data from which results evolved. The informants were selected based 
on their previous knowledge and diversity within the organizations to emphasize 
insights from several knowledge domains and departments as well as reduce the risk of 
bias in the data. Eisenhardt (1989) stated that: 

 
“Theory developed from case study research is likely to have important strengths like 
novelty, testability, and empirical validity, which arise from the intimate linkage with 
empirical evidence.” (Eisenhardt, 1989, p. 548) 

 
Miles and Huberman (1994) addressed the question of true value—namely, do the 

findings make sense and to whom? The term internal validity is explained as described 
actions and interpreted meanings that would gain added value when connecting them 
to theory. Nevertheless, case study research has limitations; even if strong connections 
exist between empirical data and the possibility to build new theory, the complexity in 
this kind of research makes it difficult to generalize (Eisenhardt, 1989). Study II, which 
included two industrial contexts, was carried out as action research. The inherent 
challenge with this approach stems from the fact that the research environment changes 
over time and is therefore not repeatable (Checkland & Holwell, 1998). 
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3 Theoretical background 
This chapter contains the theoretical areas relevant for this thesis. The chapter first outlines a 
general description of product development and design processes which serves as a basis for the 
research area. Then knowledge in its different shapes is covered and presented in relation to other 
terms. The concept of knowledge transfer and knowledge sharing is introduced as well as different 
knowledge management approaches. 

3.1 Cross-functional teams 
Literature has distinguished members of a team from other groups of people, such as 
committees and crowds, by the cohesiveness of its purpose. Smith and Reinertsen 
(1998, p. 119) stated that team members are; “…strongly aligned to a common goal and are 
willing to place attaining this goal above many of their personal objectives.” 

A team is explained to be a group of people with a full set of complementary skills 
required to complete a task, job, or project (Westling, 2002). However, the explanation 
of what a team is does not take into considerations how teams are organized 
geographically or what kind of activities are involved in a project. For instance, product 
development in general can be considered as a set of activities performed to realize a 
product (Ulrich & Eppinger, 2008).  
A cross-functional team is considered to be a suitable organizational design when no 

individual person of function possesses the required competences to manage a whole 
project (Cooper, 1999). The outcome is dependent on everyone involved in the team:  

 
“It was important to make sure that the “right” persons were recruited and that the 
best possible expertise and competence available in the corporation was connected to 
this particular project. The right resources were always a key factor for the success of 
projects…” (Bragd, 2002, p. 34) 

 
The team members can take advantage of the vast bank of experience and 

knowledge in a cross-functional team in regards to, for example, how members 
communicate tacit knowledge in their socialization (Nonaka & Takeuchi, 1995). 

3.2 Communication in a development process 
A common process adopted in large companies is the Stage-gate process (Cooper, 
2008). Such a process is seen as a roadmap including several stages, each of them 
followed by a control gate. The development team undertakes knowledge activities to 
support product development whereas the management team undertakes decision-
making in the gates to assess the progress of the activities.  

The development team’s activities can be seen as a gathering of information that will 
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serve as a basis for their analysis. Knowledge is generated in the analysis phase from the 
input provided by team members. The outcome from the analysis is deliverables to the 
gate meeting and should be assessed and evaluated as the basis for decisions to be made 
in the gate (see Figure 2). Deliverables includes documentation (e.g., summary of work, 
criteria and design rationales) as well as reports such as technical reports, analysis results 
and test reports. However, the explicit knowledge (i.e., reports and documentation) is 
only one part of the deliverables. The team members performing the work also possess 
tacit knowledge from their experiences to account for in decision-making (Johansson et 
al., 2009). 

 

 

Figure 2. A stage followed by a gate (adapted from Cooper, 2008). 

 
When evaluating the activities in a previous stage, all criteria have to be fulfilled to 

“open the gate”; the continuation of the project is decided upon in the gate. The 
Stage-gate does not allow a project to move on to the next stage without fulfilling all 
criteria. Therefore, the decision-making process in a gate is a collaborative process, 
involving competences from different units in an organization. This approach is 
expected to result in an objective, systematic and streamlined process (Cooper, 2008). 
One concern has been that managers impose more paperwork which tends to be 
bureaucratic, although activities that do not add value were not supposed to be part of 
the process (Cooper, 2008). 

Product development entails making numerous decisions; weak communication can 
delay these decisions or result in decisions that require unnecessary design rework 
(Smith & Reinertsen, 1998). Furthermore product development has been defined from 
an information stance, as; “... a process of gradually building up a body of information until it 
eventually provides a complete formula for manufacturing a new product” (Smith & Reinertsen, 
1998, p. 167). 

Since the body of information changes over time, there is a continuous need to 
communicate such transformations along the product development process not only 
within the team, but also to the recipient of the project (e.g., between AE and NPD 
projects).  



 Johan Holmqvist, To Communicate Experiences 

 17 

3.2.1 SECI-model: a knowledge-creation process 
The knowledge-creating process presented as the SECI-model describes a spiral where 
knowledge is created in the interaction between two concepts, such as explicit and tacit 
knowledge (Nonaka et al., 2000). Because of the long tradition in management in the 
western world, both academic and business people talk about knowledge management, 
but often simply mean information management (Nonaka et al., 2000); “This static and 
passive view of the organization fails to capture the dynamic process of knowledge creation” 
(Nonaka et al., 2000, p. 6). The SECI-model (Nonaka et al., 2000) contains four 
modes of knowledge conversion: Socialisation, Externalisation, Combination and 
Internalisation (see Figure 3). 

 

 

Figure 3. The SECI model (adopted from Nonaka et al. 2000). 

 
Nonaka et al. (2000, p. 9) explained that:  
 

• Socialisation represents the mode of converting new tacit knowledge through 
shared experiences. It is available, for instance, for those with hands-on 
experience who spend time together in a project. The mode does not 
represent anything written in manuals or accessible for everyone. 

• Externalisation is the process of communicating tacit knowledge to others; tacit 
knowledge is crystallized into explicit knowledge and builds up a new base of 
knowledge. An example is when using metaphors or telling others about 
experiences from daily life, and then putting this knowledge into a new 
context. 

• Combination shows the process of connecting explicit knowledge from inside 
and outside the organisation and converting it into a more complex and 
systematic set of explicit knowledge. 

• Internalisation is the mode of sharing explicit knowledge in the organization so 
that it will become tacit knowledge by individuals. The internalisation process 
can be represented by reflections and experiences from understanding manuals 
and performing work related to them. This is closely related to know-how 
and creates tacit knowledge for the individuals. 
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To understand complex problems such as how to communicate experiences within 
and between product development teams, it is imperative to first identify the situation 
and then put it in a context, describing it from an as-is standpoint. Thus, one needs to 
see the problem to be able to understand it. At that point it is possible to solve the 
problem. 

3.3 Data, information and knowledge 
The literature distinguishes among data, information and knowledge (e.g., Frické, 
2009). Figures and letters in no particular order are data, such as:  
 

3   0   2  6  1  0  1  2 
 
When data are processed and transformed into a relevant form, the data become 

information; in the previous example, the key to interpretation is that it is a date: 
 

16.03.2012 
 
The date 16 March 2012 is the day when this licentiate thesis will be presented at 

Luleå University of Technology.  
A context is needed to transform information into knowledge. What is knowledge 

for one individual could be information for another; therefore, knowledge is 
contextually dependent (Nonaka et al., 2000). 
Information is “a flow of messages” (Nonaka, 1994, p. 15) whereas knowledge is, 

according to Davenport and Prusak (2000):  
 

“a fluid mix of framed experience, values, contextual information, and expert 
insights that provides a framework for evaluating and incorporating new experiences 
and information. It originates in and is applied in the minds of knowers.” 
(Davenport and Prusak, 2000, p. 5) 

 
Knowledge is a function of a particular perspective; it is context specific and focuses 

on meaning. Unlike information, it is about beliefs and commitment and can be 
understood and framed within a context. Knowledge is also considered to be 
information processed by individuals that is relevant for individuals, teams and 
organizational performance (Wang & Noe, 2010). In existing literature, two 
dimensions of knowledge creation have gained attention: tacit and explicit knowledge. 
Although they are outlined as two separate entities, they should be seen as 
complementary (Nonaka, 1994; Polanyi, 1966). 

3.3.1 Explicit 
Explicit knowledge can be uttered and captured in drawings and writings, it is codified 
and easily articulated in formal systematic language (Nonaka, 1994; Nonaka & Krogh, 
2009; Polanyi, 1966), such as work processes, specifications and training manuals, and 
factual information processed into knowledge (Wang & Noe, 2010). Explicit 
knowledge relates to know-what and uses a person-to-document approach (Hansen et 
al., 1999); thus, such knowledge is seen as academic and explicit knowledge (Holste & 
Fields, 2010; Nonaka et al., 2000; Smith, 2001). Since explicit knowledge is codified, it 
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is easier to communicate to others, thereby reducing the risk of losing explicit 
knowledge compared to tacit knowledge (Jasimuddin et al., 2005). 

3.3.2 Tacit 
Polanyi (1966) suggested that knowledge that can be expressed explicitly is only a small 
part of the whole body of knowledge; hence, “We can know more than we can tell” 
(Polanyi, 1966, p. 4). Moreover, tacit knowledge is not easy to communicate to others 
through articulation, and it is difficult to formalize (Polanyi, 1966). The argument that 
the two types of knowledge are complementary is supported by the necessity to have 
some tacit pre-knowledge to understand explicit knowledge (Nonaka, 1994). 

Tacit knowledge is a key factor in leveraging the overall quality of knowledge, but 
tends to be recognized as informal knowledge. It is mostly seen as a highly personal 
asset and serves as a basis for explicit knowledge (Jasimuddin et al., 2005; Quinn et al., 
1996; Smith, 2001). It is practical, action-oriented knowledge that addresses a know-
how approach. Tacit knowledge is therefore related to routines, insights, and rules-of-
thumb and is achieved through face-to-face interaction (Hansen et al., 1999). 
Moreover, it can be learnt, such as via observations, and shared through storytelling and 
metaphors (Holste & Fields, 2010; Nonaka et al., 2000; Smith, 2001). Because tacit 
knowledge is difficult to communicate, it has been defined as something "understood 
without being openly expressed" (Random House Dictionary of the English Language, 
1971). Tacit knowledge consists partly of local knowledge, which can be understood 
within a specific context by individuals who share culture and experiences. 

3.3.3 Local, individual and expert knowledge and experience 
Individual knowledge is defined as; “that part of an organization’s knowledge which resides in 
the brains and bodily skills of the individual” (Lam, 2000, p. 491). Individual knowledge 
tends to be more domain specific due to our cognitive limits of storing and processing 
information. However, it involves all knowledge possessed by an individual that can be 
applied independently to specific tasks and problems (Ipe, 2003). Three kinds of 
individual knowledge exist (Lowendahl et al., 2001):  

 
• ‘Know-what’: Information-based, objective and task-related knowledge. 
• ‘Know-how’: Experience-based, tacit and subjective knowledge, including skills 

as well as deeper understanding. 
• ‘Dispositional knowledge’: Personal knowledge, including talent, aptitudes and 

artistic abilities. 
 
Local knowledge is explained as experiences rather than expert knowledge. In certain 

situations, such as a driver of a machine, the knowledge necessary to solve a task already 
exists from lived experiences. Because the driver holds a lower level in the 
organization, it is presumed that he or she could not possibly have anything of value to 
contribute. Instead of using the ‘brains’ (competences) within the organization, it is 
likely that the management hires the ‘brawn’ (consultants) (Yanow, 2004). “Local 
knowledge is the very mundane, yet expert understanding of and practical reasoning about local 
conditions derived from lived experience” (Yanow, 2004, p. 12). Local knowledge is 
embedded in an organic system (i.e., evolving from experiences to solve a certain issue 
within a team), independent of formal mechanisms and the availability of systems for 
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sharing. These mechanisms can include a need for structures and capabilities to 
represent knowledge, issues related to legacy systems and a lack of support for the use of 
a standardized tool (Davis et al., 2005). 

A product development team often involves persons with expert knowledge in certain 
domains; in a situation when the project leader has to make a decision, the voice from 
the expert can be used as a point of reference, making it crucial for the final decision to 
be made (Yanow, 2004). Ackerman et al. (2003) indicated that; “Relatively few people 
will claim to be experts, but many people agree that they have some measure of expertise in some 
area” (Ackerman et al., 2003, p. xv). Expert knowledge is seen as generalized, 
technical-professional, explicit and theory-based knowledge (Yanow, 2004). Local 
knowledge is contextual and a phenomenon that follows as a consequence of 
experiences (practice-based) communicated among individuals. An expert is most likely 
also experienced and therefore important as a resource for local knowledge; however, 
expert knowledge is not the primary reason why local knowledge exists. It is in 
interactions among involved persons where the main contribution to local knowledge 
is gained. 

The term expertise indicates a relative level of knowledge, such as within the project 
team. Therefore, a person with domain-specific expertise is relatively knowledgeable in 
the area compared to his or her colleagues. 

 
“People with experience and expertise are the organisation's most vital information 
resources, and it is imperative that information services provide access to, or at least 
information about, knowledgeable experts in the organisation even as they provide 
access to published sources.” (Choo, 2000, p. 397) 

 
Harrison (2011) concurs that a vital part of the knowledge assets available in an 

organization is expressed as experiences by the staff: He states that; “It’s all about enabling 
individuals to gain actionable understanding.” Experience can be defined as; “…valuable, 
stored, specific knowledge that was acquired by an agent in a previous problem solving situation” 
(Bergmann, 2002, p. 28). Therefore, one can argue that experience implies some useful 
knowledge gained from solving problems, which is stored in the mind of the one 
possessing the experience. 

3.4 Knowledge management 
Knowledge management refers to the actions undertaken in order to enhance and 
ensure the organization's knowledge base (Braf, 2000). As different views on 
knowledge exist, different perceptions exist regarding how to manage knowledge as 
well. 

"Knowledge management is a formal, directed process of determining what information a 
company has that could benefit others in the company and then devising ways to making it easily 
available" (Liss, 1999, p. 1). When implementing changes in an organization, it is 
possible to gain competitive advantages by using an appropriate strategy for knowledge 
management (Choi & Lee, 2002). 

Knowledge creation, knowledge transfer and knowledge protection are three general 
approaches (Bloodgood & Salisbury, 2001). Knowledge creation is significantly tied to 
both explicit and tacit knowledge. Explicit knowledge is fundamental in knowledge 
transfer; the transfer often happens when a team member moves into another project 
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(Bloodgood & Salisbury, 2001). A knowledge protection approach could benefit from 
embracing tacit knowledge as well because the intention of such a strategy is to keep 
knowledge within the organization. Local knowledge is difficult to copy and bring 
outside the organization, which implies that it is a more suitable approach to secure the 
knowledge within the given context (Bloodgood & Salisbury, 2001; Choi & Lee, 
2002). 

3.4.1 First and second wave of knowledge management 
Knowledge management as actions has been divided into two streams: one related to 
gathering, managing and reusing existing knowledge and the other related to 
knowledge creation, sharing and learning (Ackerman et al., 2003; Swan et al., 1999). 
Huysman and de Wit (2004) highlighted differences between the first and second wave 
of knowledge management (see Table 2). 

Table 2. First and second waves of knowledge management (adapted from Huysman & de Wit, 
2004). 

 1st wave of knowledge 
management 

2nd wave of knowledge 
management 

Why is knowledge 
shared? 

Managerial needs Part of daily work: as a routine  

When is knowledge 
shared? 

When there is an opportunity 
to do so 

When there is a need to do so 

Where is knowledge 
shared? 

Operational level Organization-wide 

Whose knowledge is 
managed? 

Individual: human capital Collective: social capital 

What knowledge is 
shared? 

Codified Tacit and codified 

How is knowledge 
shared? 

