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Abstract 

The ability to introduce new products and services, i.e. innovations, is regarded as a 
critical source of competitive advantage, and just as important as before. At the same 
time, development lead times have been reduced in order to allow a faster time to 
market. Companies’ strive for innovation, while at the same time reducing product 
development lead times, will in turn influence how designers and design teams work. 
Therefore, a major challenge, especially for mature companies in established markets, is 
to have effective ways for the team to continuously accomplish innovations. 

The purpose of this thesis is to explore how teams work in R&D projects, and 
particularly how they conduct innovative tasks. The research outlined in this thesis has 
therefore been guided by two research questions: How do design teams overcome a lack 
of knowledge when working with new ideas? And, how is knowledge acquired and 
shared in innovation activities? 

This research is based on an action research approach. Data is mainly from Sandvik 
Coromant, a global company that manufactures tools and systems for the metal cutting 
industry. The company is part of a large engineering group (Sandvik Group) that also 
manufactures equipment for mining and construction as well as advanced materials. 
Empirical data was collected mainly through interviews and a survey.  

To understand the background of innovations, an initial descriptive study, including 
recipients from award-winning innovative projects from the engineering group, was 
conducted. The study was later expanded to include more projects and study what type 
of knowledge was lacking, as well as how the resulting uncertainty was mitigated. 
Additional studies concerns how engineers use engineering knowledge models for 
innovation and organizational factors that can either support or inhibit the sharing of 
knowledge.  

Findings highlight that neither trust, i.e. handling conflicts and opposing views 
openly, nor the existence of power and territorial struggles or lack of time significantly 
affect knowledge sharing. However, important knowledge sharing predecessors are 
affected by lack of time and how long employees have been employed. Further, new 
ideas are surrounded by uncertainty, because knowledge concerning if the idea will 
actually make a difference or not is lacking. To overcome this uncertainty (perceived lack 
of knowledge) several areas were explored simultaneously, i.e. market, needs and 
requirements as well as possible solutions. This non-consecutive process is not easy to 
map into a sequential process model. Hence, a circular model, providing a mean to 
explain and map these activities, has been proposed.  

Keywords 
Innovation, Product Development, Innovation projects, Knowledge, Ideas 
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Thesis 

This thesis comprises an introduction and the following appended papers: 
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1494 
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1 Introduction 
The following chapter sets the scene for the rest of this thesis by presenting the background and 
motivation for the research. The chapter also includes the purpose of the thesis, guiding research 
questions as well as limitations and disposition of the rest of the thesis.  

1.1 Background 
The ability to introduce new products and services, i.e. innovations is regarded as a 
critical source of competitive advantage (Tidd et.al., 2001) or in some cases a necessity 
for even staying in the marketplace (Kline and Rosenberg, 1986). Innovation is the 
implementation of ideas (Schilling, 2010) into something new that is converted into 
value, for example for a user (Redelinghuys, 2000). New ideas are therefore an intrinsic 
part of innovation, but they are not enough. Ideas need to be implemented in order to 
create value (Levitt, 2002). Another inherent part of innovation is newness or degree of 
novelty (Flynn et.al., 2003) often used to categorize innovations into different types. 
Innovations that produce fundamental changes in activities within an organization or 
industry as well as a clear departure from existing practices are often categorized as 
radical (Gopalakrishna and Damanpour, 1997). Conversely, incremental innovations are 
defined as products that provide new features, benefits, or improvements to existing 
technology in the existing market (Garcia and Calantone, 2002).  

Radical innovations can also be said to contain a higher degree of new knowledge 
compared to incremental innovations (Dewar and Dutton, 1986). Since experience and 
previous knowledge is an important part of effective processes (Sørensen & Stuart, 
2000) a tension between efficiency and innovation exists (Stockström and Herstatt, 
2008). This tension is captured in the concepts’ core capabilities and core rigidities, i.e. 
the same capabilities that constitute the strength of a company also inhibit development 
and innovation, therefore becoming rigidities (Leonard- Barton, 1992). Since 
organizations become more efficient as they age, because they have more experience and 
knowledge about technology and market, often embedded in organizational routines 
(Sørensen and Stuart, 2000), this is one of the reasons innovation is seen as such a 
challenge for established companies. These organizations face the paradoxical situation 
of maintaining their core capabilities at the same time as innovation requires renewing 
or replacing of the said capabilities (Leonard- Barton, 1992).  

Moreover, development lead times have been reduced in order to allow a faster time 
to market (Eppinger and Chitcara, 2006). According to Rothwell (1994), a corporate 
strategy that focused on accelerating the speed of development thorough parallel instead 
of sequential activities crystallized during the late-1980s and early-1990s. This meant that 
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the whole business is involved throughout the process; e.g. organizational functions like 
marketing, design and production are integrated. This way of working is termed, for 
instance, integrated product development (Andreasen and Hein, 1987), concurrent 
engineering (Prasad, 1996), design for manufacturing, or lean philosophies (Isaksson 
et.al., 2009). Essentially, today’s design teams are facing a decrease in product 
development lead times, a trend that is set to continue (Smith & Reinertsen, 1998; 
Eppinger and Chitcara, 2006).  

Companies’ strive for innovation, while at the same time reducing product 
development lead times, will in turn influence how designers and design teams work. A 
major challenge, especially for mature companies in established markets, is to have 
effective ways for the team to continuously accomplish innovation. This balance between 
efficiency and innovation highlights the increasing importance of creativity (in order to 
come up with novel ideas) and knowledge (necessary for implementation) (Errasti et.al., 
2011), a balance that is in the hand of design teams. The question is therefore how 
design teams should deal with the tension of implementing new ideas (per definition 
with unknown results) and developing necessary knowledge in order to reduce 
uncertainty and secure time to market.  

1.2 Research purpose and research questions 
The purpose of this thesis is to explore how teams work in R&D projects, and 
particularly how they conduct innovative tasks. The research focuses on innovative 
products, and in particular the projects behind these products, where concepts like 
‘knowledge’ and ‘ideas’ are vital. An increased understanding of how teams deal with 
these issues today will provide directions for future actions in order to support design 
teams. The research is guided by two research questions: 

RQ1: How do design teams overcome a lack of knowledge when working with new 
ideas? 

RQ2: How is knowledge acquired and shared in innovation activities? 

1.3 Delimitations 
The work in this thesis focus on the current situation in large product oriented 
companies active in mature markets. Furthermore, the main focus of the research is 
product innovations in engineering products. As a consequence, process and service 
innovations are not investigated in depth. The research is also delimited to individual 
and group level, mainly project groups within R&D, thereby not focusing on the 
organizational level.  

In this thesis an idea is seen as ‘something’ untested, unproven and unrealized 
believed to make a difference, initially a mental construct existing in the mind of a sole 
individual. Knowledge is when ‘someone’ knows how to do ‘something’, or understands 
how things are connected. Uncertainty in this thesis is delimited to the perceived lack of 
knowledge to perform a particular task. R&D projects include both product 
development projects and projects aiming towards a deeper understanding, for example 
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knowledge development projects, competence projects or research projects.  

Furthermore, this thesis is delimited to the Sandvik Group´s view of innovation 
since two internal awards (the Haglund Medal and the Innovation Prize) have been used 
to sample innovative projects. The engineering group´s view on innovation is shown in 
the description of the two awards (chapter 5).  

1.4 Disposition 
The following chapter presents and discusses the research approach, data collection and 
research quality. Chapter 3 presents theoretical areas considered relevant for this thesis 
and chapter 4 contains a summary of appended papers. Chapter 5 presents the 
empirical results followed by a discussion of the results in relation to the theoretical 
framework in chapter 6. Finally, conclusions and suggestions for future work are 
presented in chapter 7.   
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2 Research method 
Initially, a short outline of the company and main partners included in the research is presented. 
Thereafter follows an account for the research approach as well as data collection methods used in 
the empirical studies included in this thesis. To provide an overview, a table summarizing the 
studies is included. In the last section of this chapter research quality in terms of reliability, 
recoverability and validity of this research is discussed briefly. 

2.1 Research context 
The research is mainly performed at a large engineering company, Sandvik Coromant 
(SC), in the global market. The company manufactures tools and systems for the metal 
cutting industry and is part of a larger engineering group (The Sandvik Group), which 
also manufactures equipment for mining and construction as well as advanced materials. 
The research in this thesis has been conducted on company (Sandvik Coromant) level 
but also includes other business areas within the Sandvik Group. 

The focus of Sandvik Coromant is to increase the customers’ productivity and 
profitability through a deep understanding of their processes. Therefore, the company 
offering consists of both products and services. SC is a leading actor in a mature market, 
but has lately felt an increased pressure from changes in the global marketplace. Today, 
customer needs are changing faster; hence the window of opportunity is shorter, while 
competitors are stronger and more consolidated. Therefore, the management of SC 
concluded that the process needed to be sharpened (to be better and quicker) to 
maintain a leading position in the market. A major change program was then initiated, 
including an extensive analysis of internal and external knowledge and best practice, 
new and improved ways of working and a streamlining throughout the entire process, a 
large number of improvement activities, and reinforced supporting behaviour. The 
change program was finalized in 2008, when a new product development process (New 
Product Process, NPP) was introduced. I was employed at Coromant at about the same 
time, first as a product developer and later (June, 2009) as an industrial Ph.D.-student.  

2.1.1 Partners 

This research is performed within the Teams for Heterogeneous Innovation Knowledge 
(THINK) project. The project deals with questions concerning design teams working in 
the early phases of product development. THINK is a collaboration project between two 
manufacturing companies, both in business-to-business settings, and Luleå University of 
Technology. Further, one study was performed in collaboration with Scania, a large 
automotive manufacturer.  
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2.2 Research approach 
Engineering design is by nature an activity that is generally pursued within a company 
designing and manufacturing products and in some cases supplying services for their 
customers. Design research aims towards supporting these companies by enabling them 
to develop better and more successful products faster, i.e. making the design process 
more effective and efficient (Blessing, 2002). To achieve this aim, it is important to 
understand the activities taking place. Being closely connected to a company is therefore 
an advantage, since this provides the possibility to observe and study the said activities. 
However, it could also be a disadvantage since practical issues can be prioritized over 
research activities and the challenge of foreseeing, planning and controlling what is 
happening in a practical situation.  