Repository systems and 
electronic networks 

Via personal and electronic 
networks 

 
First-wave knowledge management is explained as more fruitful for a known 

situation and less useful when discussing opportunities for organizational change or 
development of new products or services (Huysman & de Wit, 2004). The first wave is 
related to the human capital—namely, individual ability and managing something that 
does not necessarily directly contribute to organizational knowledge assets. The second 
wave focuses on social capital—namely, a collective and organization-wide approach. 
All individuals in the organization contribute jointly to the intellectual capital of the 
firm (Huysman & de Wit, 2004). The social capital has three dimensions. The structural 
dimension involves the network ties and network configuration. Weak ties have been 
seen as an effective way of sharing knowledge and information that is new to its 
recipient (Granovetter, 1973). The cognitive dimension includes shared language and 
narratives. Finally, the relational dimension is related to mutual trust, norms and 
identification (Huysman & de Wit, 2004). 
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Another categorization of knowledge management strategies requires separating a 
human-oriented from a system-oriented approach (Choi & Lee, 2002). In the context 
of knowledge management and decision-making in technical product development, 
Harrison (2011) argued that; “The biggest problem we got is people” he further highlighted 
the human factor as having a great impact on decisions and actions; “Experience is the 
bedrock of understanding” (Harrison, 2011).  
Supporting knowledge reuse in general as well as in organizations with high 

turnover of personnel requires greater motivation to introduce knowledge management 
systems. Thus, if the organization has built up and relies on the digital archive, the 
value of experiences and individual knowledge seems to be counted as less important 
(Quinn et al., 1996). 

3.4.2 Knowledge transfer 
In general terms, knowledge transfer has been explained as a process which; “…occurs 
when experience in one unit of an organization affects another unit” (Argote & Ingram, 2000, 
p. 154) and thereby completes a task. The transfer can be both explicit and implicit. It 
is explicit if a group, department or division communicates with another unit, such as 
when they find a practice that could improve the performance of their work. It is 
implicit if knowledge is communicated via some other means, such as when a tool has 
been modified to improve its performance and an individual can use the tool and 
benefit from the productivity enhancement without understanding or being able to 
articulate the modification or the performance improvements of the tool (Argote & 
Ingram, 2000). Communication is defined as transfer of, "information, knowledge, or ideas, 
by means of speech, writing, mechanical or electronic media" (OED Online, 2011a), but it can 
also be non-verbal, as in gestures (body-language) and sketches. 

Information technology (IT) has been used to track relevant knowledge in certain 
contexts. This is best applied in the scientific world, where much of the work in the 
form of research results is written down in publications (Brenner, 2007). However, in 
the private sector, it is the opposite way as research is mostly based on technological 
knowledge, which is a competitive advantage for the company and therefore not 
transferred to others—sometimes not even within the organization (Brenner, 2007). 
Mechanisms of knowledge transfer have been distinguished in the literature 

(Brenner, 2007), such as when an employee moves from one unit to another in the 
company, thereby transferring knowledge. Technologies and routines can also be 
transferred in this way. Innovation projects often involve collaboration partners who 
contribute to the project with complementary knowledge and capabilities. Knowledge 
transfer can also be achieved from one individual to another, such as when an employee 
is involved in a product development project and gains knowledge through face-to-face 
communication (Argote & Ingram, 2000; Brenner, 2007). 

3.4.3 Knowledge sharing 
If knowledge transfer refers to communication, knowledge sharing can be explained 
with the term interaction, as in "Reciprocal action; action or influence of persons or things on 
each other" (OED Online, 2011b). The concept of knowledge sharing has been 
presented as the act of making knowledge available to others within the organization 
(Ipe, 2003); thus, knowledge sharing is a collaborative action. For instance, experience 
can be held by an individual, converted into a form that can be understood, and 
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absorbed and used by other individuals. Knowledge sharing results in joint ownership 
of the knowledge between the sender and recipient; moreover, it leads to individual 
learning and may also contribute to organizational learning (Ipe, 2003). 

Elements that influence knowledge sharing include the nature of knowledge, 
motivation to share, opportunities to share and culture (Ipe, 2003). Knowledge by 
nature exists in different forms (e.g., tacit and explicit knowledge). The nature of 
knowledge also affects how it is handled in the organization. Because explicit 
knowledge is easier to codify as well as transfer between individuals and spaces, it has 
gained a natural advantage over tacit knowledge. 

The motivation to share knowledge can be divided into internal and external 
motivational factors (Ipe, 2003). An internal factor is power of knowledge—namely, 
the perceived power of sharing knowledge or not. In such a situation, knowledge is 
used to both control and defend interests. If an individual exposes knowledge to others, 
that individual’s participation is not as necessary as if he or she is the only one who 
knows about a specific domain. Therefore, one could say that knowledge is sometimes 
used as power. Reciprocity (or a mutual give and take) facilitates knowledge sharing, 
depending on whether or not the individual can see the value of sharing knowledge or 
perceive the incentive to contribute. External factors include the relationship to the 
recipient and any kind of reward that can be related to the sharing of knowledge. This 
is related to trusting the recipients as well as the status of a recipient. 
Organizations include both formal (explicit) and informal (tacit) knowledge to be 

shared. The opportunities for sharing formal knowledge include structured work in 
teams, training programs, dissemination and technology-based systems that can facilitate 
such actions (Ipe, 2003). Informal knowledge sharing is based on personal relationships 
and social networks, whereas formal knowledge sharing is adapted to the purpose of the 
formal interaction to gain knowledge. 
All these factors affect knowledge sharing among individuals in an organization and 

are influenced by the organizational culture. In this context, culture can be defined as 
assumptions developed to approach and solve problems in an appropriate way, such as 
what to do and how members of a team take action. Practices as well as norms and 
values of the organization are part of the culture. In larger organizations, the work 
environment and culture can differ between sites. The culture of the work 
environment is one factor of major importance for knowledge sharing in an 
organization and is often deep-seated and therefore difficult to change. 
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4 Summary of appended papers 
In this chapter the main results and the content of the three appended papers are summarized and 
presented. My efforts in each of the papers are also highlighted as well as those of the co-authors. 
All three papers contribute to the purpose of this thesis and guided the direction of this work by 
providing background and inspiration to the subsequent discussion related to theory and practice. 

4.1 Paper A 
Holmqvist, J., Wenngren, J., Cox, C., Ericson, Å., & Bergström, M. (2011) Setting up a 
research experiment—How does personal motivation affects problem settings? Proceedings of the 
3rd ICoRD'11 - International Conference on Research into Design, January 10-12, 
Bangalore, India. 
 
Authors’ contribution: 
The basic idea of writing this paper came from Johan Wenngren and myself. Charles 
Cox provided the background from previous research, and I distributed a questionnaire 
to the students and divided them into two teams. The experiment—in this case, the 
workshop with students—was planned and executed by Johan Wenngren and myself. 
We also wrote the draft of this paper, to which Åsa Ericson and Charles Cox 
contributed with their experiences in education. 
 
Summary: 
Cross-functional teams are becoming more common in design activities of product 
development. Moreover, collaborative design activities are difficult to teach and need to 
be practiced by students (Dym et al., 2005) as well as professionals. Prior experiences 
are valuable when working on real projects; a lack of experiences related to the process 
can cause extensive problems. It is therefore important that design education give 
students the possibilities to practice these skills.  

The paper background originates from Pasteur’s quadrant (Stokes, 1997), which 
describes views on basic- and applied-research. Starting from this foundation, the idea 
to study how individuals perform design activities based on their motivation emerged. 
Paper A describes how design teams were divided into groups based on their distinct 
motivation to perform a problem-setting or problem-solving learning process. The 
paper accounted for how the use of the Motivated Strategies for Learning 
Questionnaire (MSLQ) (Pintrich et al., 1993) supported the division into the distinct 
motivations. The two groups were exposed to a real design problem; during a half-day 
workshop, they were to develop a solution to the given problem. The contribution in 
Paper A was first to provide possibilities for other researchers to repeat the experiment 
and second to contribute to the knowledge of what motivations could influence design. 



 Johan Holmqvist, To Communicate Experiences 

 26 

4.2 Paper B 
Cox, C., Wenngren, J., Holmqvist, J., & Ericson, Å. (2011) Tendencies toward problem-
setting and problem-solving: a study of design learners’ prototyping. (To be submitted to 
journal). 
 
Authors’ contribution: 
Paper B develops and explains the result that was found after we analyzed the data 
gained in the study of how individuals’ motivation influences design. Together with 
Johan Wenngren, I have made the major part of the analysis of the data from video 
recordings and also provided a draft. Åsa Ericson and Charles Cox contributed with 
focused text, language check and disposition of the article. 
 
Summary: 
In Paper B we elaborated on the data from the study on how individual motivation 
affects problem-setting and problem-solving in design. The study focused on design 
students working in two teams; the students were divided based upon their individual 
orientation in a learning situation (in this study, referred to as goal-oriented and insight-
oriented). 
The study aimed to contribute to a better understanding of how individuals’ 

motivation affects design activities. We had the opportunity to study engineering design 
students in a controlled environment; we divided the students into two groups 
depending on their personal motivation and ran the experiment. The teams were given 
the same design problem based on a real case to solve at the same time during a half-
day workshop. In an industrial setting, this approach is not straightforwardly used 
because project teams are often based on previous experiences, thereby making it 
difficult to divide them into homogeneously aligned teams. 

The insight-oriented team applied a user-oriented design model which involves the 
problem-setting, identification of actors and understanding their needs before solving 
the problem. Insight-oriented individuals are disposed to open up the design space by 
diverging from the task and gathering additional information to solve the given task. 
Thus, for example, in a case of product improvement or new product development, 
these different motivations will influence the success of the task. The insight-oriented 
team was building on concepts and combining them to a larger extent than the goal-
oriented team. 

The goal-oriented team demonstrated a tendency toward a problem-solving 
approach. Therefore, they limited their design space early, which implied that the goal-
oriented team would not explore the entire design problem given. Goal-oriented 
individuals are more prone to close a task early (“lock on target”) and converge all 
information to solve the given task.  

The study provided some indications of consequences of the motivation when 
developing design ideas and concepts in design projects, which could be considered 
both in industry and design education. The study relates to the knowledge that sharing 
experiences is to a large extent dependent on individuals’ personal motivation. Paper B 
contributes to this community by providing an initial experiment whose result indicates 
implications for product development. Depending on objectives, it could be preferable 
to use a team with a goal-oriented or insight-oriented approach. 
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4.3 Paper C 
Holmqvist, J., Wenngren, J., Ericson, Å., Johansson, C., & Thor, P. (2011) Sharing 
Expertise: Easier Said Than Done. Proceedings of the 3rd CIRP IPS2 Conference, May 
5-6, Braunschweig, Germany. 
 
Authors’ contribution: 
The initial idea of this paper was developed from a course assignment in which I 
conducted a study in the manufacturing industry related to knowledge sharing. I 
provided a draft paper which Åsa Ericson and Christian Johansson helped reorganize to 
fit the industrial context; they also contributed with text and valuable comments. Peter 
Thor and Johan Wenngren performed a similar study at a second company, from which 
empirical data were gathered and used in this paper. They also contributed with 
valuable comments at the end of the process. 

 
Summary: 
In Paper C, we studied product developers in their daily work to understand how 
existing knowledge management and communication tools are used. The study also 
gathered data about the obstacles that product developers encounter in their daily work. 

In general, manufacturing companies have the goal of extending their revenues from 
service provision. This movement is commonly described under the umbrella term 
Product-Service Systems (PSS) (Tukker & Tischner, 2006). The manufacturer’s 
responsibility for the produced goods extends towards a life-cycle commitment. 
Consequently, a produced good could be replaced or remanufactured since what is sold 
is its functions (Alonso-Rasgado et al., 2004). This also increases the complexity of 
managing and using the knowledge built up in the company. 

Paper C provides insights on an industrial context for knowledge management—in 
particular, experience. Experience can be described as a certain category of knowledge 
that often relates to the complexity in large global enterprises, in product development 
processes and in the early phases of design. Paper C starts from the assumption that two 
waves of knowledge management exist (Huysman & de Wit, 2004): one that aims to 
capture and store knowledge to monitor and control the processes (first wave of 
knowledge management; Ackerman et al., 2003) and one that aims to support sharing 
to empower designers to become experts (second wave of knowledge management; 
Ackerman et al., 2003). Traditionally, knowledge management has focused on 
monitoring and controlling; however, in relation to a more complex business context, 
such a view could be a barrier. 
Based on the problematization of knowledge, Paper C highlights that knowledge is 

sought for and shared in several ways, such as by using existing databases and talking to 
experienced people. In addition, the challenges for technically focused organizations to 
address service aspects are discussed. Paper C contributes with a review of the concept 
knowledge management and provides a general view of the area. 
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5 To Communicate Experiences—From one project 
to another 

Chapter 5 presents the analysis and discussion. Personal orientations of team members influence 
how knowledge is communicated in teams and can be supported by developing an understanding 
for how such orientation affects project teams in their process. Moreover, the understanding for 
knowledge itself will be discussed in relation to the empirical data. All parts from the thesis will be 
tied together. Thus, in this chapter, the main contributions will be endorsed by the discussion. 

5.1 Personal orientation 
Nowadays, it is often taken for granted that product development deals with innovation 
and radical ideas. Teams work in cross-functional constellations to make it possible to 
conduct complex development work. Organizations are trying to increase market 
shares and bring new products and services to the market as quickly as possible to stay 
competitive. A generic product development process involves a number of phases (c.f. 
Ulrich & Eppinger, 2008), such as identifying market opportunities, concept 
development and detail design, then taking the concepts to production and realizing the 
product. 

In the discussions herein, the term product development covers the first phases, thereby 
excluding detailed discussion on production and realization of the product (i.e., the 
core responsibilities of NPD projects). The activities in product development discussed 
herein focus on the efforts to access required information and knowledge to bring new 
products to the market (Smith & Reinertsen, 1998).   

The structure of a project team is often decided upon based on the available 
resources to accomplish the work and its individual members’ competences and 
previous experience; however, performance as well as factors that influence the 
communication of knowledge depends on the culture, motivation (Ipe, 2003) and 
personal orientation (Paper B). This should be seen as a dynamic condition that affects 
the outcome. Therefore it is valuable for companies to consider how they staff projects 
depending on the employees’ personal orientation and how that fits into the activities 
they are supposed to do. However, in real-world projects, staff projects are challenging 
as the personnel available might have other characteristics than what is preferable for a 
specific function in the project team. 

5.1.1 Tendency towards goal- or insight-oriented personalities 
The personal orientation in this thesis is represented by insight-oriented or goal-
oriented personalities (cf. Paper A and Paper B); thus, the orientation does not indicate 
the knowledge domain or skills that one possesses.  

An individual with insight-oriented personality wants to gain a holistic 
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understanding of a situation or problem by applying a learning approach; such a person 
will therefore focus more on problem-setting, for example. The insight-oriented 
personality also tends to investigate the problem area to a larger extent, with deeper 
reasoning about the problem to define the scope before starting to solve the problem. 
Meanwhile, an individual with a goal-oriented personality is motivated by solving a 
given task or problem—namely, problem-solving (Paper A). It is clear that such an 
individual narrows the design space early to complete the task. 

From this, it is also clear that personal orientation influences the ability to elaborate 
upon and combine ideas in creative work and building concepts. An individual with a 
goal-oriented personality converges towards a solution early, while an insight-oriented 
personality tends to build and combine concepts from others (i.e., be divergent). Cross-
functional teams are preferable in terms of skills and knowledge when performing 
development work, as the personal orientation may contribute to the diversity. 
However, this section aims to highlight how an individual’s personality contributes to 
activities in different phases of the product development process. 

To elaborate on how individual characteristics can support knowledge 
communication, a streamlined process including four phases—planning, scoping, 
development and execution—will be used in the following discussion. Personal orientation 
should be seen as a dynamic condition, and teams benefit from members’ tendency 
based on their personal orientation towards one of the two types (goal- or insight-
oriented) depending on where in the product development process the team are 
working. The following paragraphs will therefore give some kind suggestions for 
considering personal orientations in relation to these phases. 

The first phase, planning, emphasizes temporal problems (Hubka & Eder, 1996) and a 
scale of solutions and known technologies. This results in identifying a number of 
smaller problems and opportunities that will be undertaken in new projects. Although 
the intention of this phase is to identify areas for new projects and market 
opportunities, it involves activities such as prioritizing project initiatives, planning and 
managing the resources in the company. Thus, this phase would gain from having 
members with a goal-orientation tendency. 

In phase two, scoping, employees with the necessary competences and skills in the 
problem area undertake the scoping of the project to create an understanding and 
holistic view of the situation and define the required specifications for the project. 
Clarification of the task, definition of the problem at hand and input of user/customer 
information are needed to generate successful problem-solving. In large companies, 
these functions are commonly split into partial tasks of different departments (e.g., 
Paper C). From this perspective, an individual with insight-orientation is more suitable 
for the activities performed in this phase, such as problem-setting (Paper B) and 
learning about the situation. An insight-oriented individual tends to have a deeper 
reasoning about the problem space before deciding upon it. 

The third phase of the process, development, involves creative activities and idea 
generation. The ideas will be developed into concepts and prototyped; then the 
concepts will be evaluated and the team will make a decision on a final concept. A 
creative process is crucial for the development of innovative products. However, this 
phase includes a diverse set of activities and, therefore, various competences involved in 
different ways. In Paper C, employees from several departments staffed a project 
because their different tasks required different personalities and skills.  
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Pahl and Beitz (1996, p. 50) defined creativity as an; “…inspirational force that generates 
new ideas or produces novel combinations of existing ideas, leading to further solutions or deeper 
understanding.” Thus, individuals with insight-oriented personalities contribute to 
creative activities by having a learning approach and by preferring to gain new insights 
from each other and elaborate upon others’ ideas (Paper B). 

Other activities related to the evaluation of concepts more plausibly fit an individual 
with goal-oriented personalities as such personality has a tendency towards focusing on 
solving a given task (i.e., a problem-solving approach). However, one cannot claim that 
a certain phase should involve only one of the two personal orientations. 
Understanding how personal orientation contributes to different activities and what 
orientation the predominant part of a team should have might be beneficial for the 
activities being undertaken.  

Phase four, execution, incorporates the act of accomplishing the goal of a project (i.e., 
transferring the knowledge about the task at hand that has been generated in the 
development phase to a final concept). It involves using information and experiences 
from previous phases in the final design and manufacture of the product. The execution 
phase might be most suitable for individuals with a goal-orientation tendency. In large 
companies, the different phases and activities within them are commonly conducted in 
different departments (Pahl & Beitz, 1996); otherwise, the size of projects would be too 
large to manage. Dividing early product development into two types of projects, AE 
and NPD, also splits up the work and challenges knowledge transfer. However, to 
become more effective in the execution of the activities, this approach is necessary 
(Paper C). 

Individuals’ personal orientation impacts not only the motivation to manage a certain 
problem, but also the willingness to contribute to and communicate experiences among 
the community. Hence, it is important to consider orientation as a characteristic of 
individuals that is crucial for the informal communication of knowledge and 
experiences. At the organizational level, it is a challenge to structure project teams 
based on available resources as it might be something different from what a manager 
expects to have on the team. To gather a team which consists only of experts is not 
desirable from the perspective of communicating knowledge throughout the 
organization. It is plausible that such a team would base ideas and concepts on prior 
expert knowledge, thereby narrowing the solution space and consequently hampering 
new ideas. Such an approach could also prevent communication of experiences among 
new employees and the development of knowledge. 

5.2 Quest for knowledge in the right context 
Most companies in a business-to-business environment act on a global market; the 
trend towards becoming a PSS-provider makes the environment more complex. Thus, 
this transition seems to influence how companies consider experience-based knowledge 
in early development (Paper C). Literature suggests that the main goal is to make all 
knowledge explicit and available for everyone (e.g., Nonaka & Takeuchi, 1995). 
However, this would exacerbate the risk of knowledge overload—namely, generating 
overly detailed knowledge that is not needed. Experiences from development work are 
often communicated verbally and are therefore often missed in activities related to 
traditional knowledge management (Paper C). 

Companies have to consider that implementation of a knowledge management 
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system will not necessarily solve such problems by itself. Routine, culture, practices, 
and tacit and local knowledge are all aspects from which we draw experiences. These 
experiences have great impact on decision-making and other activities in a project. 

Leif Johansson, former president and CEO of the Volvo Group (quote from the 
intranet), stated that: 

 
“When we learn from one another, we capitalize on the Group’s size in the best 
manner and create important competitive advantages.” 

 
He further stressed the importance of involving the organization to learn and share 

knowledge collectively, which is in line with the second wave of knowledge 
management (Huysman & de Wit, 2004), including explicit and tacit knowledge. Since 
they are complementary, both need to be communicated (Nonaka, 1994). 

How to make knowledge explicit and transferred into organizational assets is also 
discussed in the literature (Nonaka & Takeuchi, 1995). The process of product 
development supports the building up of the body of information that provides a 
complete formula to develop a new product; however, the nature of that body changes 
over time (Smith & Reinertsen, 1998). Thus, it is not necessarily an advantage if all 
employees in a company hold the same knowledge. Knowing who knows (Larsson, 
2005)—that is, knowing who possesses certain knowledge about a specific matter—
could be an advantage as well. Furthermore, Granovetter (1973) pointed out the 
concept of weak ties as a way to establish new personal relations, meaning that an 
individual is more likely to possess new knowledge.  

However, knowledge changes over time; in some cases the actual knowledge could 
be perceived as obsolete. For instance, an informant that referred to outdated 
knowledge stated that: 

 
“In the 70s, it did work, but not today.” 

 
At that point he searched in the knowledge management systems to find how they 

did a certain activity in previous projects. What he found was a solution from the 1970s 
that was not relevant to such a product’s development with new technologies. 

Given that customers act in different parts of the world, they also have different 
views on how they want the product to perform in addition to their requirements 
regarding, for example, maintenance. Therefore, the development team needs to 
understand each particular situation and develop a solution aimed for its specific 
customer segment. For instance, products including advanced technologies or 
electronic control systems are not preferable to use in countries where such a solution is 
difficult to maintain. Hence, the company would gain from using the state-of-practice 
(e.g., experience-based knowledge) from those previous projects. One excerpt 
highlights this: 

 
“I cannot know how they reasoned about this particular problem in the 70s and 80s. 
I guess they were skilled. But, in my situation now, this would be new development 
and pretty much ‘reinventing the wheel’ similar to how they did at that time.” 
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This engineer could not find the knowledge he needed from searching in the 
knowledge management system. He could find a description that it had been done, but 
could not gain an understanding from the documentation of how it had been done. The 
situation was solved by finding people who had previously worked in those projects.  

These two excerpts could indicate a difference in what was being sought. In the first 
example, the person was searching for explicit knowledge that was readily applicable to 
solve his current task. In the second excerpt, the person was searching for experiences, 
(e.g., the rationale and lessons learned from the chosen solution). From this, the 
contradictory views on actionable knowledge can be discerned. One person found the 
knowledge outdated while the other was searching for traces of reasoning. In this case, 
it was truly relevant for the engineer to conduct his development task; finding the right 
people to ask gave him a better understanding of the work on previous projects. This 
situation emphasizes the importance of communicating experiences (Paper C) and 
knowing who knows (Larsson, 2005). It also indicates that managing experiences needs 
to be addressed. This implies that the quest for knowledge could be a matter of: 

 
• Knowing the logic to the quest: Is it knowledge to support non-product-oriented 

(tacit knowledge) activities or to serve as a basis for accomplishing a task to 
develop a component of the product (explicit knowledge)? 

• Understanding the context of knowledge: The knowledge could be of no use (old 
facts or not including the design intent) in one situation, but invaluable in 
another (e.g., state-of-the-art technologies or an underlying approach suitable in 
other non-product-oriented tasks). 

5.3 Communication as knowledge activities 
In the scoping and concept development phases, customers’ perceptions are generally 
communicated verbally and informally (Paper C). Such customer statements serve as 
input to the creative work to develop concepts. The person talking to customers often 
internalizes these statements as tacit understanding; thus, such experiences are difficult 
to communicate explicitly. The activity to extract tacit knowing and communication 
into the team was explained by one informant as converting: 

 
 “…brain cells into the tire rubber.” 
 

This phrase highlights the inherent difficulties in transferring experiences from an 
end-user’s behaviour and expected feeling when operating a machine. The informant 
worked with component-level development in the driveline system and was 
approached by an end-user who was asking for a soft, but more aggressive shift in the 
gearbox. Thus, the conversation was based on the end-user’s perceptions, not exact 
measurements. The end-user expressed feelings perceived when operating the machine 
and could not translate those into figures, but the developer had to translate the feelings 
into measurements (e.g., increased or decreased torque or pressure by five units) while 
simultaneously considering how such a solution would affect the maintenance and 
service of the machine. Such complex procedures rely on experiences in relation to 
facts and figures. 
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The necessity to turn feelings, perceptions and feelings into measurable entities, was 
expressed by one informant:  

 
 “We must have less opinions and more facts.”  
 

This comment sheds light on a project leader’s view on the development work; it 
stresses the importance of explicit knowledge in activities such as decision-making. 
Although the literature (Johansson et al., 2009) indicates that companies make decisions 
based on intuition and gut feelings, this is not seen as a valid knowledge base for 
decisions. Still, they impact decisions. It is therefore important to distinguish between 
what activities support explicit and/or experience sharing. 

Teams engage in activities in early product development that support the learning 
process to gain a deeper understanding, such as by communicating design intent and 
previous experiences. Furthermore, engineers mentioned the need to “play around” 
with a product or prototype to understand the whole solution. Hence, one can argue 
that activities such as prototyping encourage members of a project team to explore and 
communicate experiences. 

Evaluation and decision-making relate to facts as well as explicit knowledge and 
information. Consequently, this can link to the communication of a prototype as 
physical artefacts, not as in the activities of conducting prototyping. The actual 
prototyping sessions could be seen as support for the communication of explicit 
knowledge. One informant, working with product and operational development, 
described the management of experiences in early stages and the need for more explicit 
in later stages: 

 
 “The early phases will focus on building knowledge on many sub-system concepts - 
and the new knowledge will be documented. Then, we can make fact-based decisions 
on what concept to select. The late phases will then focus on making the 
documentation.” 
 

This excerpt highlights the diverging (opening up) and converging (locking on 
target) flow in the development work, but also indicates that documentation is part of 
the late phases. The company has lessons learned systems, but these also undergo the 
general problems of capturing and formalizing experiences. The same informant also 
explained the early development work as: 

 
“…having ideas, investigating them and communicating them.” 

 
Determining how to support the transfer of experiences—and, in particular, the 

communication of them as a natural part of ordinary work (e.g., when writing a test 
report)—is expressed by the informants as a challenge. Yet it is evident for the 
informants that they actually share experiences and insights from their work.  
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The knowledge transfer activities thus need to be reflected upon in light of the 
following: 

 
• Where in the process the activity occurs: Would the project benefit from a qualitative 
understanding or by providing facts? 

• What needs initialize the search for knowledge: Would the sharing benefit from 
communication of both tacit and explicit knowledge? 

• The importance of distinguishing between activities that support explicit and/or experience 
sharing 

5.3.1 Daily knowledge communication 
The following tables describe a morning or afternoon of observing employees at one of 
the companies. The employees came from different departments, but worked in a joint 
project. The reports accounted for in the tables highlight activities in which they 
engaged to accomplish their daily tasks. However, this does not aim to provide 
quantitative measurements of the activities. Instead, the information reports differences 
and problems in discussing their daily work in relation to knowledge communication. 

The reports indicate that employees focus a majority of their time on 
communicating both explicit and tacit knowledge. In addition, employees ask their 
colleagues for support to find information and knowledge. However, many informants 
explained only the explicit part of knowledge when they defined knowledge, such as 
this informant: 

 
“Knowledge is something you can display, that is knowledge… It is when you can 
show that you accomplished something. Then you know something…” 
 

Consequently, employees expressed their frustration of “not doing anything” when it 
is clear that they have been communicating with team members about project issues. 
Hence, one can argue that communicating experiences is not seen as an engineering 
activity. Table 3 reports on activities conducted by an experienced engineer with a long 
history of employment. He is informally recognized by his colleagues as an expert, but 
does not have the position as an expert, which is a formal job role. To a great extent, 
his work consists of analyzing data and writing reports; thus, the individual knowledge 
that he possesses serves as a basis for his activities. In addition to using a database, that 
individual knowledge and his own experiences are what he needs to perform the work. 
His co-located team members take advantage of his experiences by discussing 
difficulties in their tasks with him. 

Table 3. A typical afternoon with an experienced engineer. 

Engineer – Experienced 
13:00 Discussing reports with a colleague related to previous projects. 
13:30 Investigating documents graphs and making calculations to support some emails. 
14:00 Colleagues visiting the office, asking domain-specific questions. 
14:30 Printing documents and continuing to study the content of the reports. 
15:00 Answering additional questions from his colleagues; other colleagues join the 

discussion. 
16:00 Putting together material for reports and a presentation, in parallel answering email. 
17:00 End of the day. 
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Table 4 reports on an engineer who works closely with his team. His day consists 
primarily of meetings and informal conversations. By observing this engineer, it 
becomes apparent that he learns from discussions within the project team. For instance, 
he uses input from different colleagues to perform his tasks and is committed to 
communicating experiences with them. This information emphasizes the data in Paper 
C—namely, that employees primarily communicate with colleagues to acquire 
knowledge. 

Table 4. A typical morning with an engineer working with simulations. 

Engineer – Simulation 
08:00 Talking to closest colleagues and checking emails. 
08:15 Searching project portals and intranet for corporation and project news. 
08:45 A colleague comes to the office to discuss project-related issues. Results in 

additional phone calls with other sites in the organization, trying to find them on 
the Instant Messenger system, and finally sending emails to those not available at the 
time (due to different time zones etc.). 

09:30 Coffee break with colleagues. Discussing department-related activities. 
10:00 The head of department gathers part of the team for an ad-hoc meeting about 

projects. 
11:30 Back at the office summarizing actions. Searching in the computer and databases to 

find documents and calculations which serve as a base for sending emails. 
12:00 Lunch. 
 

The activities undertaken by the engineer in Table 5 differ to some extent compared 
to the two previous ones. This engineer has access to a system that only a few 
employees can access. Consequently, communication of information and knowledge 
from that system has to go through him. This activity is undertaken to support 
colleagues with expert knowledge to do their work.  

However, this engineer does not always have the holistic view that such tasks would 
benefit from to find the right knowledge or information in the system. Therefore, he 
has to confirm with the person that asked him for help to make sure he has found a 
suitable report. By doing so, he engages in reciprocal communication with other about 
experiences to complete the task. 

Table 5. A typical afternoon with an engineer at project management. 

Engineer - Project management 
13:00 Writing a specification at the request of another department. 
14:00 Searching the internal systems to find reports and calculations that serve as input to 

another request from a project. Discussing the work with the closest colleagues to 
get feedback on the work. 

14:30 Walking to another part of the building to find a person. By chance they meet each 
other in the hallway and discuss the issue, then he moves back to his desk. 

15:00 Reading reports; colleagues come and ask for information from a program. They 
discuss the result. 

15:15 Coffee break with colleagues. Discussing product and site-related topics. 
15:45 Planning meetings and sending email. 
16:00 Return to the specification, checking project portals and data in a report. 

Completing forms in an excel document to communicate with the project team. 
16:30 Small talk with colleagues about projects and different problems related to them. 
17:00 Using a program to check simulations and codes. 
17:30 End of the day. 
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Table 6 describes activities undertaken by the project leader. Status reports and the 
distribution of information to team members as well as the preparation of review 
meetings to allocate resources are all formal activities that are ultimately communicated 
among the team explicitly. 

Table 6. A typical afternoon with a technical project leader. 

Technical project leader 
13:00 Leading a distributed project meeting with sites in Sweden and globally. Participants 

are members responsible for different domains in the project. Reporting progress of 
activities—mostly related to action plans; allocating resources and problems that 
have been announced before meetings. The meeting ends with small informal 
discussions to explain work-related issues not made clear to everyone. 