As an industrial Ph.D. student, I spend most of my time at the company where I am 
employed. Besides conducting this research, my assignment is to also support the 
organization by, for example, facilitating workshops. Therefore, my situation can be 
resembled by that of an action researcher. The role of an action researcher is more of an 
active participant than an observer and the research output results from an involvement 
with members of an organization over a matter that is of genuine concern to them 
(Eden and Huxham, 1996). The intervention made by the researcher with the aim of 
both acquiring knowledge and helping organizational change is one potential avenue 
when it comes to improving the practical relevance of research (Baskerville and Myers, 
2004). This intervention is also what distinguishes action research from many other 
related research strategies, e.g. case studies and field studies. Since I am part of the 
organization I am studying, and also have affected the current situation by being 
involved in projects, facilitated workshops and putting focus on the topics of innovation 
and creativity, I have not conducted, for example, case studies (Williamson, 2002). 

However, an action research approach also has its implications. Traditionally, the 
replication of results is a key element of a scientific method within the natural sciences. 
But what happens when the phenomenon of interest is not homogenous through time? 
What else can be done? This is the context in which action research emerged 
(Checkland and Holwell, 1998), and a reason for the influence of action research on my 
research. Innovation is highly dependent upon the context in which it originates, and 
the surroundings that are constantly changing. For example, a product perceived as 
innovative ten years ago is perceived as old news today. Further, because innovation 
often happens in teams or projects, it is difficult to study cause-and-effect relationships 
due to the impossibility to replicate the same process with the same people. This is 
because individuals in a project have learned new things and have acquired new 
knowledge that in turn will affect the outcome of the project. Past experiences and 
differences in the competences of individuals will also make it difficult to compare two 
groups performing the same task or project. Overall, this implies a strong dynamic 
component in innovation, i.e. innovation is not homogeneous through time.  

Action Research is a continuous and participative learning process, which in turn will 
influence how the research is designed, i.e. theory building will be incremental and 
cyclic (Greenwood and Levin, 1998). This means that the problem can be reformulated 



Anna Karlsson, A study of R&D projects – how teams innovate 

 7 

during the course of the action research, by either the researchers or practitioners 
(Westlander, 1999). Because of this and the importance of understanding, experiencing 
and interpreting the social world, a flexible research design is preferred over a fixed 
design. Action research commences with a problem and continues with a developing 
process consisting of action and reflection cycles. The action cycle aims to be a 
disciplined and systematic process (McNiff and Whitehead, 2006). To understand the 
problem in question an initial diagnostic stage involving a collaborative analysis of the 
problem is necessary. Diagnosing is the first of five identifiable action cycle stages 
followed by action planning, action taking, evaluation, and specifying learning, see 
Figure 1 (Baskerville and Wood-Harper, 1996).  

 
Figure 1: The action cycle 

Complementary to the action cycle described above is the cycle of reflection, the 
research part of action research (Figure 2). This cycle also consists of five stages that start 
with the observing stage followed by reflecting, acting, evaluation and modification 
before the research moves in a new direction (McNiff and Whitehead, 2006). This cycle 
leverages the level of understanding, contributing to the body of knowledge.  

 
Figure 2: The cycle of reflection  

In my research the action and reflection cycles were considerably more intertwined 
than the examples above. This was due to me working so closely with the company and 
trying to reflect continuously. Still, my reflection often increased during the writing of 
the papers, and my reflection cycle greatly coincided with the papers I wrote (Figure 3). 
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Figure 3: The main cycles in this research 

Because action research provides direct access to practice, it can be quite difficult to 
control the research process. Hence, it can be extremely valuable to complement AR 
with other approaches, i.e. experiments and conventional practice studies. Practice 
studies include a wide variety of studies withot any active involvement of the researcher 
in the practice under study, e.g. field studies, case studies, surveys or interviews 
(Mathiassen, 2002). In this thesis, practice studies, in the form of a survey, were used to 
increase the understanding of practice. Since this understanding is important for future 
actions, in this research, there is no apparent incommensurability with an action 
research approach. Further, few interventions have yet been conducted. Still, 
interventions (the action part of AR) are not necessarily direct (actions to alter external 
or internal conditions), but can be indirect, i.e. when a change agent serves as a catalyst 
(Susman and Evered, 1978).  

2.2.1 Positionality, the insider and outsider perspectives 

An underlying and influencing factor on all research, and especially action research, is 
the issue of positionality, i.e. the position a researcher takes to the setting under study. 
Positionality is in fact a continuum ranging from being an insider to being an outsider 
(Table 1), and deserves special attention when an organization’s inside practitioners are 
working jointly with outside researcher (Herr and Anderson, 2005). 
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Table 1: Continuum and implications of positionality, adapted from Herr and Anderson (2005) 

 

 

I would position myself as an insider in collaboration with outsiders (level 3 in Table 
1). As an insider, with some experience of working as a designer in the organization, I 
have open access to people and documentation within the company as well as an 
understanding of contextual issues. When conducting interviews, the fact that I was an 
insider seemingly simplified things for the respondents and facilitated an open dialogue. 
For example, contextual and organizational issues like the differences between processes 
and ways of working between different business units as well as changes in company 
strategy were discussed openly, which is less likely if an outsider had conducted the 
interview. However, being an insider also highlights the importance of ethically 
conducting research and including the risk of preconceptions, making collaboration 
with outsiders to the organization extremely important. Outsiders can contribute with a 
more objective perspective. In this research, I have had great support from outsiders, 
especially when discussing methodology, current findings and analysing data.  

Positionality of 
researcher 

Contributes to Traditions 

(1) Insider (researcher 
studies own 
self/practice) 

Knowledge base, 
Improved/critiqued practice, 
Self/professional transformation 

Practitioner research, 
autobiography, 
Narrative research, 
Self-study 

(2) Insiders in 
collaboration with other 
insiders 

Knowledge base, 
Improved/critiqued practice, 
Professional/organizational 
practice 

Raising groups, 
inquiry/study 
groups, teams 

(3) Insider(s) in 
collaboration with 
outsider(s) 

Knowledge base, 
Improved/critiqued practice, 
Professional/organizational 
practice 

Inquiry/study groups 

(4) Reciprocal 
collaboration (insider – 
outsider teams) 

Knowledge base, 
Improved/critiqued practice, 
Professional/organizational 
practice 

Collaborative forms 
of participatory 
action research that 
achieves equitable 
power relations  

(5) Outsider(s) in 
collaboration with 
insider(s) 

Knowledge base, 
Improved/critiqued practice, 
Organizational 
development/transformation 

Consultancies, 
organizational 
learning, radical 
change and 
community 
empowerment 

(6) Outsider(s) studies 
insider(s) 

Knowledge base University-based 
academic research on 
action research 
methods or projects 

Insider 

Outsider 

(6) 

(2) 

(3) 

(4) 

(5) 

(1) 
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2.3 Data collection methods 
The characteristics of the subject under investigation have implications for which kind 
of data that is relevant and how this data should be collected (Åsberg, 2001). Different 
types of data can elucidate the subject in question in different ways, i.e. be 
complementary. This is highlighted in a quote from Miles and Huberman, “Numbers and 
words are both needed if we are to understand the world” (1994, pp.40). The research 
presented in this thesis is mainly based on qualitative data, which is data in the form of 
words. However, quantitative data (numbers) was also collected through Liker-scale 
questions, striving towards complementary views. The following sections will describe 
the semi-structured interviews and the questionnaire that were used as main data 
collection methods to gather empirical data for the studies in this thesis. Additional data 
from for example internal documents, workshop observations, and discussions were also 
extremely valuable to gain an increased understanding.  

2.3.1 Interviews 

Data in three of the studies (Papers A, B and D) were mainly gathered through semi-
structured interviews of an open-ended character. The choice to base these studies on 
interviews was due to the retrospective view of the studies (Trost and Hultåker, 2007) 
and the need to understand context, especially vital at the beginning of my research. The 
semi-structured form was chosen to allow a greater breadth than other types of 
interviews (Fontana and Frey, 2000), though still focusing on the interview subject. All 
interviews were conducted with the support of a standard question list, but the 
interviewer was free to follow up on leads provided by the respondent. The respondents 
were also encouraged to talk extensively about the main subject, raising topics in any 
order he or she wished (Williamsson, 2002). All interviews were conducted in Swedish, 
tape recorded and transcribed. When an increased understanding was gained, the 
interview questions and procedures were, in some cases, refined to develop relevant lines 
of questions and deepen the following interviews.  

As a researcher conducting interviews, I find it extremely important to reflect over 
how I affect the respondents and vice versa. Whether or not you intend to, you always 
communicate something by how you act. As a way of communicating, being silent and 
avoiding eye contact will affect the interaction and the reliability of the results (Lantz, 
2007). When conducting the interviews upon which this thesis is based, I tried to use a 
room where the respondent felt comfortable, either a meeting room familiar to the 
respondent or the respondent’s own office. I began all interviews with a short 
introduction about myself (position with the company and affiliation to the university), 
the purpose of the study, and how data from the interview would be handled afterwards. 
I asked the respondent if it was possible to record the interview to facilitate later analysis 
and explained the purpose of the standard list of questions. This provided transparency 
throughout the process and kept the interviewing process as relaxed as possible for the 
respondent, thereby allowing for an open and honest dialogue.  
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2.3.2 Questionnaire 

When using a structured form of questioning, e.g. written questionnaire, the person 
asking the questions sets the context since this person delimits the study (Lantz, 2007). 
Therefore, it is very important that the researcher has an understanding of the 
respondent’s situation and the subject under investigation. This understanding was 
gained by being situated at a company working with questions related to the subject and 
reflections from previous studies. The questionnaire was adopted from a study 
previously conducted at Scania in Södertälje (Lund and Magnusson, 2011). The 
questionnaire at SC composed three parts; part 1 consisted of 11 questions concerning 
background variables, such as age, gender, position, and time with the company, part 2 
was the Creative Climate Questionnaire (Ekvall, 1996) and consisted of 50 questions 
that assess the creative climate and part 3 consisted of an additional 52 questions 
covering learning, work routines and innovation. In collaboration with Katarina Lund 
(Ph.D. student Scania) the questionnaire was complemented with several new questions 
with either an open or scaled character of the answers. These questions were added to 
clarify issues that had emerged in previous studies.  With open-ended questions, the 
respondents could answer more freely which gave me additional information and an 
increased understanding of their situation. The questions were reviewed by 
representatives from both companies to assure that the formulation was acceptable, 
ethical (Ejlertsson, 2005) and would be understood by the respondents.  

2.4 The empirical studies 
Four different papers are included in this thesis. Table 2 gives specific information 
concerning the studies, such as main scope, unit of analysis, data collection and which 
paper published the results. Thereafter, procedures regarding the empirical studies are 
presented, for example how the collected data was analyzed.  
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Table 2: Specific information of the studies included in this thesis 

Paper Main Questions/Scope Unit of analysis Data Collection Publication 

A Identify sources and 
understand the 
background of some 
awarded innovations. 

Innovative 
projects 

Semi-structured 
interviews and 
internal 
documents 

Where do 
innovations 
come from? 

B Understand the 
development and use of 
engineering models in the 
innovation process 

Originators of 
engineering 
knowledge 
models 

Semi-structured 
interviews 

Development of 
Engineering 
Knowledge 
Models to 
achieve Product 
Innovation. 

C Exploring how time, 
debate and conflict within 
the organizations relate to 
knowledge creation, 
knowledge sharing and 
innovation. 

Individuals 
working with or 
close to R&D in 
two engineering 
companies 

Questionnaire Knowledge 
sharing in 
product 
development – 
exploring the 
effects of power 
struggles and task 
conflict 

D Exploring different types 
of uncertainty and lack of 
knowledge that exists in 
different parts of the 
design process as well as 
how these uncertainties 
were mitigated. 

Innovative 
projects 

Semi-structured 
interviews and 
internal 
documents 

Overcoming 
uncertainty – 
ways of dealing 
with a lack of 
knowledge in 
innovative 
projects 

 

Paper A and D 
Internal awards for innovation were used to sample the projects perceived as most 
innovative within the Sandvik group. The primary data source for this study was semi-
structured interviews with recipients of one or both awards. Furthermore, internal 
documents such as articles about the innovation projects, rules for the awards and other 
information published on the intranet were also included. The study was limited to 
projects from 2004 to 2011. An initial interview series was conducted in 2010, with a 
broad scope focusing on circumstances surrounding the idea and the process from idea 
to product (Paper A). The study was broadened in 2011 to include more respondents 
from older projects as well as people who had received the awards in 2010 and 2011. All 
recipients from 2004 and onwards, and still employed within the engineering group, 
were contacted and asked for an interview, of which three recipients did not respond. In 
total, 30 individuals had received one or both awards during these years, of which 21 
were still employed at the company when the study was conducted. Moreover, 14 
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recipients (because some had received both awards for the same project) accepted to be 
interviewed (7 in Paper A). The majority of the interviews were individual and face-to-
face, for the exception of one group-interview with three respondents from the same 
project and two individual interviews that were conducted by phone. In total, 11 
interviews (between 36 minutes and 1h 36 minutes long) with respondents from 8 
projects were conducted. The authors of each Paper performed the analysis in a 
collaborative manner. To help analyse the extended data in the broadened study, a table 
including representative quotes from all projects as well as actions taken and outcomes 
was made. The analysis of the material resulted in a number of themes (Miles and 
Huberman, 1994). Contact between the authors and the respondents after the 
interviews, concerning clarification of background data and feedback of the results, was 
conducted. Some respondents also revised and clarified the content of the 
transliterations, based on agreements made during the interview. 

Paper B 
The identification of models, as well as originators of these models, was carried out by 
the author of this thesis in collaboration with the research coordinator, a senior research 
engineer and managers at the company. The majority of identified originators accepted 
to be part of the study and five individual interviews were conducted. All interviews 
were conducted in person by the author of this thesis, alone or together with the senior 
researcher at the company. The length of interviews ranged from 50 to 90 minutes, 
recorded and fully transcribed resulting in 77 pages of documentation. The 
transliteration was later categorized according to themes emerging after an iterative 
analysis. These categories found the basis for the empirical findings section in the 
resulting paper. All respondents were given the possibility to go through and comment 
on material two times during the writing of this Paper.  

Paper C 
This study, based on a questionnaire, was conducted at two companies, Sandvik 
Coromant and a large automotive manufacturer. Respondents at Sandvik Coromant 
included engineers working with product development (including design automation 
and research), product management, and product application. Respondents at the 
automotive manufacturer included development engineers, pre-development engineers, 
test engineers and engineers who work with field quality induced re-design of products. 
Additional respondent groups at both companies were managers and project managers. 
All respondents are highly connected to R&D activities and new products, which made 
their opinions relevant to this study. All were guaranteed anonymity. The questionnaire 
was emailed to the respondents, and one or two reminder emails were sent if they had 
not answered. In total, 852 employees (from both companies) responded to the 
questionnaire, resulting in an answering frequency of 75%. A research model was 
constructed to analyse the data and to illustrate the relationship between the variables 
that were included. For the purpose of this particular study several statements 
concerning the scope of the study were selected from the questionnaire. The statistical 
investigation tool SPSS (IBM) was used to analyse the questionnaire data. A correlation 
of all analysed variables, including background variables, was performed to see the 
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dependence between them. A linear regression analysis was then performed in seven 
steps, in the order described by the flow in the research model. 

2.5 Research quality 
The desire for objectivity is the base for all scientific activity, since the basis for science is 
to acquire knowledge about reality. Science strives towards a common truth, even if it is 
an impermanent one (Hansson, 2007). To achieve a high degree of objectivity, as much 
validity and reliability as possible should be realized simultaneously. Reliability is the 
degree to which the finding is independent of accidental circumstances in the research, 
and validity is the degree to which the finding is correctly interpreted (Kirk and Miller, 
1986).  

The balance between rigour and relevance is also often discussed. Action research 
often produces results that are relevant for practitioners, since the organization is often 
involved in both the identification of research questions and the problem solving per se, 
i.e. action research answers to ‘real world problems’ (Susman & Evered, 1978). However, 
there is a balance with how rigorous a researcher can be in conducting the research and 
how relevant the result becomes. One way to strike a useful balance between rigor and 
relevance is to also include other research approaches, i.e. experiments and practice 
studies (Mathiassen, 2002).   

2.5.1 Reliability and Recoverability 

Reliability within qualitative studies is a question of replication and transparency. As 
mentioned earlier, replication of some of these studies is not possible since the context 
is not consistent with time. Therefore, replication concerning the analysis of data, i.e. 
recoverability, is important. For this research, the lists of questions used during 
interviews, transliterations, templates for analysis and raw data, and the analyses of 
questionnaire data exist, supporting both recoverability of analysis and transparency. 
However, note that the recording of interviews, providing both transparency and 
recoverability as discussed above, might have negatively affected the interviewing process. 
Some respondents might have become more secretive or uncomfortable (Lantz, 2007), in 
the worst case withholding or neglecting to mention important information during the 
interview. Still, this did not seem to affect the respondents in this research.  

Regarding the questionnaire, replication of the actual study and the analysis is 
possible. However, because innovation is such a complex and dynamic phenomenon, it 
is difficult to know what might have caused a possible shift in the results. Another issue 
that may have affected the reliability of the questionnaire data is respondent anonymity. 
Anonymity was guaranteed, but as some of the respondents pointed out, the 
background questions were so detailed that the anonymity could be questioned. This 
issue was given as feedback in the questionnaire but discussed in particular during 
informal meetings with respondents, something that would not have happened had I 
not been situated at the company in question. Not feeling anonymous when responding 
to a questionnaire could result in a lower answer frequency or dishonest answers, 
lowering reliability of the results. To avoid this, I tried to discuss the anonymity issue as 
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openly as possible in the organization and clarified that no information would be 
distributed that could render individual identification possible. This was done both in 
personal contact and in the reminder e-mails to those who had not yet answered the 
questionnaire.  

2.5.2 Validity 

Asking the wrong questions is a common source regarding validity errors. It is especially 
harmful when collecting quantitative data, e.g. using a questionnaire with constrained 
alternatives for answering (Kirk and Miller, 1986). To avoid asking the wrong questions 
during this research, a more open form of data collection was used at the beginning, i.e. 
semi-structured interviews, before conducting the more structured questionnaire. This 
helped me increase my understanding of contextual issues as well as the subject under 
study, and supported me in asking the right questions. Asking the wrong questions can 
also be partially avoided by using diverse methods (Kirk and Miller, 1986). Triangulation 
of data from different sources, i.e. from internal documents and interviews or between 
respondents from the same project, is one step in this research towards achieving higher 
validity in the results. Validity also means that a theory, model, concept or category 
describes reality with a good fit (Gummesson, 2000). To achieve this, participants in the 
studies were given the possibility and encouraged to review and comment on results.  
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3 Theoretical framework 
This chapter presents the theoretical framework upon which this thesis is based. Initially the 
concept of innovation is introduced with its different types and inherent tensions. Moreover, two 
different perspectives of design activities are presented followed by two key areas within innovation, 
which is knowledge and ideas. This chapter also provides a direction for the discussion made in 
chapter 6.  

The work presented in this thesis is conducted in a product development context, which 
makes it rewarding to consider different perspectives of design activities. When 
supporting design teams in their quest for innovation, different types of innovations and 
the tensions that exist within them, should be considered. Moreover, two key areas 
within innovation, and in particular for this research, are knowledge and ideas.  