14:30 Phone calls with head of a department to report on issues from the project meeting. 
15:00 Attending a weekly project review meeting with a chief project manager. Checking 

actions related to resources and time plans. 
16:00 Project-related discussion with a manager. 
16:15 Back at the desk, checking the computer and talking with the closest colleagues. 
16:30 Running a distributed meeting with a supplier and few domain areas to report 

progress. 
17:00 End of the day. 
 

From these observations the daily communication of experiences are suggested to be: 
 
• Highly relevant to performing product development activities: Engineers are 

predominantly involved in such actions to gain understanding and a broader 
view of problems.  

• Not acknowledged as ‘work’, if it is considered informal ad-hoc conversations: It is not a 
visible activity as formal meetings. 

• Supporting the development process in different degrees depending on function: Everyday 
decision-making in teams is supported through the communication of 
experiences while formal decision-making needs a higher degree of explicit 
knowledge related to the product at hand. 

5.4 Project transition 
The process of how knowledge is created tends to be complex, and the SECI-model 
(Nonaka et al., 2000) addresses four modes of knowledge creation: socialisation, 
externalisation, combination and internalisation. Knowledge communication is an iterative 
process to support activities undertaken in development work, and one can argue that 
the ways in which knowledge is communicated depend on the context as well as 
culture.  
The knowledge in a project often relates to the product at hand and less on the 

actual knowledge sharing process; the focus differs from where in the development 
process one is working. The consequence of knowledge transfer, in favour of 
knowledge sharing, can be that, one unit of an organization affects another unit (Argote 
& Ingram, 2000), thereby completing a task without turning it into an organizational 
asset. In that case, the concept of knowledge sharing—that is, the act of empowering 
people with relevant knowledge (Ipe, 2003)—is a more collaborative action with a 
broader view which includes meeting the needs of the recipients. 
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AE projects focus on investigating and developing features and technologies which 
are higher in risk and approved, thereby creating knowledge and learning from the 
process in relation to know-why and know-how. Meanwhile, an NPD project 
incorporates existing projects (e.g., AE project) and is responsible for bringing new 
products to the market—namely, collecting and managing knowledge that focuses on 
the object and relates to know-what. Figure 4 encompasses the dimension of what kind 
of project is involved in addition to the focus of such development work and 
knowledge transfer. 

 

 

Figure 4. Knowledge transfer within and between projects. 

 
Figure 4 illustrates how knowledge might be transferred at the project level between 

AE and NPD. The same four-phase process (i.e., planning, scoping, development and 
execution) used earlier will be used in this discussion, thereby making sense of Figure 4 
in relation to the section about personal orientation. 

The input to this process of developing new products starts by providing AE with 
temporal problems as part of the planning phase. The upper dashed arrow represents 
previous experience possessed by the team members (their pre-knowledge) as well as 
what they could explore from communicating within the company to support their 
work of creating an understanding of the problem. 

The upper left quadrant covers scoping—namely, learning from users and creating 
understanding or a holistic view of the situation in the AE projects. For instance, they 
could engage in activities which involve communication of experiences from users and 
hands-on experiences. Such activities are not focused on a product yet, resulting in the 
non-product-oriented label in Figure 4. 

The next (upper right) quadrant is the early stage of development, which incorporates 
creativity and idea generation in the learning activities. Activities in scoping and early 
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stages of development are linked to problem-setting, which is encouraged by insight-
oriented personalities. Moreover, the conversion of experiences into explicit 
knowledge serves as the basis for the knowledge transfer in the project hand-over to an 
NPD project and later stages of development. The diagonal line represents a kind 
suggestion, where a change between the first and second wave of knowledge 
management approach might appear. The conversion of experiences into explicit 
knowledge serves as a base to support NPD. Thus, the solid arrow should highlight the 
transfer of (explicit) product-oriented knowledge because of the managerial need to 
provide NPD with input to projects. 

The lower right quadrant starts in development and ends up in execution to realize a 
project by collecting explicit knowledge from inside and outside the NPD projects to 
share among the team. Management requires activities to be based on valid facts and 
explicit knowledge. 

The lower left quadrant involves tests with users and activities that will incorporate the 
explicit knowledge with reflections and feedback from customers using a product or 
prototype (i.e., learning by doing). In this phase, local knowledge is created within this 
team, which is not easily expressed in writings; however, it can have a great effect on 
ongoing projects. Such hands-on experience is valuable for development in new 
projects; however, the lower dashed arrow shows that this experience is not 
communicated back into a new AE project just because an opportunity exists. The 
experience is more likely to be communicated in special interest groups and upon 
requests when the need exists to gain insights from such experience in other projects. 

Based on this discussion, the activities performed in an AE organization are related to 
the second wave of knowledge management whereas work in an NPD organization 
aligns more with the first wave of knowledge management. One challenge due to the 
focus of knowledge in use is the communication between organizations; however, 
based on this understanding, great opportunities emerge for companies that understand 
the value of this vast bank of experiences that is not shared organization-wide. 
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6 Conclusion 
This last chapter encompasses the conclusions drawn from the studies and revisits the purpose of the 
thesis. Finally, this chapter outlines future research efforts based on what this work has contributed, 
given the new insights and questions that need to be investigated. 

Experience is commonly categorized as tacit knowledge; thus, it is not simply 
identified, captured or formalized. To incorporate experience into the organizational 
knowledge base, the approaches and methods have to be different compared to how to 
manage information or explicit knowledge. However, such instruments do not readily 
exist to aid in the transition of knowledge between projects. Still, it is recognized that 
many early decisions in product development rely on experience. 

The purpose of this thesis has been to; explore how experience-based knowledge is 
communicated within and between projects in a cross-functional organization. This is done in 
order to provide support for project teams to share experiences and sustain a broader 
knowledge base in start-up projects, ultimately decreasing time to market. Empirical 
data were mainly collected in a manufacturing company working with transport 
solutions and active in a business-to-business environment. The industrial data provided 
a description of the current situation and, from this, some major challenges were 
highlighted. In addition, engineering students participated in an experiment 
investigating individuals’ orientation to gain insights into how this affects knowledge 
sharing. It is important to consider individuals’ personal orientation as characteristics 
crucial for the informal communication of knowledge and experience. 

Together with the three appended papers, the situation of communicating 
experiences in early development was problematized and discussed in relation to the 
existing literature. The results indicate the importance of supporting the approaches for 
reflection in routine activities and how to communicate experiences inside and outside 
the project. The discussion rendered a number of reflections on the situation. First, the 
studies indicated that the quest for knowledge could be a matter of: 

 
• Knowing the logic to the quest: Is it knowledge to support non-product-oriented 

(tacit knowledge) activities or to serve as a basis for accomplishing a task to 
develop a component of the product (explicit knowledge)? 

• Understanding the context of knowledge: The knowledge could be of no use (old 
facts or not including the design intent) in one situation, but invaluable in 
another (e.g., state-of-the-art technologies or an underlying approach suitable in 
other non-product-oriented tasks). 

 
 
 



 Johan Holmqvist, To Communicate Experiences 

 42 

Secondly, the studies indicated that the knowledge sharing activities need to be 
reflected upon in light of: 

 
• Where in the process the activity occurs. 
• What needs initialize the search for knowledge. 
• The importance of distinguishing between activities that support explicit and/or experience 
sharing. 

 
Thirdly, the observations suggest that daily communication of experiences is: 
 
• Highly relevant to performing product development activities. 
• Not acknowledged as ‘work’, if it is considered informal ad-hoc conversations. 
• Supporting the development process in different degrees depending on function. 

6.1 Future research 
This thesis highlighted challenges in the industrial context and presented a discussion 
that serves as inspiration for future research. The empirical data in the thesis derive from 
a product development perspective, although there is a movement towards becoming a 
PSS-provider in the industry. In this context, the knowledge transfer issue is likely to 
become even more critical, such as determining how to manage complex business 
relationships between the company and its customers/users. 
Future research should perform similar studies in AE organizations and NPD 

organizations, using a questionnaire (e.g., MSLQ) to define employees’ individual 
orientation. The findings from the experiment with engineering design students 
introduced an area that would benefit from further research in an industrial context—
namely, how personal orientation impacts the way a team copes with problem-setting 
and problem-solving. Such an experiment could preferably adapt a knowledge activity 
perspective. Findings from the design experiment need to be further validated and 
would benefit from further analyses, such as involving other researchers in the analysis 
as well as using cross-analysis of the data to strengthen the results. 
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Collaborative user oriented design activities are difficult experiences that need to be practiced. Doing so in
a professional setting, but without prior experience, can and probably will jeopardize the whole project. So,
it is important for design education to offer students the possibility to collaborate in student projects and to
assign them to solve open-ended problems. However, it is of interest to find out how differing motivations
for individuals affect their team’s ability to successfully meet user needs. This has been investigated in an
experiment where students were categorised into two distinct models of design motivation. It was found that
one of these models was more apt to manage user orientation in the design team. In this paper, the design of
the experiment per se is outlined in order to invite more research within the area.

Keywords: User oriented design, team work, design experiment, motivation, communication.

1. INTRODUCTION
Companies today are using more interdisciplinary approaches in product development. The success
of such collaborative efforts builds on the team’s capability to create a shared design vision. Hence, a
key to success is sound communication within the team.
The information that the team can use to build a shared design vision comes mainly from

understanding what users or customers wish to achieve when they make use of the “to-be” designed
product. The team embarks from a point where they do not exactly know what to do or what the users
wish to do. This kind of problem is commonly referred to as a wicked problem [1], that is, much of
the necessary information is embedded in experiences and has to be interpreted into a new context.
Dealing with this kind of “soft” information is not straightforward, yet the team has to agree on what
to design, what user needs that the design should fulfil and in what way.
Rough, quick prototypes, for example, simple representations made of cardboard or everyday

things, can be used to support idea generation in early development phases. This is a feasible way to
communicate when managing radical innovation, but can also used in an incremental approach. One
warning against diving too deep into prototypes is that the teammight just be focusing on “What?” and
“How?” rather than the important question “Who?” [2], that is mainly focusing on problem solving
instead of first understanding potential users and problem setting. By beginning the innovation process
by asking “Who?” and not “How?” the potential for an efficient and repeatable processes is better, and
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above all creates possibilities for radical solutions rather than incremental improvement of existing
products. Interaction between players with different skills, background, and so on, contributes strongly
to the creative phases and the creation of new concepts, but such cross-functional work is not entirely
smooth and may jeopardize the entire project if not done thoughtfully. A contributing factor to the
difficulties of interacting and understanding each other’s perspective is that the team no longer manages
product requirements as first and foremost, but rather must find, interpret and build on customer
needs.
When a team is assembled it is primarily based on what there is at hand or on the competences

considered necessary in the future project. Besides skills and competencies, the success of the project
is much depending on each team member’s individual focus, regardless if it depends upon internal or
external factors or change over time. Hence, awareness of individual’s focus makes it possible to set
up a “dreamteam” that fits different purposes.
From experiences in teaching customer determined design approaches in both architecture and

mechanical engineering, we have noticed that students, when exposed to a wicked design situation,
tackle it with a variety of motivations. Some get frustrated and ask for more theoretical lectures, and
turn to us as teachers to provide themwith answers. Others gladly take on the task and more or less find
their own ways of dealing with the situation. Naturally, people are different and learn differently, but
these experiences have triggered an interest to discover how the student’s individual focus affects the
team’s problem setting activities. So, we set up an experiment to find out how the students individual
focus affected the team’s ability to design. The experiment was based on the assumption that a design
team consists of different skills and personalities at various levels.
One key challenge was to separate the students based on their different personal motivation. We

separated the students’ individual focuses into two categories, to describe how this was done is the
purpose of this paper. Thus, in this paper we present the rationale for the categorization and outline
how the experiment has been designed and performed. We do this in order to invite other researchers
to set up similar experiments.
One result of the experiment indicates that the students performed differently depending on how

they managed the “Who?” whether to a high degree or not. Results also indicate that the team
communications were performed in different ways and to different extents when one team was
compared to the other. The results from the experiment will be accounted for in another publication.
However, in this paper we would like to share how the experiment was setup to invite similar research
efforts in industry.

2. COMMUNICATION IN DESIGN TEAMS
It is hard to analyse and capture the reasoning and the actual understanding in design. But how a team
communicates gives a base for what is going on in the process. Design process has been summarized
into four basic elements by Stempfle and Badke-Schaub [3]:

• Generation
• Exploration
• Comparison
• Selection

The first two elements are divergent operations and aim to widen the problem space. Comparison
and selection are convergent elements of the design process that narrow the problem space. This is a
simplified model and describes the design process, but operations in such a process can just as easily
be divided into content focused task-work and process intensive team-work [4].
One picture of process and content related communication has been identified. By analyzing the

frequencies in team communication it was found that two thirds of the communication within teams
dealt with content [3]. It should be noted that these teams were likely heterogeneous with respect to
individual members’ motivation as dealt with in this paper.
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The two first basic elements (generation, exploration) in the design process tend to increase the
complexity of the problem space. A group of design learners that constantly tries to reduce the
complexity and evaluation of ideas will have a more ‘quick and dirty’ approach to the task.
Teams working in this kind of process will not put as much time and cognitive effort into the task

compared with the other process described by Stempfle and Badke-Schaub [3]. A second version of the
process is more suitable for complex problems. Ideas are analysed before any evaluations are made; a
rationale behind decision is elaborated as a. This process minimizes the risk ofmaking wrong decisions
because it allows for continual bricolage throughout the elaboration.
There are some conditions that have been mentioned [3] that will change a team’s use of the first

process to develop into the second kind of process, which is described to fit more complex problems.
Lack of common understanding will provoke questions as well as disagreement and challenging of
ideas, and conflict resolution will lead to analyses of solutions. Failure of the first process will lead to
analysing the already discarded ideas and solutions and that reflection and iteration indicate a change
into the second process. Adoption of a methodology in terms of using creative methods will change
the team’s process. The last condition proposed was individual self-reflection, which also contributes
to a more analytic approach close, related to the second process [3].

2.1. A model for prototyping communication
Early phases of design work describe a divergent mode, though treated differently depending on what
the team has to achieve. In a traditional problem solving mode (e.g., incremental improvement of
an existing product), converging all information in order to focus on that product is important to do
as early as possible. In radical innovation work, however, preserving ambiguity throughout the early
design activities is vital. The team looking for radical innovation has to define the problem before
they can solve it, thus they are widening the solution space rather than narrowing it in the planning
phase.
The approach of preserving ambiguity is commonly not applied in product development, so team

members are not used to, and do not feel comfortable in, this way of working. The use of early
rough communicative prototypes (different from the usual late prototypes used in field tests) support
communication in the team. The communication process based on such prototypes has been addressed
in a model [5], see Figure 1. The model is based on the idea that a common ground (i.e. when a team
has a mutual understanding of the design vision [6]) could also mean that the team is aware of its
members’ different perspectives.Hence, radical innovation is often theproduct ofmutual understanding
of different perspectives.

Figure 1. A model for prototyping communication [5].
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Probing is an explorative phase and the start point of the communication model in Figure 1. It
could start with an utterance, a team member expresses an idea and maybe explains it with making
gestures or a sketch. The probe is then conveyed to the team. The model proposes that the team then
acknowledges the probe, most likely with a gesture or a confirmative utterance. In this moment the
probe can either be positively encouraged or challenged. By acknowledging an idea in a negative way
it is likely that the team will drop the idea at this stage instead of further building on it. Thus, they risk
the potential of that “for the moment poor” idea to become a great one.
Another team member will interpret a probe, in order to build up an understanding. This could

be shared or contrasted understanding. Shared understanding is when an idea has evolved and the
team agrees and has nothing more to explore from the probe, and they start over with a new probe.
Contrasted understanding is explained as a waypoint towards either conflicting understanding or
common understanding [7].Whichwill result in the team’smaking new probes or iterating and building
on existing ones.