3.1 Innovation 
From an engineering perspective innovation is often described as a new product that has 
reached a market. In her book about the strategic management of technological 
innovation, Schilling defines innovation as “the practical implementation of an idea into a 
new device or process” (Schilling, 2010, pp. 18). Further, Redelinghuys states that an 
innovation must result in value for the customer: “Innovation has taken place when a design 
is converted into value, i.e. when the designed product or process is introduced to a user” 
(Redelinghuys, 2000, pp. 276). Actual implementation is highlighted in the definition in 
the Oslo Manual: “innovation is the implementation of a new or significantly improved product 
(good or service), or process, a new marketing method, or a new organizational method in business 
practices, workplace organizations or external relations” (OECD, 2005, pp. 46). A new or 
improved product is considered implemented when it is introduced on the market, 
whereas a process or method is implemented when it is brought into actual use in the 
company’s operations (OECD, 2005). Hence, it is the implementation part of 
innovation that distinguishes the innovation concept from other concepts such as 
creativity and invention. Creativity is often defined as the production of novel and 
useful ideas in any area (Amabile et.al., 1996), whereas invention is the first occurrence 
of an idea for a new product or service (Cruickshank, 2010). Also, innovation must be 
commercially viable, since it requires much time, effort and costs (Jacoby and Rodrigues, 
2007) and both technological and commercial needs must be satisfied for an innovation 
to be successful (Kline and Rosenberg, 1986).  
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3.1.1 Types of innovation 

Innovation is often classified according to the change it brings into effect, i.e. the degree 
of novelty (Flynn et.al., 2003). This distinction is made due to different types of 
innovation requiring different kinds of underlying knowledge, thereby impacting the 
company’s competitors or customers in different ways. One of the primary dimensions 
used is the continuum between incremental versus radical innovation (Schilling, 2010). 
Incremental innovations are defined as products that provide new features, benefits, or 
improvements to existing technology in the existing market. These gradual 
improvements are important for competitive reasons in technically mature markets and 
because the streamlined procedures necessary for incremental innovations can help alert 
organizations to threats and opportunities associated with new technologies (Garcia and 
Calantone, 2002). In contrast to incremental innovations, radical innovations produce 
fundamental changes in activities within an organization or industry and are a clear 
departure from existing practices (Gopalakrishna and Damanpour, 1997). Jacoby and 
Rodrigues (2007) illustrate this continuum with three basic archetypes: incremental 
(existing users and existing offerings), evolutionary (either new offerings or new users) 
and revolutionary or radical (new offerings and new users), see Figure 4.  

 
Figure 4: Three basic archetypes of innovative outcomes, inspired from Jacoby and Rodrigues (2007) 

According to Dewar and Dutton (1986), innovations of a more radical character also 
contain a higher degree of new knowledge when compared to incremental innovations. 
In turn, the success of project planning is substantially more difficult to achieve for 
innovation projects that venture into radically new markets or new technologies 
(Moenaert et.al., 1995). Besides uncertainty, the initial lack of knowledge in the 
development of more radical innovations also introduces enhanced levels of risk. This 
risk is due to producers and customers who will vary in their experience with the 
innovation, and in their judgment of its usefulness or reliability (Schilling, 2010). 
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However, a plethora of innovation types exist, e.g. disruptive, discontinuous, really new 
and imitative innovations, though they will not be further elaborated in this thesis. 
Instead, please refer to the work of Garcia and Calantone (2002) or Schilling (2010), for 
example.    

3.1.2 The balancing act 

According to Crossan and Apaydin (2010), several tensions are apparent in the 
corporate quest for innovation, e.g. tensions between sources of innovations, 
exploration vs. exploitation and the decision to implement or use something and the 
actual implementation.  

An innovative idea can originate from a broad spectrum of sources, but the tension 
between external and internal sources, such as market orientation or R&D orientation, 
only becomes salient when both types of sources are explicitly recognized (Crossan and 
Apaydin, 2010). According to Drucker (1985), sources for innovative opportunity arise 
from unexpected occurrences, incongruities, process needs, market changes and changes 
in demographics, perception or new knowledge. Further, innovative ideas can originate 
from “a recombination of old ideas, a schema that challenges the present order, or a formula or 
unique approach that is perceived as new by the individuals involved” (Van de Ven, 1986, pp. 
591). 

The Tension between exploitation and exploration originates from the necessity to 
simultaneously attend to the products and processes of the past as well as prepare for 
future innovations. The result is an ambidextrous organization as described by 
O´Reilley and Tushman (2004). Exploitation is the refinement and extension of existing 
competencies, technologies and paradigms, whereas the essence of exploration is 
experimentation with new alternatives. The returns from exploitation are positive, 
proximate, and predictable, compared to the returns from exploration that are 
uncertain, distant and often negative (March, 1991). According to Kastensson (2011), a 
project of an explorative character does not follow a linear process but rather includes 
several iterations where new knowledge, consequences and other alternatives are created. 
This constant balancing act between exploitation and exploration might be one of the 
toughest of all managerial challenges (O´Reilley and Tushman, 2004). 

A major and often unrecognized gap exists between the adoption (decision to 
implement or use) of innovation and the actual implementation. This issue is especially 
important because implementation and commercialization are such intrinsic parts of 
innovation. Therefore, if implementation is delayed, badly managed, or aborted the 
innovation will fail to deliver the expected results (Van de Ven, 1986; Crossan and 
Apaydin, 2010). Since the implementation of ideas is a collective achievement, this 
process really highlights the social and political dynamics of innovation (Van de Ven, 
1986). 

3.1.3 Measuring innovation 

Even though few disagree with the fact that innovation is important, no general 
acceptable indicator of innovative performance or a common set of indicators has been 
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agreed upon. Still, these generally available measures of innovative performance are 
often used in management and applied economics literature on innovation: R&D 
inputs, patents, patent citations and new product announcements (Hagedoorn and 
Clooth, 2003). Hargedoorn and Clooth (2003) also showed a statistical overlap between 
the mentioned measures, indicating that either of the indicators could be used. Blau 
and McKinley (1979) also illustrated a significant correlation between awards, faculty 
evaluations and journal articles as measures of innovation. According to Cruickshank 
(2010), there are acknowledged limitations to measuring innovation, since innovation 
studies tend to be skewed towards these empirically accessible aspects. If measuring 
innovation is hard, measuring innovation performance while the product or service is 
still under development is even harder. Kline and Rosenberg (1986) proposed the degree 
of uncertainty for success as a useful measure to examine the innovation processes. 

3.2 Product development 
According to Cruickshank (2010), many innovation studies concentrate on the effects of 
innovation rather than the act of innovation directly. This process resonates strongly 
with product development and design, or as stated by Cox (2005), “Design is what links 
creativity and innovation”. Product development is often described as the sequences and 
steps necessary to produce goods (Pahl and Beitz, 1996). This process often embarks 
from an identified market opportunity or customer need (market-pull), but it can also 
start with, for example, a new technology or material (technology-push) (Ulrich and 
Eppinger, 2004). Because a sole individual can develop few products, several disciplines 
are often gathered to form a project team with the collective aim of developing the 
product. Therefore, product development is an interdisciplinary activity that requires 
attention from diverse parts of a company. According to Ulrich and Eppinger (2004), 
“product development is the set of activities beginning with the perception of a market opportunity 
and ending in the production, sale, and delivery of a product”, a process in which design is a 
key function (ibid., pp. 2).  

3.2.1 Design activities 

According to Ullman (2002), design problems are often ill defined. This is due to the 
problem statement, for a design problem, not providing all the necessary information to 
find the solution. Furthermore, all design problems have a multitude of satisfactory 
solutions, and no obvious best solution (Ullman, 2002). In turn, this has resulted in two 
fundamentally different ways or perspectives of approaching the design process, either as 
a rational problem-solving process or as a process of reflection in action (Dorst and 
Dijkhuis, 1995). Design research reflects both of these perspectives. Beginning as an 
engineering-driven science, design research has recently evolved towards social sciences 
(Marxt and Hacklin, 2005).  

A rational problem-solving process 
Viewing design as a rational problem-solving process means that design is seen as a 
search process and the designer has the role of an information processor in an objective 
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reality. As previously discussed, design problems are ill defined and unstructured, and 
design knowledge concerns design procedures and ‘scientific’ laws (Dorst and Dijkhuis, 
1995). According to Ullman (2002), there are six basic actions of problem solving in 
design:  

1) Establish the need or problem to be solved 
2) Plan how to solve the problem,  
3) Understanding the problem by developing requirements 
4) Generate alternative solutions 
5) Evaluate the alternatives, and 
6) Decide on acceptable solutions 

However, these actions are not taken in a successive order, but are iterated to increase 
the understanding of the problem (Ullman, 2002). In recent years, several models that 
describe the engineering design process have been presented, of which the majority are 
step-wise processes of an iterative nature and prescriptive character (López-Mesa, 2004). 
For example, Ulrich and Eppinger (2004) presented a generic development process 
(Figure 5) consisting of six phases.  

 
Figure 5: The generic product development process, inspired from Ulrich and Eppinger (2004) 

The process begins with a planning stage, and a project’s mission statement as an 
output. This mission statement guides the development team during the following 
concept development, where the aim is to create a wide set of alternatives. The following 
stages are a subsequent narrowing of alternatives and an increased specification of the 
product until a reliable and repeatable production is possible (Ulrich and Eppinger, 
2004). A staged process, following a series of steps and characterised by few iterations 
and rigid reviews, is a popular tool for management to control and intervene in projects 
(Cooper, 2001; Unger and Eppinger, 2010). Staged processes are performed especially 
well when product cycles have stable product definitions and use well-understood 
technologies, e.g. product updates (Unger and Eppinger, 2010). However, staged 
processes have been criticised for their rigidity and difficulty in handling overlapping 
activities in the stages, resulting in long lead times (Smith and Reinertsen, 1992). 
Therefore, to increase flexibility and allow a varying degree of risk, iterations and 
reviews, the concept of spiral or agile development is built into the process (Cooper, 
2009; Unger and Eppinger, 2010).  
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A process of reflection in action 
When viewing design as a process of reflection in action, the design problem is seen as 
unique and the core skill of a designer is to determine how every single problem should 
be tackled, i.e. when to apply which procedure/piece of knowledge (Dorst and Dijkhuis, 
1995). According to Schön (1983), the design process is a reflective conversation with 
the situation and the key action for understanding what professionals do is ‘reflection’. 
Because the designer lacks a full understanding of things before acting, the process of 
design seems to be more a matter of simultaneously refining both the problem 
formulation and ideas for a solution. This is often done through a constant iteration of 
analysis, synthesis and evaluation between two notional design spaces, i.e. problem space 
and solution space (Dorst and Cross, 2001). Schön (1983) uses the terms Problem setting 
and Problem solving to describe these activities. According to Cross (2004), designers tend 
to use conjectures of solutions as a means to develop their understanding of the 
problem. While doing so, they simultaneously create a local convention, explicit and 
shared by the group. Therefore, intermediary objects such as sketches, drawings and 
CAD-models supports reflection in action and the local learning process (Boujut and 
Blanco, 2003). The problem and the solution co-evolve. In turn, successful design does 
not seem to be based on extensive problem analysis, but on adequate ‘problem scoping’ 
and a focused or directed approach to gather problem information and prioritising 
criteria (Cross, 2004).  

3.2.2 Choosing perspective 

The most suitable perspective to describe design seems to depend on the characteristics 
of the actual design activities. Describing design as a rational problem solving process is 
particularly suitable when the problem is clear-cut and strategies exist to support the 
designer in the process, i.e. in the later stages of the design process (stages 2-5 in Figure 
5). In turn, describing design as a reflection in action process works particularly well 
when the designer has no standard strategies to follow and is proposing and testing 
problem/solution structures, i.e. in conceptual design (stage 1 in Figure 5) (Dorst and 
Dijkhuis, 1995). According to Wenngren (2010) it is also preferable to include 
explorative phases in innovative efforts in order to find knowledge that the team did not 
yet know existed.  

3.3 Knowledge and innovation 
According to Nonaka (1994), innovation is a process in which an organization creates 
and defines problems and then actively develops new knowledge to solve them. 
Therefore, it is important to understand what knowledge is when discussing innovation. 
Western philosophers have generally agreed that knowledge is “justified true belief”, a 
concept first introduced by Plato (Nonaka and Taeguchi, 1995, pp. 21). However, 
Nonaka and Taeguchi shifted the traditional focus from “truthfulness” and instead focus 
on knowledge as “a dynamic human process of justifying personal belief into the ‘truth’”, i.e. 
focus on the justification (Nonaka and Taeguchi, 1995). Furthermore, knowledge can be 
seen as information that has been contextualized, given meaning and thus made relevant 
and easier to use (Bessant and Tidd, 2007) 
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3.3.1 Knowledge dimensions 

In existing literature, two dimensions of knowledge, tacit and explicit knowledge, have 
gained much attention. These two dimensions of knowledge derive from the work of 
Polanyi (1967). The tacit dimension of knowledge is based on experience, thinking, and 
feelings in a specific context (Popadiuk and Choo, 2006) and cannot be easily 
articulated or transferred in explicit forms since it is personal, context-specific and highly 
rooted in action (Swan et.al., 1999). Examples of tacit dimensions of knowledge refer to 
an individual’s mental models, beliefs, specific know-how or skills (Popadiuk and Choo, 
2006). In contrast, explicit knowledge is articulated, codified, and communicated using 
symbols (Popadiuk and Choo, 2006), e.g. maps, instructions and tangible models. The 
tacit and explicit dimensions of knowledge do, however, complement each other. As 
previously stated by Polanyi, tacit knowledge is what supports us in 1) knowing what to 
look for, and 2) having some idea about what else we may want to know, indicating that 
“the formalising of all knowledge to the exclusion of any tacit knowledge is self defeating” 
(Polanyi, 1967, pp. 20). Therefore, tacit and explicit knowledge should not be seen as a 
dichotomy, but as a spectrum with the two poles at either end (Cavusgil et.al., 2003; 
Días- Días et.al., 2006). Nevertheless, several authors have reasoned which type of 
knowledge dimension best supports innovation, such as tacit (Senker, 1993; Leonard 
and Sensiper, 1998; Díaz-Díaz et.al., 2006), explicit or codified (Arora and Gambardella, 
1994; Sørensen and Lundin-Snis, 2001), or both (Jensen et.al., 2007).  

3.3.2 Knowledge creation and sharing 

But how is this knowledge then created? According to Ahmed (2007), knowledge is 
generated and evolves through 1) observations and experiments, 2) by interpreting 
information or data, and 3) reasoning and combining pieces of knowledge. From 
Nonaka and Taeguchi (1995), who developed one of the most influential theories of 
organizational knowledge creation, this is done through the conversion and interaction 
between the organizations tacit and explicit knowledge. This process suggests four basic 
patterns for creating knowledge (Nonaka, 2007), often referred to as the SECI-model 
(Popadiuk and Choo, 2006; Schulze and Hoegl, 2008), with the following main features:  

 From tacit to tacit (socialization): Involves capturing knowledge through direct 
interaction with, e.g. suppliers, customers or competitors. This could be done, 
for example, through joint activities, shared experiences, observations, 
imitating and informal meetings. 

 From tacit to explicit (externalisation): Knowledge is crystallized and can be 
shared by others through metaphors, concepts, diagrams or models. This 
knowledge creation mode relies more on formal interactions. 

 From explicit to explicit (combination): Reconfiguration of existing knowledge 
through sorting, adding, combining and categorizing knowledge.  

 From explicit to tacit (internalization): Is the process of applying explicit 
knowledge, thereby absorbing, embodying, and converting it to individually 
held tacit knowledge (Popadiuk and Choo, 2006; Schulze and Hoegl, 2008). 

According to Schulze and Hoegl (2008), novel product ideas mainly result from 
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socialization and internalization. Externalization and combination, however, do not 
support the generation of novel product ideas. This is supported by the notion that tacit 
knowledge is closely related to knowledge exploration, whereas explicit knowledge is 
more concerned with knowledge exploitation (Popadiuk and Choo, 2006). Exploration 
involves discovery and experimentation, absorbing or creating new concepts or 
technologies, thus developing new capabilities that may be outside the firm’s current 
specialisation. Exploitation is achieved by increasing proficiency through repeated 
practices and the formalization of knowledge (Popadiuk and Choo, 2006). Moreover, 
tacit knowledge is often argued to be more valuable in innovation processes (Gant, 
1996). 

According to Nonaka (2007), a central activity in a knowledge-creating company is to 
make personal knowledge available to others. Two main strategies are distinguished 
regarding the management of knowledge sharing; codification where knowledge is 
codified and stored in databases for easy retrieval and reuse, and personalization where 
computers are mainly used to help people communicate knowledge (Hansen et.al., 
1999). Since the nature of product design is high in knowledge intensity with a high 
tacit dimension of knowledge (Cantamessa, 1999), both a codification and 
personalization are needed for the important tasks in an engineering design context 
(McMahon et.al., 2004). Several barriers to knowledge sharing exist, relating to either 
individuals or groups within or between business functions. Some examples of such 
barriers are communication skills, hoarding, lack of time and trust (Riege, 2005). 
Therefore, knowledge management theory has perhaps focused too much on knowledge 
characteristics and exchange mechanisms rather than other factors that affect the 
creation and sharing of knowledge in an organizational context (Magnusson, 2004).  

Another challenge is to assess how mature or uncertain the knowledge is in a project, 
for example, when making a decision, assessing the risks or planning for the future. One 
approach to visualise the maturity of knowledge is to use Knowledge Maturity Scales 
(Johansson et.al., 2011), based on the Technology Readiness Levels (TRLs) by NASA 
(Mankins, 2002). Knowledge Maturity assesses different types of knowledge (Input, 
Method and Experience) in a 5-graded scale. By using this approach, managers can assess 
the knowledge maturity at different decision gates, with different acceptance criteria 
needed to pass the gate (e.g. level 4 for input, 4 for method and 3 for expertise). 

3.3.3 Types of knowledge in innovation 

The necessary knowledge for innovation, stated earlier, often concerns technology or 
market knowledge, as seen in several theoretical models of innovation (Popadiuk and 
Choo, 2006). Moreover, Afuah (1998) identifies knowledge concerning the 
organizational structure and administrative processes as important. This administrative 
knowledge relates to strategies, structures, systems or people in the organization. Market 
knowledge concerns, e.g. distribution channels, applications, customer expectations, 
preferences, needs and wants. Technological knowledge includes knowledge of 
components and linkages between components (Hendersson and Clark, 1990) as well as 
methods, processes and techniques that go into a product or a service (Popadiuk and 
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Choo, 2006). Furthermore, knowledge concerning suppliers and complementary 
innovators is valuable (i.e. if complementary innovations from other stakeholders are 
necessary for the introduction of a new innovation, such as spreadsheet and word-
processing software for the personal computer industry). This is because one innovation 
can affect various stages of the innovation value-added chain differently (Afuah and 
Bahram, 1995). 

3.3.4 Uncertainty and ambiguity  

Since innovation concerns the creation of something new, a common element in 
activities of a more innovative character is a gap between existing and required 
knowledge. This gap creates confusion, uncertainty and different interpretations on how 
to proceed within the design team. The concept of uncertainty is often defined as “…the 
difference between the amount of information required to perform a particular task, and the 
amount of information already possessed by the individual” (Galbraith, 1973, pp. 11). A 
similar view of the concept states that uncertainty “… can be defined as a state that exists 
when an individual defines himself as engaging in directed behaviour based upon less than 
complete knowledge” (Downey and Slocum, 1975, pp. 571). Within engineering, a 
distinction between two different types of uncertainty is made, i.e. aleatory and 
epistemic uncertainty. Aleatory or statistical uncertainties are unknowns that differ each 
time an identical experiment is conducted. In contrast, epistemic or systematic 
uncertainty depends on things that could be known in principle but is not in practice 
(Reneke et.al., 2010) and is caused from a lack of knowledge or limited understanding.  

Another concept closely related to uncertainty is ambiguity, defined as either 1) “the 
possibility of interpreting an expression in two or more distinct ways” or 2) “vagueness or 
uncertainty of meaning” (Collins English Dictionary, 2003). As highlighted by the two 
definitions, ambiguity in design is not only a bad thing. The first definition is often seen 
as positive early in the design process, with the notion that design teams should preserve 
ambiguity in order to prevent fixation of a particular solution (Minneman, 1991). An 
example of positive ambiguity is when a sketch of an idea may be more ‘open for 
interpretation’ when presented to others than a more formalised design object e.g. a 
CAD-drawing (Stacey and Eckert, 2003). In this sense ambiguity can in fact result in 
new ideas and improved solutions. In contrast, the second definition describes 
vagueness and uncertainty in meaning, something that should be avoided in engineering 
communication. Stacey and Eckert (2003, pp. 153) describe this as “what is uncertain and 
provisional needs to be expressed as clearly as possible”.  