3. BASIC RESEARCH/APPLIED RESEARCH VERSUS MASTERY
LEARNING/PERFORMANCE LEARNING

An analogy can easily be made between the range of intent for researchers and that for learners: first
consider the differences between basic research and applied research and then compare those to the
differences between mastery learning and performance learning.
The following is taken from the United States Office of Budget Management (OMB), with regard

to basic and applied research [8, p. 8]:

“Basic research is defined as systematic study directed toward fuller knowledge or understanding
of the fundamental aspects of phenomena and of observable facts without specific applications
towards processes or products in mind. . . Applied research is defined as systematic study to gain
knowledge or understanding necessary to determine the means by which a recognized and specific
need may be met.”

Meanwhile, Pintrich, Marx, and Boyle [9, p. 176] have this to say about mastery and performance
learners:

“Students who adopt a mastery orientation are assumed to focus on learning, understanding, and
mastering the task while those who adopt a performance orientation are assumed to focus on
obtaining a good grade or besting others.”

The resulting analogy is that basic research, like mastery learning, is pursued for its own sake
while applied research, like performance learning, is conducted toward a particular end, whether it is
addressing the weakness of a product or attaining a desired grade.
However, the analogy requires a closer examination with regard to beneficiaries from performance

learning versus those from applied research. In the former case, goal accomplishment is centred on
the learner’s advantage, while in the latter, depending on the circumstances; goal accomplishment
might have nothing to do with the learner at all. Therefore, it will be more inclusive (and perhaps
less confusing to the reader) to refer to students who are expected to pursue specific goals as being
“goal-oriented,” both implying their performance orientation with respect to learning and allowing
that the research they perform during their designing will tend to be “applied” to accomplishing goals,
but without further explication of any of those specific goals, themselves.
Mastery learners, on the other hand, are more likely to recognize design processes as being

generalizable beyond the situations used to present them, that is, as having educational worth in their
own right, independent of course work. This coincides with a “basic” approach to design and research
as a practice to be cultivated, not necessarily for what it produces, but for what it represents as expertise
to the individual and as a resource for historical creativity indicating novelty on a social scale as
opposed to mere individual psychological creativity, and discussed further in Boden [10].
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Table 1. Categorizations of the student’s individual motivation.

Goal-oriented, based on: Insight-oriented, based on:

Performance learning Mastery learning
Applied research Basic research

3.1. Institutionalized Cognitive Dissonance
Thus, there are two incidents of cognitive dissonance that might be expected in a design course at the
university level:

• Performance learning with a goal orientation is depicted in educational psychology literature as
inferior to mastery learning, yet maps very well onto aspects of applied research that is often a
desirable pursuit in one’s professional career.

• Basic research and mastery learning, when those are aligned with radical innovation (a desirable
educational pursuit at university), could tend to circumvent need finding of users, which is a
fundamental activity for design in practice and, supposedly, design education.

This leads directly to a research question related to observation of insight oriented (mastery)
and goal-oriented (performance) students, working in homogeneous groups, in order to gain some
comprehension into what a particular course for engineering design students actually affords them. In
order to understand how personal motivation affected the result it was decided to divide the students
into these two categories in the experiment, as shown in Table 3.1..

4. DESIGN OF THE EXPERIMENT
Focusing on engineers and designers, or in this particular case, engineering design students and how
they communicate and prototype, the experiment was designed to follow early phases of a general
product development process [11]:

• Planning
• User analysis
• Product specifications
• Concept generations
• Concept selection

The main focus was delimited to two stages, namely user analysis and concept generation, because
in these stages the designer must encounter: what the problem is; who is involved; and how it can be
solved. The study was planned in a workshop format and the problem to be presented to the students
was selected to be of the open-ended type. The purpose for that is becausewhen an open-ended problem
is encountered much is up to the respondents with regard to interpreting the breadth and depth of the
problem. In this case a group of students would have the choice to freely interpret the question and
take actions according to that, that is, they could assume the role of designer, solving a problem for a
cause.
In general, design is defined as a change of an undesired situation into a desired one [12]. Successful

design activities are depend on a multitude of factors. Some factors might be, for example, the social
aspects of a design process, the degree of innovativeness desired, or the extent of satisfying the user
need. To be able to understand how design teams perform with these factors and communicate as out
model predicts, we decided to set up an experiment, blocking it by levels of individual motivation:
whether the students were goal-oriented or insight-oriented. A student’s individual motivation was
determined by using parts of the Motivated Strategies for Learning Questionnaire (MSLQ) [13], which
we used in the forming of two teams.
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By doing so, we ensured that either team would consist of designers from the extremity of an
orientation, and the analysis could then focus on the differences. The basic idea behind this setup is
the assumption that both types of the extremities exist in design activities but could have different
importance depending on where in the process they are utilized.
The experiment was staged in two different classrooms, isolating the teams from one another. In

both rooms students were given the resources to perform a creative session: whiteboards to write on;
other material such as paper, pens, scissors, and so on to prototype with; and enough space to freely
arrange the session. In each room, the researchers also had the possibility to position camcorders to
be able to record each session.

4.1. Selection of teams
How design learners adapt to one process or another might not be stable, in that it will most likely
change when the engineering design students have elaborated their competences. The first time they
are faced with a new approach of how to work, new materials or methods, the anxiety could be too
large a challenge to overcome, and therefore not a preferred situation. Independent of which learning
style or process that is used there are other parameters that have been found as more significant for
how engineering design students perform, those are; knowledge, intelligence and motivation [14]. As
previously mentioned, the Motivated Strategies for Learning Questionnaire (MSLQ) [13] can be used
to understand what types of students a group consists of. That is, to distinguish between students who
most likely would take a course with the goal to just pass tests and get a grade, and another type of
student who is motivated to learn and puts more effort into a subject and develops interest in a course.
The MSLQ consists of two sections, one about learning strategies, and the other about motivation

strategies. In the learning strategy section, three-fifths of the items deal with students’ cognitive
strategies, and the remainder with management of various learning resources. The motivation strategy
section of theMSLQ that we have used in this study to distinguish between the main focuses of student
motivation (i.e. goal-oriented or insight-oriented), consists of 31 items. This part deals with students’
motivation for taking a course in terms of anxiety to pass a test, student goals, and beliefs about their
skills to perform in a course.
The motivation section of the MSLQ consists of six sub-areas;

• Value Component: Intrinsic Goal Orientation—Why a student is engaging in a task (e.g., challenge
or curiosity).

• Value Component: Extrinsic Goal Orientation— Is there any extrinsic reason to take a course, such
as for grade, rewards or to be seen in competition.

• Value Component: Task Value— Refers to the perceptions of the value to the student of the course
material (e.g. interest, importance and utility).

• Expectancy Component: Control of Learning Beliefs— How the student’s engagement will result
in a positive outcome.

• Expectancy Component: Self-Efficacy for Learning and Performance — Self-efficacy is about
skills to perform and ability to accomplish a task; additionally, the expectancy refers to the task
performance.

• Affective Component: Test Anxiety— It refers to anxiety when taking a test; negative for academic
performance and could be reduced with help of training.

Two out of these 31 items were excluded due to difficulties to define whether they were more related
to goal- or insight-oriented focus;
I expect to do well in this class.
Considering the difficulty of this course, the teacher, and my skills, I think I will do well in this

class.
The reason for exclusion is that to do well in class could be to pass the exam for one student and

to learn and benefit from the class for others. The items in the questionnaire are basically statements,
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and the answering alternatives were a terms of a Likert scale from 1 to 7, with 1 representing “not at
all true of me,” and 7 as “very true of me.”
The engineering design students had to take the questionnaire in the first class meeting. They were

later divided into two groups depending on their main focus (i.e. one insight-oriented team and one
goal-oriented team) before the workshop in the third class meeting. To make this distinction for each
individual we took the mean value of the items that were defined as insight-oriented motivation and
subtracted the mean value of those items that were related to goal-oriented motivation. The students
with the highest values from that equation were designated as insight-oriented students.
Insight-oriented motivation means that the student wants to understand and learn the content of

a course. The goal-oriented motivated student has a focus on passing the course and might not be
as interested in understanding why he or she does anything in the course or how it could be used to
increase his or her learning.

4.2. Implementation/execution
The empirical study was performed on under-graduate engineering design students in one of their
project courses during one afternoon, in a workshop format. The students can be described as evenly
distributed female and male and in the same stage of degree program completion.
First the students were given a short introduction to the problem, to the model of the process and to

their task, followed by a video describing the problem context. They were also given a short document
providing the problem context. The problem was described as a “real life” problem, and stated as an
open-ended problem (i.e. there were no exact or quantifiable answers to the problem). Introduction of
the problem gave the students information that they were free to interpret themselves, but the context
gave them an environment that the problem could be related to.
To guide the students and to improve the process, twomethods for ideation were presented. The first

method was a normal brainstorming method, where the students were told to try to be positive, go for
quantity, build on each other’s ides, be open minded and contribute to the process. The second method
was presented as a simple need finding method, where the students were told to come up with, and
describe a typical stakeholder and his or her, age, occupation, needs, and so on. When the first session
started the students were told to use the brainstorming method as an approach for how to determine
a range of stakeholders and their needs. The need finding method was then used to analyze differing
stakeholders and their needs.
After the first session, the students had the opportunity to search formore information on the Internet

that they had possibly realized was lacking during the session. In the second session the students were
told to use the same brainstorming method but to focus at trying to find solutions to the needs.
After the first two sessions, which could be described as more divergent, the students went in to a

more convergent phase where they first played a computer game simulating a similar problem context.
Then they made physical prototype of their solutions (e.g., drawings, charades, physical artefacts,
stories). As a final step each team presented its concepts to the other team.
Each sessionwas attendedby the researchers,who also acted as facilitators for the process, clarifying

the assignment or answering questions related to the assignment. The data collection was done by
researcher observation of the students and written notes. Each session was also recorded on video for
later analysis, by camcorders located on both team sites.

5. CONCLUDING REMARKS
In this paper our efforts have been to outline the design of an experiment aiming to find out how personal
motivation affects team problem setting, as well as to present the rational for the categorisation of the
students into distinct orientations toward design. A key for a good experiment was the categorisation
of a student’s personal motivation. Our approach to block students by level of individual focus was a
feasible way, but performing such a test one should also be aware that motivation could be something
that depends on a lot of factors and can change over time and environment.
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Further, this kind of experiment generates rich data, both in terms of video and of observations.
We have used a so-called Design Observatory as the location for the experiment, meaning that video
recordings were readily made and design prototyping materials were at hand. This kind of rich
qualitative data offers several ways of analysis, so the experiment had to be designed with the analysis
in mind.
We applied three types of analyses on the data (observational, conversational analysis [15] and

horizontal [16]). From the analysis we found that the insight-oriented team did build their solutions
on their understanding of “Who?” i.e. they applied a customer determined design process and made a
solution that solved the problem on several levels of abstraction. The goal-oriented team did come up
with a solution that satisfied the course assignment, but did not meet real needs of users. For education
this is particular interesting for assessment and grading. Since this study is limited to a student course
such results is not extensive enough to be applicable in industry, therefore we hope that this paper
would encourage such studies.
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Abstract 

 

Individuals’ design models are oriented toward 
pursuing either goals or insights, and these 
orientations play an important role in how 
individuals work as a team. We have in this 
paper elaborated on how those orientations 
are interpreted as operations in design 
prototyping. Our study followed students as 
design learners working in teams for a studio 
course. Each team was composed of 
individuals having similar design model 
orientations. For the design exercise observed, 
the insight-oriented team employed a more 
user oriented design model. Although, the 
study was limited, its results indicate 
considerations for both industry (because 

conflicts among individual members’ 
fundamental orientations can cause costly 
delays in design projects) and for design 
education (how to facilitate understanding of 
and reflection about one’s own model as well 
as that of someone else). 
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Introduction 
The success of an innovation relies heavily on the 
generation of content upfront in the design 
process (i.e. where the ideas for the solution start 
to take shape). 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. A tendency to resolve the dilemma is for 
designers to 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 this is to go to the 
users and learn from their activities and 
behaviours (e.g., Patnaik & Becker 1999). 
 
However, when this approach is realized in 
product development there can still be a 
difference in preferences. The designers can, for 
example, focus on the product and how it is used 
and then search for how to improve the goods as 
such, or they can focus on the users (user efforts 
to fulfil their own goals, and on the means 
employed to achieve those) in order to find new 
solutions and products. Efforts at combining these 
two focuses are rare, but due to an increased 
acceptance of qualitative (Patnaik & Becker 1999), 
there could be a window of opportunity for such a 
two-sided perspective. 
 
Since managing user information is more of a 
learning effort than an effort to obtain a single 
right answer from the user, an engineering 
education should support this learning effort. If we 
assume that the activities of managing user 
information relate to a designer’s tendency to 
adopt a certain orientation toward learning 
activities, there are possibilities to study students 
(i.e. design learners) for the purpose of 
understanding how the individual’s orientation 
might affect early planning and design activities. 
Do design learners, either as individuals or teams, 
tend to seek diversification in their range of 
process and content operations (convergent and 
divergent activities for teamwork and taskwork, as 
posited by Stempfle & Badke-Schaub 2002), with 
the aim of eventually becoming experts capable of 
drawing from an extensive toolkit when problem-
setting? Or do they tend to avoid diversification 
and its initially elevated potential for failure from 

unfamiliarity, preferring to rehearse a model with 
which they are comfortable, sacrificing the range 
of their long term expertise in order to improve the 
probability of goal attainment via familiar 
operations in the short term? 
 
The design operations observed and reported on in 
this paper are associated with: encountering a 
situation for which an intervention seemed 
beneficial for those involved as stakeholders; 
generating multiple concepts that describe 
problems from the viewpoints of those affected; 
setting a problem to be pursued; and developing 
an innovation to address the problem (not 
necessarily a universally novel innovation, just 
novel to the situation; cf. Boden 1994 for 
discussion regarding extent of novelty). The 
instructional sequence employed for this study is 
detailed in the methodology section, but in order 
to establish the study’s context we note here that: 
the situation was a simulation of relief in the 
aftermath of a recent natural disaster in the 
Caribbean that had displaced hundreds of 
thousands of people, leaving them homeless for 
the foreseeable future; and that the students were 
architectural engineering students in a studio 
course at a university in northern Sweden. 
 
One benefit from investigating this area is that if 
the preferences for dealing with problems are 
made explicit for an individual, a design team 
could make use of that and direct people having 
suitable preferences into appropriate phases of 
the development process. Accordingly, for 
industrial practice such awareness could make it 
doable to set up a dynamic “dream team” that fits 
different purposes over time. Today, such teams 
evolve over time, but “nightmare teams” can 
occur, also.  
 
With regard to educational benefits, an instructor’s 
knowledge of individual preferences facilitates 
adjustment of instruction in order to perform more 
suitable learning and teaching activities. Students 
as design learners also have an explicit basis for 
reflection on the processes they espouse versus 
the processes they use when dealing with design 
problems (similar to the difference between 
espoused theory and theory in action discussed by 
Argyris & Schön 1974). 



 

Two categories of learning 
orientation 
Pintrich, Marx, and Boyle (1993, 176) divide 
learners into two categories, namely mastery 
orientation and performance orientation. Learners 
with a mastery orientation tend to focus on 
understanding a task or situation (e.g., designing 
better products or becoming more knowledgeable 
about a problem). Those with a performance 
orientation gravitate toward obtaining a good 
grade or excelling in competition, perhaps by 
correcting a product’s weaknesses in order for it 
to perform better in comparison to another.  
 
For a mastery orientation, accomplishment might 
have nothing to do with enrichment of an extrinsic 
origin (e.g., when improving a medication for 
which a researcher has neither a personal need 
nor profit interest). On the other hand, a 
performance orientation implies the existence of a 
goal providing some conspicuous advantage to a 
learner.  
 
However, because mastery is not always superior 
to performance, especially with regard to design in 
practice, we refer to learners expected to pursue 
understanding as being “insight-oriented”, that is, 
not only exhibiting a mastery orientation toward 
learning in general, but also allowing for operations 
to generate and explore concepts for the sake of 
that generation and exploration (in other words, 
basic research). By the same token we refer to 
learners who are expected to pursue specific 
goals as being “goal-oriented”, in the sense of 
having a performance orientation implying their 
tendencies toward defining and accomplishing 
goals in the manner of applied research. 