3.4 Ideas in innovation 
Irrespective of the type of innovation, the idea originating from the insight of a single 
individual is the starting point (Björk and Magnusson, 2009). Furthermore, describing 
an idea as innovative not only refers to the fact that the idea is perceived as new, 
according to Wylant (2008), it also suggests that the idea should be acted upon. Still, 
Stevens and Burley (1997) claim that only 1 of 3,000 raw ideas leads to a commercial 
success. Moreover, from the 3,000 initial ideas, only 100 ideas lead to initial R&D 
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projects, from which only 8 ends up in development projects and 1.7 are launched.  

But what is an idea? Finding a consensus of opinions regarding the answer to this 
question is not easy. Hansen and Andreasen (2005) consider an idea as a mental 
construct, whereas Gurteen (1998) defines an idea as simply ‘something’ that is 
unrealized, unproven or untested. Still, this provides little guidance if you don’t know 
what this ‘something’ is. Therefore, Gurteen (1998) gives the following examples: a goal, 
a product, a service, a concept or an insight. Wylant (2008) notes the constituent 
elements of an idea, those being:  

1) A stimulus of some sort, i.e. something that can arrest or hold the attention of a 
potential viewer 

2) A context, in which the stimulus can occur 
3) A viewer, someone who can perceive and consider the stimulus, which can be 

done in different ways 

Timing of the novel contribution (the new idea) is also important, especially for a 
project team striving to complete the project. More novel proposals during the earlier 
half of the project increase the project quality, team member satisfaction and team 
member learning. In contrast, after the midpoint transition of the project, novel 
contributions should focus only on improving implementation routines; otherwise 
project quality, team member satisfaction and team member learning are likely to 
decrease (Ford and Sullivan, 2004). 

3.4.1 Types of ideas 

Still, not just one idea, but many ideas are involved in the process from recognizing a 
need to introducing a new product to the market (Hansen and Andreasen, 2005). 
Therefore, distinguishing different ideas from one another can be helpful. Hansen and 
Andreasen make this distinction by separating a product idea from a design concept 
(hereby called a concept idea).  

A product idea articulates both a design and the project to reach the design. The 
product idea may be a partial idea that successively develops into an idea with 
completeness and enough merit. Product ideas can originate from several directions: 
need, strategy, technology, business, user/customer, product, goal specification or task 
(Figure 6) (Hansen and Andreasen, 2005; Hansen et.al., 2009). 
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Figure 6: A framework summing up the dimensions of a product idea (Hansen and Andreasen, 2005) 

Generally, the product idea is an attempt to answer the why (e.g. customer need) 
and what (e.g. product specification) questions, before handing over the task to a design 
team. 

A concept idea is a conceptual description of a design, i.e. a product or a service. 
The concept idea only focuses on the important characteristics that make the difference 
(Hansen and Andreasen, 2005). Ulrich & Eppinger use the term product concept for 
the initial product design alternatives that are generated: “A product concept is an 
approximate description of the technology, working principles, and form of the product. It is a 
concise description of how the product will satisfy the customer needs” (Ulrich and Eppinger, 
2004, pp. 98). A product concept or a concept idea is therefore an attempt to answer the 
how question, starting the journey towards a solution. 
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4 Summary of Appended Papers 
This chapter provides a summary of the appended papers, the main results as well as the relation 
to this thesis. Furthermore, the author’s contribution to each paper and the division of work 
between the authors is accounted for.  

4.1 Paper A 
Ericson, Å., Karlsson, A., Wenngren, J. and Törlind, P. (2010). Where do innovations 
come from? Proceedings of the 11th International Design Conference DESIGN 2010, May 17-
20, Dubrovnik, Croatia, pp. 545 – 554. 

Summary 
The purpose of this study was to identify sources and understand the background of 
some awarded innovations. This paper describes important factors for the realization of 
innovations, as perceived by recipients of innovation awards within the Sandvik group. 
The study is descriptive in character and is delimited to recipients (key individuals and 
not the entire project group) from the years 2004-2009 still employed at the company. 
The results show that exploration and acquisition of knowledge are important factors in 
the development of innovations. When knowledge lacked at the beginning of the 
project, team members had the opportunity to acquire knowledge from outside the 
project. The knowledge was acquired by finding those with knowledge (individual or 
group within the company), revising corporate knowledge (e.g. from databases, models 
or current offer), searching externally (e.g. university collaboration, patents etc.) or 
developing the lacking knowledge internally (e.g. observations, simulations and tests). 
Other important factors are external triggers and inspiration from outside the project or 
even the company. The results also support the premise that innovation activities are far 
from sequential and that the final products often are a combination of innovative 
solutions to sub-problems and structural problem solving based on existing knowledge.   

Relation to thesis 
This paper provided a basic understanding of what the engineering group perceives as 
innovative products. Because the study was carried out at the group level, it also 
contributed with a more diversified view of innovation by including projects outside 
Sandvik Coromant, i.e. from other business areas. Therefore, the paper provides a 
baseline for further research.  
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Authors’ contribution 
Peter Törlind conceived the idea for the study. I designed the study and conducted 
interviews in collaboration with Johan Wenngren and Peter Törlind. The analysis was a 
collaborative effort, with Åsa Ericson writing the draft. The other authors and I 
reworked the draft.  

4.2 Paper B 
Karlsson, A. and Törlind, P. (2011). Development of engineering knowledge models to 
achieve product innovation, Proceedings of the 18th International Conference on Engineering 
Design ICED11, 15-18 August, Copenhagen, Denmark, Vol. 6, pp. 262-271. 

Summary 
Since the exploration and knowledge acquisition phase appeared to be an important 
aspect to consider from Paper A, a narrower descriptive study was conducted to 
understand how this was done in practice. The purpose was to gain insight into the 
development and use of engineering knowledge models in the innovation process at the 
company. Originators of existing engineering knowledge models were identified (by the 
main author and key individuals within the company) as the stakeholders with the most 
exhaustive information of both the development and the use of their model. Therefore, 
the originators of identified engineering knowledge models were approached and asked 
to participate in the study. All models are computer-based and come from the product 
development department. Results show that engineering knowledge models, like those 
studied in this paper, can be used to identify gaps in current knowledge as well as what 
actions need to be taken to fill these gaps. Hence, combined with the increased 
interactivity the models provide, these models enhance innovation. Furthermore, using 
already existing models for purposes other than the originally intended purpose opens 
possibilities, but poses challenges when developing models. There also seems to be a 
balance between the creation and the reuse of models. In some cases it appears to be 
better to develop a new model than to reuse an existing, leading to an ambivalent aspect 
of reuse. Finally, these models do not exclude the exchange of other forms of knowledge 
(e.g. tacit knowledge) hard to formalize and deeply rooted in action, but instead seem to 
constitute a facilitative means.  

Relation to thesis 
This paper is a more focused study concerning a way engineers work with knowledge for 
innovation, i.e. in the form of engineering knowledge models. The focus of the study 
was derived from study A and provided additional insight into different types of 
technical knowledge, and how the knowledge was used in the innovation process. 

Authors’ contribution 
The idea for this paper originated from previous results and from the company’s 
interests in the subject. I designed the study and was responsible for data collection, 
analysis and writing of the paper. Peter Törlind supported during analysis and writing.  



Anna Karlsson, A study of R&D projects – how teams innovate 

 31 

4.3 Paper C 
Karlsson, A. and Lund, K. (2012). Knowledge sharing for innovation – exploring the 
effects of power struggle and task conflict, Proceedings of the 12th International Design 
Conference DESIGN 2012, May 21-24, Dubrovnik, Croatia, pp. 1485-1494 

Summary 
Regarding knowledge sharing within design, an area with high knowledge intensity and 
tacit nature of knowledge, it is important to remember the organizational factors that 
may affect individuals. In fact, Knowledge Management theory has perhaps focused too 
much on knowledge characteristics and exchange mechanisms, neglecting other factors 
that affect the creation and sharing of knowledge in an organizational context. This 
paper explores how organizational factors such as time, debate and conflict (potentially 
leading to hoarding of information) relate to knowledge sharing and ultimately 
innovation. In this study neither trust, i.e. handling conflicts and opposing views 
openly, nor the existence of power and territorial struggles significantly affected 
knowledge sharing. Therefore, this type of conflict does not cause any hoarding of 
information, at least not with the levels as low as in this study. However, this study shows 
that trust serves as a mediating factor between conflicts and knowledge creation, which 
in turn strongly correlates with knowledge sharing. Further, a lack of time is not 
significant for knowledge sharing per se but affects the important predecessors of 
knowledge creation and the documentation of new knowledge. Another result is that 
employees who have been with the companies for a long time share their knowledge 
more than newer employees, though experienced employees feel that they are not 
allowed enough time to learn new things to the same extent as others. There is a risk 
that experienced employees will become less motivated, since they are sharing their 
knowledge, but do not feel that they are allowed to learn new things. 

Relation to thesis 
Since innovation is a collaborative effort that takes place in organizations, knowledge is 
of little use for innovation if it is not shared with others. This paper complements paper 
B by including organizational factors that can either support or inhibit the sharing of 
knowledge. Because the study also included a large automotive manufacturer outside the 
Sandvik group, it contributes with a more general view. 

Authors’ contribution 
For this paper I was lead author with great support from Katarina Lund, who was 
responsible for the statistical data analysis. The idea for the paper, design of the study at 
Sandvik Coromant and analysis of the results were a joint effort.  

4.4 Paper D 
Karlsson, A. and Törlind, P. (2012). Overcoming uncertainty – ways of dealing with lack 
of knowledge in innovative projects, submitted to Journal  
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Summary 
The purpose of this paper was to explore and highlight different types of uncertainty 
and lack of knowledge that exist in different parts of the design process, and how these 
uncertainties were mitigated. Therefore, innovative projects were sampled (received 
internal awards for innovation), since a lack of knowledge is more likely to occur in 
innovative projects than in projects of a more incremental character. The findings 
highlight the nonsequential process of innovation in product development, where the 
team constantly iterates between different problem spaces. Uncertainty was not only 
mitigated by the acquisition or creation of new information, but through building 
relationships and preparing for future scenarios, which resulted in an increased 
awareness of what is happening outside the company and added confidence. The 
findings also revealed that the teams used initial product ideas and concept ideas to 
increase their understanding and to test and evaluate these ideas against problems, 
requirements and needs. Also, a circular model of uncertanty was developed to visualise 
this iteration over time.  

Relation to thesis 
Because this study is an expansion of the study in Paper A, it provided valuable insights 
into innovative projects within the engineering group. The study further explores what 
types of knowledge were lacking in the projects, and how the resulting uncertainty was 
mitigated. The paper contributes with a more differentiated view of ideas, i.e. product 
and concept ideas as well as a circular model that provides a way to visualise the iteration 
of ideas and problem spaces. 

Authors’ contribution 
This paper is based on an idea developed by me. I also collected the majority of the data. 
Writing and data analysis was a collaborative effort between Peter Törlind and I.   
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5 The current practice in innovation work 
This chapter presents the empirical data for which this thesis is based. Initially, the awards 
instituted by the company to spur innovation work are presented as well as the innovation projects 
that I have focused upon. A mapping of the projects is included through the use of the perspectives 
incremental, evolutionary and radical innovation. Finally, interviews and questionnaire data are 
presented via excerpts from the respondents and descriptive statistics.   

The engineering group has instituted two awards to encourage innovative work and 
stimulate employees to focus on such efforts. Recipients not only receive the prize, but 
also long-term recognition from the whole organization, because both awards are well 
known within the engineering group and are regarded as very prestigious. Those who 
receive an award are also presented externally as innovators of the year within the 
Sandvik group. The two awards are:  

 The Haglund Medal: awarded to employees who have made the most significant 
contribution to produce or develop a product of great potential value to the 
engineering group. The award was instituted in 1985 to recognize important and 
innovative contributions. All employees within the group may be rewarded and 
can submit nominations for the award. The jury consists of the CEO, union 
representatives and people with great knowledge of the Group’s operations.  

 The Innovation Prize: awarded to innovations in the field of technology, and 
product or process development. Commercialisation is not a requirement but is 
included as an important parameter in the evaluation. The Prize was first 
introduced in 2003 to stimulate and reward innovative  achievements. The aim is 
to also complement the Haglund Medal and give faster feedback to the innovator. 
The Prize is open to all employees within the group. An expert in the relevant 
field of technology and a jury within the engineering groups R&D council both 
evaluate the innovation.   

Award winners between 2004 and 2011, still employed within the Sandvik group, and 
who agreed to participate were included in the studies. In total, 14 recipients from 8 
different projects were interviewed. Table 3 contain descriptive information about the 
projects.  
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Table 3: Descriptive information about the projects 

Outcome of the innovation project Recipients 
interviewed 

Awards 

A new series of milling cutters for aluminium 
machining that has improved productivity and 
component quality.  

1 of 2 Haglund Medal 

A new method for the surface treatment of a steel strip 
resulting in a steel band that is extremely durable and 
scratch-resistant. 

1 of 2 Innovation Prize 

New stainless material that has revolutionized the 
manufacturing of artificial fertilizer 

2 of 2 Haglund Medal 

A new indexable insert drill with improved force 
balance and performance. 

3 of 3 Innovation Prize and 
Haglund Medal 

A new generation of fine-grained substrates of 
cemented carbide. 

1 of 11 Innovation Prize 

A new generation of fine-grained substrates with PVD 
coatings 

2 of 31 Haglund Medal 

New lead-free alloy for the watch industry, something 
not practically possible before.  

3 of 3 Innovation Prize 

A new generation of threading tools for metal cutting 
with a more stable coupling that gives better 
component quality 

2 of 2 Haglund Medal 

1One recipient received both prizes for the same development; this recipient was only interviewed once 

The awards were used as a selection criterion to distinguish innovative projects from 
projects of a more incremental character. Regarding newness of the innovations from 
the firms’ perspective (Garzia and Calantone, 2002), it is possible to map the outcome 
of the innovation projects included in this thesis onto the archetypes provided by Jacoby 
and Rodrigues (2007). The mapping is based on information from the respondents 
regarding new offerings and new users. Each project is plotted with a star in Figure 7, 
showing that a majority of the project outcomes can be seen as either incremental or 
evolutionary.  
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Figure 7: Distribution of innovation outcomes included in this thesis (indicated by the stars) in relation to 

the three basic archetypes of innovative outcomes 

Even though a current offer already existed, a technical leap could result in a product 
that is perceived as innovative by the company. However, engineers struggle when trying 
to use the word innovation, a product developer from one of the projects explain:  

“We have a great difficulty with calling anything for an innovation [internally in the 
company]. If it is possible to patent, at least someone thinks that there is a level of newness [in 
the solution]. But internally, we don’t think that it is a big deal.”  

The outcome from this particular project resulted in several new patents and 
enhanced productivity of the customers’ processes. Previous experience and knowledge 
from a current product can help the project team to succeed. This can be exemplified by 
for example the project that developed a lead-free alloy for the watch industry, an area 
where the engineering group already had customers. The project leader explains:  

“We have a similar product, something to replace. Because of this we have extensive experience 
of how the product should be constituted. This experience has also helped this project to 
succeed.” 

Still, that the engineering group already had an existing offering in the majority of the 
projects does not mean that only smaller improvements were demanded from the project 
group. A project leader from another project explains:   

“It was not the case of the project requirements being conservative, it was really a challenge […] 
But when you compared it [the existing product] to competitive products on the market, in 
spite of everything it was already one of the best products on the market.” 

Hence, this meant that the team had to work intensively to understand the 
application area (many team members had little previous experience from this specific 
application area) and to find ideas for solutions that could fulfil the requirements. In 
the words of the project leader:  

“I would not say that the ideas were something that came up initially. These ideas matured as a 
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result of our intense work within the area […] I would say that the ideas came somewhat after 
12 months into the project. “   

One way to acquire this understanding is to observe, for example, the customers’ 
processes or the current product (or competitors’ products) in action. Knowledge can 
also evolve in dialogues with colleagues possessing expertise:  

“We will launch the project in the autumn, what skills do we need before we start the project? 
[…] I came up with the idea that we need more knowledge about the forces involved. So, for 
three months, I sat down with a colleague and created a force calculating program.” 

This excerpt highlights one way of working with enhancing knowledge within the 
company, i.e. developing so-called engineering knowledge models. A model is an artifact 
that reproduces the properties of an object, and is used to answer queries during the 
design process. Furthermore, models are idealized because they include only relevant 
information. Engineering knowledge models included in this study are either derived 
from theories and relationships between quantities (analytical) or based on empirical 
data (empirical). 

5.1 Engineering knowledge models 
An example of an analytic model is a model that describes how the pitch and diameter 
of a screw affects the force generated on the screw head. The model also describes how 
much torque is transferred to the thread when the screw is tightened; see Figure 8. The 
model is developed using a spreadsheet application.   

 
Figure 8: An example of an engineering knowledge model 

The models are often used for purposes other than originally intended, e.g. handed 
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over to new employees aiming to support their understanding. The models are also 
often used for communication purposes, such as when a model is used to explain and 
promote an idea in the process of rationalizing among cemented carbide substrates 
during a merger.  

“To remove existing substrates, identify unnecessary substrates in our production, and propose 
replacements […] In contexts like this, it [the model] is an important tool in the identification 
process and pedagogically to build confidence to have the courage to implement [changes in 
production]” 

Another respondent also remembers a similar situation:  

“And everybody understood, the result is easy to understand […] To spread innovative ideas and 
explain concepts to others, because then you can get input from others who you would not have 
otherwise. It supports cross-functional teams”  

Engineering knowledge models are also a means to lower the threshold when it comes 
to testing ideas, because of their simplicity and interactivity:  

“Many of the ideas would never have been tested if [only] prototypes had been done. It would 
then have been too much work, the idea was so wild and farfetched that no one would have 
tested it” 

However, using an engineering knowledge model does not exclude the use of 
prototypes altogether. Instead, this particular model provided a way to test ideas, and 
many of them, early on in the project. In contrast, it would not be feasible to do the 
equivalent number of ideas as prototypes.    

5.2 Sharing of knowledge  
Quantitative data was used to study the role of organizational factors on knowledge 
sharing and innovation, such as time, trust, debate and conflict. This study also 
included a large automotive manufacturer (Scania in Södertälje), where a similar 
questionnaire was administrated (all statements included in this study were identical). 
The respondents at Scania included engineers working with development, pre-
development, testing and field quality-induced redesign of products. Respondents from 
Sandvik Coromant included employees from product development or product 
management, application development, design automation and research. Additional 
respondent groups were managers, project and process managers, mechanics and 
business planning. The response rate at Scania was 78% of 667 individuals who received 
the questionnaire. In total, 852 individuals received the questionnaire with a response 
rate of 75%. Table 4 contain descriptive statistics of control variables included in the 
analysis.  
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Table 4: Descriptive statistics of control variables 

 
N Minimum Maximum Mean 

Std. 
Deviation 

If Company B 642 0.00 1.00 0.1916 - 
Years in company 631 0.00 50.00 9.5293 9.75650 

If Consultant 636 0.00 1.00 0.1792 0.38386 
If manager or project manager 642 0.00 1.00 0.1760 0.38113 

If design engineer 636 0.00 1.00 0.4858 0.50019 
Valid N (list wise) 623         

Moreover, nine statements from the questionnaire, concerning debate, conflict, trust, 
time, knowledge and innovation, were included in the analysis (Table 5). 

 Table 5: Overview of variables, the statements formulations and scales 

Variable Statement formulation Scale 
Debate Diversity in opinions is expressed here.* 1-4 Likert 
Conflict People struggle over power and territory* 1-4 Likert 

Trust 
Conflicts and opposing opinions are dealt with openly 

and usually solved* 
1-4 Likert 

Lack of Time It is very difficult to complete my work tasks in time 1-7 Likert 

Knowledge Creation 
In our unit it is allowed to spend time on learning new 

things 
1-7 Likert 

Documentation of 
Knowledge 

I document what I learn 1-7 Likert 

Knowledge Sharing 
I share what I learn with my colleagues. 