Research questions 
To step back momentarily, we based this study on 
two assumptions, the first having to do with 
diversity, that in professional practice a design 
office’s resources consist of differing skills and an 
assortment of personalities. Under those 
circumstances, when a team is assembled there 
is a balance struck between whoever is at hand 
and the competences considered necessary for 
the project being attempted. There is little 
opportunity to discover what influences learning 
preferences have, either in the direction of 
individual on team or vice-versa.  
 

In contrast, the educational backgrounds and 
training in design operations for participants in this 
study are more uniform across individuals than 
could be anticipated for a professional office, and 
there was less multi-disciplinarity expected in 
approaches to problem-setting (and development 
of innovation as problem-solving). This is because 
all participants were in the same stage of the 
same undergraduate program. Instead, what is 
afforded by establishing preferences for learning 
orientation as the unit of analysis in this context is 
a glimpse into the interaction of individuals and 
teams having similar preferences.  
 
The second assumption was that an individual’s 
tendency toward learning orientation would have 
an impact on how the design operations would be 
conducted within a group (i.e., not only how 
design models might differ between groups of 
individuals, but actually be in conflict within a 
group). The choice of a design model is based on 
the considerations of what problem should be 
addressed, so, depending on the conditions at 
hand and how those are interpreted by the 
members of a group, there can be competing 
models in various versions available for dealing 
with a problem, some perhaps appearing more 
effective or efficient than others.  
 
For example, in projects with the intent of general 
innovation there is no predictable goal to focus the 
inquiry regarding who all the stakeholders are or 
how the result of an intervention that is itself 
evolving through iteration might affect all of them. 
This initial need finding of stakeholders is a 
fundamental operation for experts in design 
practice as well as for design learners, but a 
tendency for a goal-orientation could short-change 
the initial activities. To understand the impact of 
tendencies of problem-setting and problem-
solving, we thought that teams of either all goal-
oriented or all insight-oriented design learners 
would more likely demonstrate the reinforcement 
or suppression of individual preferences in pursuit 
of a team’s preference than mixed teams would.  
 
The interest in how groups of individuals work as a 
homogeneous team (i.e., all members being 
insight-oriented or all goal-oriented), and how 
those preferences in orientation affected the 
design model, led to the formulation of the 
following research questions:  



 
 

• How are insight and goal orientations 
expressed as operations in 
homogeneously aligned teams?  

 
• How would operations differ (by degree 

or by kind) between those expected from 
individuals and those actually used in 
teams? 

 
• What operations would teams share, 

regardless of insight or goal orientation? 

What design models might 
design learners tend to favor? 
Design learners’ tendencies toward one 
orientation or the other might not be stable, in that 
they might change when learners have elaborated 
their competencies. The first time they are faced 
with a new approach to materials or methods, the 
anxiety could be too large a challenge to 
overcome, and therefore not a preferred situation. 
Independent of which learning style or process 
that is used there are other parameters that have 
been found as significant for how design learners 
perform, those are; knowledge, intelligence and 
motivation (McKeachie 1995).  
 
In the progress of design operations, imposing 
clarity on ambiguity demands purposeful 
engagement and directed effort from 
undergraduate design learners at a level that is 
unprecedented 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, many undergraduate programs in 
engineering do not deal with design until the very 
end of even that course work. Currently, learners 
pursuing such a program cannot be expected to 
have much experience in what operations are 
useful for designing, although they are preparing 
for design intensive professions and might benefit 
from more exposure to design operations 
throughout their undergraduate courses at all 
levels.  
 

Not everyone feels comfortable right away with 
confronting ambiguity, and we expected individual 
design learners to cope with this discomfort by 
resorting to either one or the other of two 
fundamental methods for doing so, that is, 
exploitation versus exploration (Benner & Tushman 
2003, cf. basic science versus technological 
innovation as described by Stokes 1997). Insight-
oriented learners, motivated to make sense from 
an ambiguous ill-defined situation might then set 
themselves a problem for transforming that 
situation, from which the clarity of both overall 
situation and particular problem would evolve 
through several iterations of information seeking 
and knowledge sharing as basic science. Goal-
oriented learners would tend to settle on a 
problem and goal as rapidly as practicable, and to 
produce criteria for a problem from collecting 
stakeholder viewpoints, to solve the problem by 
introducing a technological innovation meeting the 
criteria, to collect their payment (e.g. credit 
associated with a university course), and finally to 
move on to the next problem.  
 
From this, two main types of design models can 
be seen. One model builds on the characteristics 
of exploitation, basic science and insight-
orientation; we call this model problem-setting. 
When applying this model designers emphasize 
understanding the task and learning about 
stakeholders and their needs, building gradually 
and iteratively to the definition of possible 
outcomes. The other model builds on the 
characteristics of exploitation, technology 
innovation and goal-orientation, and we call this 
model problem-solving. When applying this model 
there is an emphasis among the team to steer a 
task toward a goal that is settled early on and then 
maintained throughout any subsequent 
investigation of the stakeholders.  

Methodology 
The design learners participating in this study 
were undergraduate architectural engineering 
majors taking a studio course at a university in 
northern Sweden. The course was an introduction 
to design, so the learners were not yet experts, 
but rather experts in the making. Their assignment 
for this study was to design 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. As a constraint for the task 
participants were asked to use 20 foot long 
standard shipping containers as a basis in their 
design considerations.  
 
In addition to being shown video clips about the 
natural disaster, participants were encouraged to 
find out more about the stakeholders. Further, they 
were provided a rough process to follow (outlined 
per Ulrich & Eppinger 2008):  
  

• Planning 
• User analysis 
• Product specifications 
• Concept generations 
• Concept selections 

Distinguishing individual learning 
orientation 
As a widely recognized instrument in educational 
psychology that has been validated in numerous 
previous studies, the Motivated Strategies for 
Learning Questionnaire (known as the MSLQ, as 
constructed and reported by Pintrich, Smith, 
Garcia, & McKeachie 1993) was helpful to 
distinguish between students’ preferences: who 
would be considered being goal-oriented and who 
would be considered being insight-oriented. The 
MSLQ was used to divide the students into these 
two groups.  
 
The MSLQ consists of two sections, one regarding 
motivation strategies (that we used in this study) 
and the other dealing with learning strategies (that 
we considered to be of only marginal use in this 
particular study). This is in keeping with 
McKeachie (1995) who posits that motivation is 
one of three factors that predict engineering 
design learners’ performance (the other two being 
knowledge and intelligence, with analysis of which 
constructs we did not deal extensively in this 
study).  
 
The MSLQ’s motivation strategy section consists 
of 31 items arranged in six categories. The items 
in the questionnaire are typically declarative 
statements, and are answered in terms of a Likert 
scale ranging from 1 to 7, and anchored with 1 
(not at all true of me), and 7 (very true of 
me). Responses to these items reflect learners’ 
motivation for taking a course in terms of: 

 
1. Value Component: Intrinsic Goal Orientation 

probes why learners are engaging in a task 
(e.g., challenge or curiosity). 

2. Value Component: Extrinsic Goal Orientation 
asks if there is any extrinsic reason for 
learners to take a course, such as for a grade, 
rewards or to be seen in competition. 

3. Value Component: Task Value elicits learners’ 
perceptions of a course’s value (e.g. interest, 
importance and utility). 

4. Expectancy Component: Control of Learning 
Beliefs examines how the learner’s 
engagement could result in a positive 
outcome. 

5. Expectancy Component: Self-Efficacy for 
Learning and Performance inquires about 
learners’ skills and ability to accomplish a 
task. 

6. Affective Component: Test Anxiety inquires 
about a negative influence on academic 
performance and how that could be reduced 
with help or training. 

 
Two out of the 31 items were excluded due to 
researcher difficulties with determining whether 
they were more related to goal-orientation or 
insight-orientation, the items being: “I expect to 
do well in this class”; and “Considering the 
difficulty of this course, the teacher, and my skills, 
I think I will do well in this class.” The reason for 
exclusion is that to do well in class could be to 
pass an exam for one student, and for others to do 
well could be to learn and benefit from the class 
(whatever the grade), so learners with either 
tendency would regard these items as important 
to success, preventing any distinction to be made. 
 
In the first class meeting of the term, architectural 
engineering undergraduates gave voluntary 
informed consent to participate in the study, and 
then responded to the MSLQ motivation strategy 
items. To then determine a preference-based 
distinction, we took the mean value of the items 
relating to insight-oriented motivation for each 
individual and subtracted the mean value of those 
items that were related to goal-oriented 
motivation for the individual. We then made a 
median split of the results, higher values indicating 
insight-orientation and lower values indicating 
goal-oriented motivation, with respect to this 
particular group of students.  



Thus, on the basis of these responses, each 
participant was assigned as a member of either 
the insight-oriented team or the goal-oriented 
team, before the workshop in the third class 
meeting when the study was administrated. In the 
two teams that were now formed, the students 
were in the same stage of degree program 
completion, and evenly distributed as female and 
male. Each team consisted of 6 students (a total 
of n  = 12).�
Administration of instructional 
material and data collection 
The study was administered in its entirety during a 
regularly scheduled class meeting in one 
afternoon, in a workshop format that lasted three 
hours. The three hours were divided into three 
sessions of roughly equal length, with breaks in 
between. The study was performed in a specially 
outfitted Design Observatory, which provides two 
rooms for observation of teams. Throughout, the 
teams were separated from one another, although 
they met in adjacent rooms so isolation was not 
complete. Finally, each team made a presentation 
to the other. 
 
With regard to the disaster relief situation used in 
this study, design learners initially were scaffolded 
with useful examples of content and process 
operations. We did this because we were 
concerned that lack of expertise might delay the 
implementation of their familiar problem-setting 
and innovation development operations. That is, in 
an attempt to minimize detrimental effects to the 
study from lack of learner expertise, such as 
spending too much of the three hours on 
organizing a search for data, we reduced the need 
for participants to devote their cognitive resources 
to such an effort.  
 
We 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. To scaffold process 
operations, we presented and reviewed simple 
ideation techniques such as brainstorming, 
persona generation, and the seeking of common 
ground through group explication and 
disambiguation of the terminology to be used. 
 

In the first session, the students were given a 
short introduction to the situation from which they 
were to derive their problem. This included 
presentation of a 15-minute 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) who made an appeal for help to the 
participants, underscored by the threat of further 
hostile weather conditions. Participants 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 
participants information about the context that 
they were free to interpret for themselves.  
 
Two operations for ideation processes were then 
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. The second operation was presented as a 
simple need finding process involving personas 
(Grudin & Pruitt 2002) where the participants were 
told to invent and describe a range of typical 
stakeholders (age, occupation, needs, etc.). 
Participants were told to use the brainstorming 
method as an approach to determine a range of 
stakeholders and their needs. The need finding 
method was then used by the design learners to 
analyze differing stakeholders and their needs.  
 
In the second session, participants had the 
opportunity to search the Internet for information 
that they had realized was lacking during the first 
session. Participants were told to use the same 
brainstorming process as in the first session, but 
this time but to focus on finding solutions to the 
needs.  
 
After the first two sessions of divergent 
operations, participants attempted a convergent 
operation in the third session where they first 
played a computer game simulating a context 
similar to that of their situation. Then they made 
physical prototypes of their solutions (e.g., 
drawings, charades, physical artifacts, stories) 
from materials provided by the researchers and of 
equal quality and quantity to both teams. As a final 



 

step each team presented its, identified needs, 
concepts and problem solution prototypes to the 
other team. 
 
All sessions were attended by the researchers, 
who alternated their time spent with each team, 
acting as facilitators for the operations and 
content, and clarifying or otherwise answering 
questions related to the assignment. Likewise, in 
this study the questions posed to design learners 
were intentionally crafted to be open-ended, and 
the design learners who participated did not have 
access to an exact answer because no exact 
answer existed. Researchers made written notes 
during immediate observation of and interaction 
with the participants. Each session was also 
recorded on video for later analysis, by 
camcorders located on both team sites.  

Analyses of the data 
First, the video taped material was analysed in an 
open coded way. From this we could find out 
interesting sequences and excerpts for further 
analysis, as well as derive our initial description of 
what each team did. 
 
Secondly, we turned to Stempfle and Badke-
Schaub (2002) and Bánáthy (1996) for 
categorizing of operations used in these models as 
either divergent (generative, as in the case of 
ideation, or explorative, as with iterative 
experimentation) or convergent (comparison and 
selection as when one formatively assesses and 
evaluates alternatives that would inform a 
successive iteration). Additionally, each of these 
categories can deal with both content (what 
Stempfle & Badke-Schaub call task-work, as in 
what is being investigated: an existing situation; 
an innovation; an intervention based on the 
innovation; an instrument to measure effects of an 
intervention; and the effects, themselves) and 
process (what Stempfle & Badke-Schaub call 
team-work, as in how an investigation occurs: 
probing the background of a situation; developing 
an innovation in response; implementing an 
intervention that employs the innovation; making a 
measurement of the intervention’s effects; 
reflectively evaluating the effects of the 
intervention as to whether those were harmful or 
beneficial and to whom).��

Empirical results  
In the following section, we account for how the 
two teams reasoned when accomplishing their 
design efforts. To facilitate further reading, the 
two teams’ composition is explained below: 
Goal-oriented team: 
A - Male student  
B - Male student  
C - Female student  
D - Female student  
E - Female student  
F - Male student  
 
Insight-oriented team: 
G - Female student  
H - Female student  
I - Male student  
J - Female student  
K - Male student  
L - Female student 

Scoping of the design task – 
divergent phase  
From the activities where the design learners were 
encouraged to delimit a scope for their task and 
identify users and their needs, the data indicates a 
difference in the “who?” focus of the teams.  
 
The goal-oriented team talked about actors in the 
situation being presented 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 they do not feed that information 
into the planning phase in a structured way. 
Instead, they jump into solutions, such as this 
response to an utterance about how to keep order 
during the rebuilding the society. 
 

B: “Then we need someone that 
could keep the order, Police 
Officers or the like…” 

 
(Goal-oriented, Session 1, Tape 1, 5.35 min) 

 
The insight-oriented team discussed stakeholders 
on another level of abstraction, and thus 
performed another round of establishing scope for 
the task. Their discussions ended up in a list of 
users with different skills, different ages, and 
different disabilities, and they assigned distinct 
characteristics to a variety of people affected by 



the disaster. After a short period of silence 
following the initial search for a scope, one of the 
team members suggested: 
 

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?” 

 
(Insight-oriented, Session 1, Tape 1, 5.30 min) 

 
And this statement started another iteration of 
probes, acknowledging and interpretations.  
 
These excerpts provide examples for how the 
goal-oriented team stayed confident with 
exploring stakeholders and the situation at one 
overarching level of abstraction. Subsequently, 
this not only resulted in a shorter period of time of 
planning, scoping and user analysis, but also 
provided a scarce design rationale for the 
prototyping. While the insight-oriented team did 
their exploration on several level of abstractions 
going into deeper detail of stakeholders and the 
situation. Thus, they spent a slightly longer period 
of time on these divergent and explorative phases, 
but as a return on their investment they could 
provide a user-grounded rationale for their 
designs.  
 
From their list of actors, the goal-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… They can take 

rainwater instead?”  

 
(Goal-oriented, Session 1, Tape 1, 7.15 min) 

 
The insight-oriented team used their list 
in a different way. They started by 
deducing needs that are shared for their 
stakeholders, what the team calls basic 
needs: 
 

H: “We could go with the basic? 
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.” 

 
(Insight-oriented, Session 1, Tape 1, 7.10 min) �

These excerpts also indicate that needs are 
differently interpreted by the teams. The goal-
oriented team related needs to physical objects 



 

(water, shovels, trucks, etc.) or to solutions (police 
officers as a solution to preserving order). For this 
team, the probes included either a solution or a 
physical object. Thereby, the exploration was 
focused around these and did not diverge from the 
settled goal.   
 
The insight-oriented team tied their definition of 
needs to human basic survival as, for example, 
shelter, belonging to a social group, and so on. 
This team covered a wider solution space in their 
exploration phase by this more intangible and 
solution free interpretation of needs.  
 
For the sake of the assigned task, both teams 
could account for stakeholders, needs, and the 
interpretation of a problem to be addressed from 
the situation, yet their design problems were 
differently scoped and planned. In our 
interpretation, the goal-oriented team planning 
pointed towards a tendency for a problem-solving 
design model, and the insight-oriented team for a 
problem-setting design model.  

Building concepts – convergent 
phase 
In the second session, participants had the 
opportunity to search the Internet for information, 
but also to do a brainstorming session with the 
focus of generating solution ideas and starting to 
build concepts needed to express and debate 
these solutions.  
 
The goal-oriented team divided into two groups 
(three team members in each group). They also 
split among themselves the problem as they 
defined it. One of these two groups is discussing 
how the need for water can be solved: 
 

B: “Ok, we can ship it to the place, 
drill a whole 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” 

C: “Knowledge?” 
[…] 
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 

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 Sweden we use water 

towers to store water." 
 

(Goal-oriented, Session 2, Tape 2, 15.40 min) �
The goal-oriented team circumscribed their 
solution space, converging toward a solution from 
the start. Seemingly, the team found it 
comfortable to elaborate on only the three 
solutions that they had previously identified. Also, 
they confined their discussion to objects, rather 
than human beings.  
 
This early and rapid delimitation of the design 
space in relation to their interpretation of the task 
can be observed in several discussions. For 
example, when one of the team members 
suggests to include transportation to the site as 
part of the task.  
 

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]. 

 
(Goal-oriented, Session 1, Tape 1, 25.05 min) 

 
The goal-oriented team did not build on each 
other’s ideas. Rather the questions asked (the 
probes) were related to the solution as a 
consistently defined object, with the aim of finding 



more information related to that object. And, as 
long as the information brought clarity to the 
progress of the solution, the team seemed 
satisfied to accept and incorporate it.  
 
The insight-oriented team performed a brainstorm 
to find solutions for 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 
session and started to talk about how to use the 
containers as homes.  
 

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.” 
[Visualising with her hands] 

L: “Yeah, and there are lots of 
hillsides in Haiti (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]. 

 
(Insight-oriented, Session 2, Tape 2, 42.05 min) 

 
The insight-oriented team made use of their 
distinction between solutions (roof) and needs 
(habitable conditions inside). This team typically 
built on their ideas by acknowledging, probing and 
starting new rounds of ideation to improve the 
ideas. At the same time they reflected on and 

explored the problematic situation as a task that 
was still being defined.  

Combining concepts – divergent 
phase 
The goal-oriented team continued to work in two 
smaller groups. And the group that was assigned 
food-and-water related problems continued their 
discussion: 
 

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?” 
 

(Goal-oriented, Session 2, Tape 2, 54.30 min) 
 

The goal-oriented team did not combine 
concepts to improve their solutions. In their 
discussion they seemed concerned with 
checking that all the requirements were met 
that they had imposed on the task. Any 
problem that was not considered to be 
included with the task was then excluded 
from their solutions space. Also, the division 
of the task into a responsibility for each group 
seemed to restrict their interest of combining 
concepts. They seemed determined to not 
enter each other’s area of responsibility.  
 
The insight-oriented team had another 
approach: they stayed together as one group 
through out the sessions. Although they had 
discussions in smaller sidebars, despite 
standing together, after such a discussion, 
they usually shared their ideas with the whole 
group. In this way, they remained satisfied 
with acknowledgment of their comments.  
 



 

However, on one occasion different concepts 
came up in the side-conversations, and this 
idea was brought up for discussion when the 
team was gathered in front of the whiteboard. 
That is, the team started to combine their 
concepts:  
 
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 primitive house” 
[primitive as in 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” [materials 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 that are explained 
below] 

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.” 

 
(Insight-oriented, Session 2, Tape 2, 37.40 min) 

 
The insight-oriented team did not restrict their 
solutions to any specific boundaries of the task. 
Rather, the task evolved as their exploration of 
ideas evolved.  

Discussion and conclusion 
We have in this paper elaborated on: (1) how 
fundamental learning orientation are interpreted as 
operations by students in homogeneously aligned 
teams: (2) how those operations would differ 
between what is expected and what is actually 
used: and (3) what operations that teams share 
regardless of fundamental learning operations. 
Design learners, from a studio course were 
assigned to prototype solutions for people 
suffering from the aftermath of a recent natural 
disaster in the Caribbean.  
 
From what we have observed, our analyses 
showed that the two distinct learning orientations, 
goal-oriented and insight-oriented, resulted in 
different operations in basically three types of 
actions. We have called these types, scoping of 
the design task, building concepts and combining 
concepts. The goal-oriented team’s operations in 
these types of actions were aimed toward 
problem-solving (i.e., narrowing the scope 
towards one problem, gathering information about 
that problem and solving it). By doing this, the 
team excluded users’ point of view; they did not 
perform a user oriented design process even 
though they were assigned to do so. Another 
consequence of the goal-oriented team’s problem-
solving tendency is that they did not combine any 
concepts, thus they did not improve their 
solutions. Yet another interpretation is that the 
goal-oriented team did not exceed their comfort 
zone of performance, meaning that their way of 
thinking, and also what they already knew, did not 
expand to include personally novel approaches to 
prototyping, whether that experimentation would 
have been helpful or not. Consequently, they might 
not have improved upon their known practices of 
prototyping either.  
 
The insight-oriented team’s operations in these 
types of actions were aimed toward problem-
setting, (i.e., exploring the scope in relation to the 
situation as a whole, gathering information from 
the users’ point of view, deciding upon what could 
be defined as a problem and solving and resolving 
through multiple iterations). The insight-oriented 
team did combine concepts, thus improving their 
solutions. Also, their insight-orientation made 
them scan the situation in a wider sense and they 
included users’ points of view throughout their 
design process. By opening up the design space, 



they could have been at risk of ending up in 
confusion of what problem to solve (the fairly open 
and unspecified design task that they were 
assigned did also contribute to such risk). One 
consequence of being insight-oriented with a 
tendency towards problem-setting could be that 
such a team gets caught in definitions of 
situations and then not attempting any solutions at 
all. Yet, here it seemed like the insight-oriented 
team’s user orientation eliminated such problems.  
 
Finally, the learning orientations toward insight- or 
goal-orientation were interpreted by the teams 
into distinct operations, namely aiming for 
problem-setting or problem-solving. The teams did 
share operations regardless of the fundamental 
learning operations (e.g., what made it possible to 
categorize the data into three types of actions). On 
the other hand, the level of abstraction of the 
situation (as a problem to be solved or as a 
situation to improve) did differ, as did the focus on 
objects (a house) or people (a good life). Basically, 
this study indicates that insight-orientation and a 
tendency to problem-setting bring in a “who?”-
focus, but also relate it to a “what?” 

 
For education purposes, t his study exemplifies 
considerations for problem based learning and 
student projects. What if insight-oriented and goal 
oriented students are mixed in one group, as they 
are bound to be if no effort is made to keep them 
separate? Do they need more teaching support? 
These considerations are candidate topics for 
further research.  
 
For industrial purposes, this study exemplifies 
considerations for how teams could be put 
together. It seems risky to have a goal-oriented 
team when the intention is to focus on user’s 
preferences, and it seems equally risky to have an 

insight-oriented team perform product realization 
activities in short term projects. Commonly, 
industrial teams are put together by bringing 
together personnel available at the moment. But, 
what if companies could apply methods to 
compose teams having motivations appropriate to 
the task at hand?  This is a topic that we will 
continue to explore in our further research efforts.  
 
We have not noted any difference in how those 
operations would differ between what was 
expected from individuals and what was actually 
used in teams, i.e. individual learning orientation 
affected the team as a whole. This could be a 
consequence of how the experiment was 
designed (i.e. using homogenous teams). 
However, attempts to make a difference can be 
seen in the data, for example when an individual 
was questioning a situation and the effort was not 
acknowledged by the team. What kind of 
phenomena do not allow the question to be 
acknowledged and further explored is utterly 
important, as in avoidance of groupthink in teams. 
Hence, this is a suggestion for further research.  �
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Abstract 
An extension towards service provision takes place in manufacturing industry. Inclusion of softer service aspects 
indicates that the common view on knowledge management to control and monitor a technical process have limitations. 
Sharing expertise is an additional way of managing knowledge particularly with the intentions to make experience based 
knowledge organizational available.  By studying product developers’ daily work, especially how they perceive that they 
apply and share knowledge, we problematize knowledge activities in product-service development to discuss the 
established knowledge management activities. The paper suggests some considerations to support the development of 
a knowledge base for product-service design.  
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1 INTRODUCTION 
Today, most companies in a business-to-business environment act 
on a global market. Besides distance and different time zones, such 
work is also challenged by organizational and cultural differences. 
In this turmoil, an industrial move towards Product-Service Systems 
(PSS), i.e. an integration of products and services aspects in early 
development where the outcome is provided as a function in a 
service way, is going on. The integration of products (tangible 
goods) and services (intangible activities) elements is not 
straightforward due to being based on completely different logics 
[1]. These challenges make knowledge work and knowledge 
management an interesting topic from a research perspective, while 
from an industrial perspective capabilities to handle the situation 
could be a matter of survival.  

There is also a variety of computer based tools that aid technical 
development. Due to the explicit nature of knowledge the ways of 
managing technical product related knowledge are well established 
development activities and processes. So, on one hand, technical 
product related knowledge could be categorized as explicit since it 
can be captured and formalized. On the other hand, services are 
based on experience based knowledge, i.e. tacit knowledge, for 
example customer perceived value [2], thus such knowledge can as 
well reside outside the company. Thereby, some vital aspects of 
experience based knowledge are difficult to pinpoint and to 
articulate. Commonly, services are described as activities that are 
co-produced with customers at their time and choosing [3]. 

Experience based, tacit knowledge is since long ago recognized as 
an important part of product development [4], though its 
ambiguousness is evident. For instance, gut feeling or intuition is 
not a valid decision base, yet they are recognized as affecting 
decisions. Consequently, this type of knowledge is not made explicit 
and is not documented to feed input into new projects. The fact that 
tacit knowledge is not simply identified, captured, formalized or 
reused contributes to this situation. It can be argued that there are 
reasons for either ignoring to incorporate such knowledge in the 
organizational mind, or for failing in doing so. For instance, tacit 
knowledge cannot be collected in a similar manner as explicit 

knowledge; hence it needs other methods than those established in 
traditional product development. Due to its stickiness [5], i.e. it is 
context dependent [6], it is difficult to transfer into written text. And, 
it has to be interpreted in a holistic manner. Written text is a 
common way to capture, for example lessons learned in product 
development. When tacit knowledge is collected, it usually results in 
a vast material; consequently it is a tedious work to identify 
candidate information. Further, due to its contextual dependency, 
attempts to capture and reuse it risk to detach it from its 
background. Thus, the good intentions can result in building 
knowledge silos [7].  

Basically, tacit knowledge is embedded in peoples’ minds and 
senses, thus it is not only hard to capture and formalize, but it also 
follows the employees when they leave the company. When this 
happens, it takes time for the company to replace what was lost; 
hence it can cause expensive delays in projects etc.  

A way to make experience based knowledge an organizational 
asset is via socialisation [8], e.g. when people talk about their 
abstract know-how and share their experiences with colleagues. 
Stories about how you, partners, colleagues and so forth have dealt 
with a situation, successfully or detrimentally, support the creation 
of an organizational culture, but are also a way to share tacit 
knowledge. However, in technical product development, sharing of 
experience-based knowledge might not be supported. We have 
studied technical product developers’ work to understand how 
knowledge is shared. Based on this, the purpose of the paper is to 
discuss established knowledge management activities to suggest 
some considerations to support the development of a knowledge 
base for product-service design.   

 

2 METHODOLOGY 
The result presented in this paper is built on an empirical study from 
manufacturing industry. This is an exploratory study from which it is 
difficult to draw general conclusions. The data is part of a more 
extensive study, which aims to prescribe methods and tools for 
expertise sharing in technical product development, whereas this 
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paper describes some of the industrial practice. Hence, the paper 
present a glimpse of an ongoing study performed in two joint 
industrial/academia research projects. And, the generated data 
have been used as a part of a pre-study for two research projects.  

The two companies, share the same parent company, are active at 
two different markets, but have a common product development 
process. Both of the research projects focus knowledge sharing in 
technical product development, but differ in terms of particular 
interest in team-based innovation and tools for knowledge sharing. 
Background material has been generated in company visits and 
workshops at the companies.  

The companies have assisted in finding interesting respondents 
based on a description of interest areas. A questionnaire has been 
answered by 7 respondents and 3 interviews have been performed 
at company A. The interviews were performed with engineers from 
the methods development domain. At company B, 8 respondents 
have been interviewed. The interviews followed an interview guide 
with predefined questions. All questions were focusing on the topics 
knowledge, engineering knowledge and approaches for knowledge 
sharing. Intentionally, we have not defined knowledge in our 
questions, rather the respondents were free to base their answers 
on what they perceive as knowledge. And, all interviews were semi-
structured, i.e. the respondents could formulate answers freely and 
the researcher can pose follow up questions on interesting topics.  

  

3 KNOWLEDGE MANAGEMENT 
Commonly, product development is described as knowledge 
intensive work. Though, depending on the prevailing perspective, 
what kind of knowledge it involves differs. Particularly for PSS 
situations it is concluded that there are differences between an 
industry and technologist view versus a service research and 
service perspective point of view [9]. For manufacturing companies, 
moving towards PSS, there is a challenge in integrating the service 
aspects in the development process and so far many companies 
that offer services do not fit these with the existing Product-Service 
System [10]. 

A comparison of competing paradigms of product development in 
academic communities have recognized marketing, organization, 
engineering design and operations management as main conflicting 
perspectives [11]. Particularly the view on products differs between 
the perspectives (p.3). From a marketing perspective the product is 
“…a bundle of attributes”, making customer preferences of those 
attributes important knowledge. From an organizational perspective 
the product is considered to be “…an artefact resulting from an 
organizational process”, making knowledge of creating internal 
workflow vital. Engineering design views the product, first as 
something discrete and manufactured [12], second as a “…a 
complex assembly of interacting components” [11], making 
knowledge about the technical device and its interfaces a priority. 
Finally, the operations management point of view defines a product 
as “…a sequence of development and/or production steps”, 
indicating a focus on process knowledge. And, all these divergent 
views on knowledge insist on different performance metrics, 
decision variables and success factors [11]. Hence, the knowledge 
management insists being performed differently. Within adjacent 
areas, earlier studies have been done but from another perspective 
[13]. 

Knowledge is commonly described as contemporary organizations’ 
most important resources. Though, in product development 
literature the view on knowledge is typically described from an 
engineering design perspective. Thereby, formalizing and storing of 
knowledge for the purpose to reuse it is in focus [14]. The 

engineering design expertise can be formulated as “rules of thumb” 
and applied in knowledge based systems applications [14].  

Knowledge management can be divided into two main approaches 
[15][16]. The first focuses on gathering, collecting, storing and 
reusing knowledge, mainly as a method to control and monitor, for 
example, a development process [15]. The second focuses on 
knowledge creation, integration and sharing, mainly applied to 
bolster human components of knowledge [17]. The second 
approach is commonly called knowledge sharing or expertise 
sharing [15], rather than knowledge management. In expertise 
sharing, the problems of cross-boundary knowledge work and 
social aspects are recognized [17]. The aim for knowledge sharing 
is to support communication, learning and organizational knowledge 
[17], consequently it gives knowledge management the task to 
transform tacit knowledge into explicit knowledge, as well as 
transform individual knowledge into organizational knowledge. 
Commonly, such a transformation is explained to depend on a 
change in mindset, similar to the change into “Toyotism” or “Just in 
Time” required a change of mentality rather than a change in 
“machinery” [18]. 

 
4 PRODUCT-SERVICE SYSTEMS 
In industry, several different terms are used to describe the 
phenomena of PSS; soft products, total offers, through life 
solutions, and service 2.0 offerings are some examples. 

Tukker et al [19] provide a list of 9 definitions where it can be 
noticed that the definitions deal with explaining that product-service 
systems are a mix or a combination of products and services, but 
give limited explanation of the system part. The system view of PSS 
seems to address other aspects than an integrated product view 
does, but this is not further explained.  

In a similar way as Krishnan and Ulrich [11] explains a product from 
different perspectives, PSS could be assumed to be seen from 
different points of view, but all definitions presented in Tukker et al 
[19] seem to describe a strategic business point of view where the 
emphasis is on what is sold to customers, cf. a marketing point of 
view of what a product is. One example of a definition is that PSS is 
the result of an innovation strategy, shifting business focus from 
designing and selling physical products only, to selling a system of 
products and services which are jointly capable of fulfilling specific 
client demands [20]. Another example is that PSS are a specific 
type of value proposition that a business (network) offers to (or 
coproduces with) its clients [19], this is also based on a 
marketing/organization business perspective.  

Two cornerstones of PSS are outlined to provide guidance for 
development of solutions [21]:  

1. The point of departure for development of PSS should be the 
functionality or the objective that the user/customer is striving to 
achieve, rather than to start with a product that fulfills certain 
functionality.  

2. A “green” strategic thinking for the whole business and the 
company should continuously be modified, instead of taking 
existing structures and the company’s position for granted.  

From this guidance, it can, firstly, be interpreted that a development 
process for PSS always have to start at the customer’s place and 
that no idea of a product to solve that situation should be in mind. 
Consequently, PSS development has similarities with wicked [22] or 
ill-defined problems [23], i.e. “…before designers can solve a 
design problem they need to understand some basics – such as 
what they are designing, what it should do and who should use it 
and in what circumstances.” [24] (p.2). If so, the product developers’ 
technical knowledge base is not encompassing enough. And, to 
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achieve PSS, the company’s capabilities of radical, rather than 
incremental innovation, need to be refined. Second, an 
interpretation of the guidelines can also be that companies are 
challenged in a much more extensive way than just figuring out how 
to mix or combine product and service solutions.  

A base for innovations is that some aspects of new knowledge are 
added to the existing knowledge base [25], such knowledge can be 
about markets, processes, ideas, products, structures etcetera.  

5 KNOWLEDGE MANAGEMENT IN THE INDUSTRIAL CASES 
The companies in the study are moving towards PSS, but do not 
have an integrated process for services. Offered services are 
typically offered as add-on to products. One of the companies has 
tried PSS on contract level but not on a development level. 

For the companies included in this study, knowledge based tools 
play an important role to validate the included technologies, the 
manufacturing processes and the use of the product. These tools 
make storing, retrieving and dissemination of technical information 
manageable. Also, the tools provide traceability of performed 
activities, as well as provide the possibility to transfer production 
and usage information into earlier stages. These tools have to be 
built on verified knowledge, for example defined governing 
processes, design practices, method descriptions and standards. In 
early development, these tools are valuable for simulating and 
visualizing potential solutions before developing physical 
prototypes, thus, decreasing both risks and cost.  

One of the companies is performing in house development of some 
knowledge based tools, which is referred to as method 
development. For a method developer, applications such as the 
formalization of knowledge into information or expert systems are at 
the core. But, also, they have to understand how to implement, how 
to educate users and scalability aspects of the application.  

Method development is mainly pursued on a need basis at the 
company, where for example a project leader identifies an activity 
that needs improvement or support. The method developer 
investigates the situation, analyzing the purpose of the task, the 
steps included, the input information etcetera. Thereby, part of the 
method developer’s work is to identify, justify, capture and formalize 
knowledge. This work is guided by a knowledge based engineering 
lifecycle (cf. [14]). The method developer has an extended 
responsibility to package and activate the application in 
collaboration with the IT-department. The method developers 
emphasize that the success of the application depends on how well 
it fits into the established development process, its usability and if it 
is accepted by its users. Besides collaboration with IT-department, 
the method developers work closely with people that are considered 
as domain experts, such as process owners. These people possess 
deep and focused knowledge about certain activities and provide 
valuable input to the method development.  

Sometimes the method development follows a technology push 
approach, where the method developer locates an activity that is 
not supported (automated) yet, but have the potential of being 
improved. In such a case, the demands on the developer are 
different. Usually, the method developer identifies the governing 
processes and the documented instructions for the activity. Since all 
activities are not documented and described at the company, the 
method developers have to solve problems as they emerge. Thus, 
feeling comfortable with a “learning by doing” approach is part of 
the task. There is a team of method developers that can seek 
support among each other. For example, reoccurring meetings, as 
well as documented guidelines and instructions for method 
development found in collaborative repositories, such as 
collaborative workspaces and networked disk drives, are seen as 
knowledge sharing activities.  

The respondents find that knowledge sharing in product 
development is closely linked to the project and group activities. In 
this context, verbal communication is a common way to share 
experiences. Respondents stressed that team members or 
colleagues commonly ask for guidance or help. Email and chat 
conversations are mentioned as a way to contact people within the 
organization, commonly this is done to set up a face to face 
meeting. Project portals, team portals and chat applications are 
used for written text, pictures, presentations, CAD models and so 
forth. These support systems make it possible to form dispersed 
teams or a dispersed project organization.  

Company servers are used to disseminate formal and 
organizational documents, for instance written instructions, lessons 
learned, standards, best practice and design practice. The staff can 
search the servers to find relevant information, though it is 
expressed that finding information is perceived as time consuming. 
The engineers prefer to ask a colleague or find a former team 
member to ask, this is an easier way to retrieve information.  

5.1 How often do you share knowledge? 
The very open-ended question “How often do you share knowledge 
(within a certain context)?”, gave, as expected, different degrees  of 
occurrence. We used follow up questions, like, “with whom?”, 
“why?” and “how?” to gain more detail in the answers.  

How often the respondents shared knowledge within the 
organization was said to depend on their position in the company. 
For example, those who worked as project leaders perceived that 
they did share knowledge within the organization; such activities 
were explained to occur many times a week and concerned mainly 
project issues, 13% in Figure 1. The 12% of knowledge that was 
shared on daily basis was explained as reporting progress in 
projects to other involved or personnel higher in the hierarchy. 

69 % of the respondents perceived that they seldom shared 
knowledge within the organization, i.e. outside their department and 
outside their projects. None of the respondents agreed that 
knowledge sharing occurred constantly (see Figure 1).  

 

Figure 1: Knowledge sharing within the organization. 

Knowledge sharing with colleagues at a department level visualizes 
other responses, see Figure 2. 
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Figure 2: Knowledge sharing with colleagues. 

In Figure 2, constant (25 %), daily (38 %) and many time/week (31 
%) indicates that knowledge sharing is perceived as occurring more 
frequently when viewed in the context of colleagues. 

The projects in this study are branded by the company as technical 
projects. There was a mix of expertise in the team, but that mix was 
overall from within the engineering field.   

In Figure 3, sharing knowledge at the project level is shown. 13 % 
of the team members perceived that they shared knowledge within 
the project constantly, 19 % expressed that they did share on a 
daily basis, and 31 % shared knowledge many times/week. Also, 31 
% perceived that they shared knowledge only a few times/week, 
and 6 % expressed that they seldom shared knowledge within the 
project. 

 

Figure 3: Knowledge sharing within the project. 

 

5.2 Where do you find information?  
Knowledge or information reuse is important to maintain effective 
project work, to support this; the members have access to 
information systems as for example lessons learned systems, 
project archives, product assurance plan. Lessons learned systems 
are used to capture experience based knowledge from the projects, 
documents related to the project work are stored in the project 
archive, and the product assurance plan defines the delivery criteria 
for opening gates in projects according to the product development 
process. 

 

Figure 4: Where do you search for information or knowledge. 

In Figure 4, 37 % of the respondents answered that they firstly 
asked a colleague, which is a person from the same department 
when they are seeking for information from a previous project. 22 % 
identified a previous project member or domain expert to find 
information. Only 11 % looked first into lessons learned systems, 
and 26 % in the project archive.  

One reason for information systems applications as not being the 
first and most natural choice was explained by the respondents as 
related to the difficulties to search for the information. To be able to 
search you have to have some idea (words, project name, project 
members etcetera.) of how the information is tagged and stored, 
this is found in the case studies and supported by the literature [26].  

 

6 IMPLICATIONS FROM THE STUDY   
There are a number of implications from the study that needs to be 
discussed, though a contribution from it is that it provides an 
overview from which further research activities can embark. For 
industrial practices, the discerned indications can provide a basis 
for reflection.  

The generation of data did not focus on finding out individual’s 
perceptions of ‘what’ was shared, i.e. their definitions of knowledge 
or information. Instead the study is built on the respondents’ views 
of ‘if’ they share or not, meaning that the respondents were free to 
interpret what is knowledge and what is information. We have in 
previous studies found that defining knowledge is not 
straightforward and those attempts did not provide guidance for 
how to support the sharing activities. In those previous studies the 
respondents have been able to, theoretically, define knowledge as 
something else than information, but when they start to describe 
their work they apply a more practical definition, i.e. what they need 
to know to do their work is expressed as knowledge. Within the 
engineering practice area, the perception is that some of the 
companies’ applications are built upon information (facts, figures, 
calculations, test results and so forth). And, it is the human and 
contextual interpretation of that displayed information that 
transforms it into knowledge. Still, this is found as a theoretical 
discussion rather than a practical one.  

However, in the study presented here there seems to be a 
difference between that practical view of knowledge and another 
view of knowledge, which can be categorized as ‘experiences’. 
Thus, making the perception of shared knowledge to align with 
explicit knowledge and information, and making the distinction that 
what is not so frequently shared is experiences. If so, the 
continuation of these research projects could benefit from studying 
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experiences, what it is, how it affects project work and how it can be 
made organizationally available.  

The lessons learned systems are tools to capture and disseminate 
experiences, but as indicated in this study the respondents did not 
have trust in finding the information needed, i.e. those systems 
were not their first choice of knowledge source. The study 
presented here does not provide insights into the reasons, but 
indicates that the information retrieval from lessons learned 
systems is perceived as bringing limited benefits in project work. If 
so, it might be possible to suspect that the information input could 
be sparse also. Experiences often come in ‘eureka moments’ [27] 
from which lessons learned has to be reflected on. Is so, the team 
have to have the possibility to reflect in practice in the ‘eureka 
moment’, rather than after project closure to avoid hindsight and 
construction of experiences. Yet, how can such activities be 
supported and performed in practice? And, the support for capturing 
these reflections in action, how would that look like? Reflections in 
teams usually do not come in written text, rather in dialogues.  

Before the study, it was assumed that knowledge sharing activities 
should be most frequent within the project and that knowledge 
sharing should be less frequent on an organizational level. The 
empirical data indicates that the assumption has some relevancy, 
but provides no insights to why a situation like this could occur. One 
explanation could be that the purpose for overall organizational 
activities is more or less to pass on information from high level 
management, for example to communicate what is happening in the 
company as a whole or to transfer information about the business 
environment. If so, there is a need of an organizational strategy to 
support other forms of meeting that support knowledge sharing. It 
seems useful to; for example, figure out how to provide structured 
and focused feedback from a larger audience and how to evaluate 
the impact of an informative meeting in order to improve the larger 
meeting format for knowledge sharing. Though, it is important to 
note that all larger meetings should not turn into knowledge sharing 
activities, information transfer is also needed. Basically, there is a 
need to consider how to find dynamic and useful meeting formats 
for any specific agenda.  

 

7 DISCUSSING KNOWLEDGE MANAGEMENT   
In general, companies emphasize that their knowledge base are 
their most valuable asset. A key in this perspective is if the asset is 
considered to be protected (not shared) or if it is considered to be 
accessible to evoke, for example, innovations and collaboration. A 
basic PSS cornerstone is that it should be a strategic and holistic 
effort in collaboration with partners [21].  

Typically, earlier research efforts within the knowledge 
management field focus on the first approach, i.e. how to store and 
reuse factual and explicit knowledge [15]. But, as the areas of 
computer technologies mature and are more capable to deal with 
automation of knowledge work the interest is turning towards 
perceived and experience based knowledge. Still, in companies, 
there is an awareness of the challenges to transform the stored 
information into actions and the staff into knowledgeable workers.  

For manufacturing companies, the extension towards PSS provision 
seem to change the core of the knowledge base since service 
experience based knowledge have to be considered in early 
development. The engineers experiences are seldom shared in 
formal reports but are a necessity in the development of services, 
i.e. the experiences is shared verbally and is therefore often 
missing in activates related to knowledge management work. 
Donald Rumsfeld, US Secretary of Defense during the first years of 
2000s, has received much biting wit from media, but pinpointed 
important knowledge aspects when he coined the concepts of 

‘known knowns’ (the facts that we know something about), ‘known 
unknowns’ (those things we know that we miss information about) 
and, ‘unknown unknowns’ (for us unknown information that we do 
not even realize that we miss). Modica and Rustichini [28] 
mentioned the concept of ‘conscious uncertainty’, a state of 
knowing that we do not know something, as opposed to 
‘unawareness’ that denotes that we do not know something and we 
do not know that we do not know it.  

The analogy of PSS is that manufacturing companies generally can 
perceive a shift as ill-defined and wicked [22] [23], hence a stepwise 
extension of business models might be recommended as an 
approach. Contemporary knowledge based systems, such as 
knowledge based engineering tools and other repository based 
knowledge tools are useful for developing physical artifacts, but 
they do not in their as-is state support PSS as a whole. The 
ambiguous and uncertain nature of development activities that often 
goes hand in hand with PSS and service provision means that the 
knowledge base have to be built upon a ‘learning by doing’ 
approach. If this is the case, striving for providing, for example 
leasing, would build up service knowledge, subsequently how to 
develop suitable physical products for a leasing contract is one step 
towards PSS. And, from these experiences how to change the 
product development process can be understood.  

A consideration for PSS is its appropriateness for any kind of 
products and any type of companies has to be done. PSS, it seems, 
has become a wider concept than intended, branding all the 
variants of traditional sales of things (development as usual) to the 
view that all products remain in the ownership of the manufacturer 
and that company sell the service of operations in the customer 
processes [9]. Today, engineers and product developers have to 
possess a wide range of knowledge, though still that vast 
knowledge base is about the physical product. PSS adds more 
relational complexity into that situation, since for development 
issues the engineers and developers have to expand their 
knowledge domains into the area of customers.  

Knowledge sharing, i.e. second approach of knowledge 
management [15], need to be built on strategic intentions and 
allocation of appropriate means. To be made into an organizational 
knowledge asset, the transformation of information into actionable 
expertise needs an approach of interpretation, digestion, ‘eureka 
moment’ and reflection. These kinds of activities are hard to support 
in project work. Further, such knowledge sharing occurs more 
verbally, in sketches, simple pictures and even by using gestures. 
So, sharing expertise is easier said, than done.  

 

8 CONCLUDING REMARKS 
This paper outlines results from a study of technical product 
developers’ work performed to describe and understand how 
knowledge is shared. Besides interaction with company 
representatives in the research projects, Interviews that composed 
of predefined questions have been performed. This data provide a 
background for the purpose of this paper to discuss the established 
knowledge management activities to suggest some considerations 
to support the development of a knowledge base for product-
service design.  

Intentionally, the paper takes a stance to problematize 
contemporary management of knowledge for the purpose of PSS 
introduction in the company. Thereby, an interpretation can be that 
the paper describes a hopeless situation where little can be done. 
On the contrary, by seeing something as problems, solutions can 
be found.  

The considerations for PSS that we propose need further attention 
are:  
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� The differences between factual knowledge about artifacts and 
experiences (tacit knowledge) from the team (for example about 
the thing, its users or its use). How to assure that more aspects 
than mere technical end up in a knowledge base?  

� The multifaceted approach of knowledge sharing, e.g. in 
dialogues (planned/formal, not planned/informal and so on). 
How to support different types of meetings? 

� The wide range of which knowledge is expressed (text, 
pictures, drawings, sketches, gestures and so forth). How to 
provide tools and methods that build on all these aspects? 

� The wickedness of the term knowledge and how it is differently 
applied at distinct levels of the organization. How to create a 
knowledge sharing culture? 
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