 
1-7 Likert 

Innovation 
(group level) 

We are successful in implementing new ideas to obtain 
results in my work unit** 

1-7 Likert 

Innovation 
(organizational level) 

In general my, organization has been successful at 
innovation** 

1-7 Likert 

* These statements have been reformulated due to copyright reasons. The statements are part of the CCQ 
[Ekvall, 1996]. **These statements have previously been used by Isaksen and Ekvall [2010]  

Table 6 contain the descriptive statistics for both independent and dependent 
variables (a total of 602 valid responses, list wise). For the entire dataset, this number 
reaches 585 respondents.  

Table 6: Descriptive statistics of independent and dependent variables 

 
N Minimum Maximum Mean 

Std. 
Deviation 

Debate 622 1.00 4.00 2.8907 0.72517 
Conflict 620 1.00 4.00 1.4629 0.70096 

Trust 616 1.00 4.00 2.7744 0.74095 
Lack of time 616 1.00 7.00 4.2841 1.65440 

Knowledge Creation 619 1.00 7.00 4.6801 1.51512 
Documentation of Knowledge 618 1.00 7.00 4.0405 1.49770 

Knowledge Sharing 616 1.00 7.00 5.0974 1.30550 
Valid N (list wise) 602         

An OLS regression analysis (standardized coefficients) was conducted with Knowledge 
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Sharing as the dependent variable. From model 1 to model 7, an increase in explanation 
of 31 % of the dependent variable takes place, with the majority in model 6 and 7 where 
the independent variables Knowledge Creation and Documentation of Knowledge were 
included.  

Table 7: OLS regression analysis (standardized coefficients). Dependent variable is Knowledge Sharing. *p<0,05, 
**p<0,01, ***p<0,001 

Variable Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 
Intercept        

If Company B 0.015 0.016 0.022 0.011 0.009 0.024 -0.001 
Years in Company 0.056 0.056 0.047 0.046 0.049 0.107** 0.130*** 

If consultant 0.049 0.053 0.049 0.051 0.040 0.067 0.050 
If manager or project manager -0.031 -0.038 -0.053 -0.067 -0.053 -0.051 -0.032 

If Design Engineer -0.074 -0.088 -0.087 -0.101* -0.096* -0.066 -0.016 
Power struggles (Conflict)  -0.114** -0.084* -0.048 -0.04 -0.023 -0.016 

Diversity in opinions (Debate)   0.194*** 0.15*** 0.157*** 0.069 0.028 
Conflicts are handled (Trust)    0.152*** 0.148*** 0.107* 0.071 

Lack of time     -0.095* -0.024 0.012 
Knowledge Creation      0.320*** 0.209*** 

Documentation of Knowledge       0.428*** 
No of observations 585 585 585 585 585 585 585 

F 1.047 2.149 5.098 6.037 6.010 11.581 24.900 
R-Squared 0.009 0.022 0.058 0.077 0.086 0.168 0.323 

Adj. R-Squared 0.000 0.012 0.047 0.064 0.072 0.153 0.310 
Adj. R-Squared change 0.009 0.013 0.036 0.019 0.009 0.082 0.155 

 

Even though model 1 does not explain any of the variance in the dependent variable 
Knowledge Sharing, there are some results worth mentioning in regards to the control 
variables. Working as a design engineer is significant in models 4 and 5, and the number 
of years worked in the company is significant in models six and seven. This indicates 
that these two variables (Design Engineer and Years in Company) are related to variables 
with both a positive and a negative impact on the dependent variable Knowledge Sharing. 
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6 A study of R&D projects – how teams innovate 
This chapter presents and discusses the key findings in relation to the theoretical framework. A 
short reflection over the innovative results of the included projects and the tacit and explicit 
dimensions of knowledge are presented. My work has come to focus on numerous areas, all guided 
by an innovation perspective: the interplay between ideas and knowledge and the acquiring and 
sharing of knowledge.  

This thesis is based on explorative studies of innovative activities in R&D projects, 
mainly within one engineering group. In turn, this affects the results that are discussed 
in this chapter. Besides the concept of innovation the studies identified several aspects as 
important in innovation activities such as different dimensions of knowing, the 
uncertainty that surrounds new ideas as well as knowledge acquisition and sharing. 
These aspects are further discussed in the following sections.  

6.1 Concept of innovation 
In the literature the concept of innovation is often categorized into different types, e.g. 
incremental, radical and disruptive (Garcia and Calantone, 2002). This distinction is 
made due to the fact that different types of innovations requires different kinds of 
underlying knowledge (Schilling, 2010) or bring different kinds of change into effect 
(Flynn et.al., 2003).  However, in reality this divide is not easily accomplished since the 
results differ depending on the perspective and existing knowledge of different 
stakeholders. In the project that developed a new indexable insert drill, the perception 
of the outcome can be perceived as more or less innovative depending on which 
stakeholder that is involved. Since the project resulted in several patents and enhanced 
productivity of the customers processes, the outcome is perceived as innovative by the 
company. For the customer, e.g. an Original Equipment Manufacturer (OEM) 
producing a component, the product is new and increases productivity but does not 
radically change the current way of working. The end customer, buying a product 
containing the component, probably does not even notice any difference. This resembles 
the reasoning by for example Afuha (1995) and Garcia and Calantone (2002).   

If the innovation has attained a patent, this should indicate that the product in some 
regards is novel to the world (Hagedoorn and Clooth, 2003). In fact, patents protect the 
vast majority of the included innovations, though rarely for the whole product. Instead, 
patents were granted for either sub-solutions resulting from concept ideas or from a 
combination of ideas, e.g. using a particular steel alloy in a particular application.  An 
example of a patented sub-solution comes from the project referred to earlier (new 
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indexable insert drill), which resulted in two new patents, both for sub-solutions. The 
first patent was for a particular shape of the inserts that allowed a smother entrance into 
the material; the second patent was for a particular distribution of the inserts that 
evened out the force balance on the tool.  

Several respondents from projects that have received awards for innovation within the 
engineering group refer to patented solutions and the change that customers perceive 
when using the product when reasoning about innovation (Paper A and D). This 
highlights that project team members use an ‘outside’ perspective in order to distinguish 
between innovative and not so innovative solutions. To develop these solutions, much 
understanding and knowledge of the application area and force distribution, for 
example, was necessary.  

6.2 Dimensions of knowing 
In the literature, a distinction is often made between two dimensions of knowledge – 
the tacit and the explicit (e.g. Polanyi, 1967) or (Popadiuk and Choo,2006). The tacit 
dimension cannot be easily articulated or transferred in explicit form, since it is 
personal, context-specific and highly rooted in action (Swan et.al., 1999). In contrast, 
knowledge of the explicit dimension is often articulated, codified, and communicated 
using symbols (Popadiuk and Choo, 2006), e.g. maps and instructions. Both Cavusgil 
et.al. (2003) and Días-Díaz et.al. (2006) argue that tacit technological knowledge assets 
appear to be the most influential on innovation. However, in real situations this 
distinction, between tacit and explicit knowledge, is not easy to make, since both tacit 
and explicit knowledge can be difficult to communicate, and are complementary to each 
other (Polanyi, 1967). Something explicitly expressed is not necessarily easily understood.  

A product developer, from the study behind Paper B, explained how he had 
developed such a deep understanding of the phenomenon, during the development of a 
particular model, that he can ‘run’ interdependencies not included in the model in his 
mind. These interdependencies are neither easy to communicate nor articulate or make 
explicit, and are therefore an example of tacit knowledge. 

 “I used to look at them [the models] much more. But now I have them in my head, so I don’t 
have to look at them as much. But I have looked at them relatively frequently anyway, even 
though I can run the models in my mind. And I also run these interdependencies in my mind 
[not possible in the actual models].” 

The product developer continues to explain what he considered to be the most 
important result of the development of an engineering knowledge model.  

 “That I understand better, the one who has created it [the model] understands better. 
Secondly that some of the others have gained some insight, but they have not remained with the 
company long enough to fully absorb it.” 

In turn this indicates that tacit technical knowledge, like that described by 
Cavusgilet.al. (2003) and Días-Díaz et.al. (2006), can be developed when working with 
engineering knowledge models. This also puts an emphasis on the ambivalent aspect of 
reuse. That is, depending on the purpose, it is occasionally better to develop a new 
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model than to reuse an existing one, because problem statements change over time and 
much understanding is attained during the development of a model (Paper B). 
Engineering knowledge models are also often used for communication purposes and for 
purposes other than originally intended. In fact, even though these models are explicit 
artefacts they are often used by, for example, an ‘expert’ to explain something, thereby 
supporting the sharing of more tacit knowing (Paper B).  

6.3 Connecting ideas and knowledge 
The concept of idea is at the core of the concept of innovation, since innovation can be 
seen as ideas that have been developed and implemented (Van de Ven, 1986). However, 
finding a consensus of an idea is difficult. In this thesis, an idea is viewed as a mental 
construct that is unrealized, unproven or untested, as supported in the literature since 
Hansen and Andreasen (2005) view an idea as a mental construct and Gurteen (1998) 
focus on the untested and unrealized aspect. With this definition an idea should be 
distinguished from knowledge. Even if an idea is based on previous knowledge, and 
believed to make a difference, the idea has not been tested or realized and the final 
result is therefore unknown. Moreover, an idea always originates from the insights of a 
sole individual (Björk and Magnusson, 2009), indicating that the natural ‘starting point’ 
for an idea is within the tacit dimension of knowledge.  

Engineering knowledge models are, as mentioned in the previous section, used for 
communication purposes. Furthermore, the models can support and reinforce a new 
idea (Paper B) when communicating it to others. Other ways to ‘mature’ an idea is to try 
it out against for example project requirements or customer needs (Paper D). When the 
idea is tested, justified and realized, it will in fact have generated new knowledge, since it 
is now known whether the idea will make a difference or not. 

6.4 New ideas requires new knowledge 
Any new idea will be surrounded by uncertainties, something the design team need to 
find a way to mitigate. In innovative projects, more knowledge will be lacking at the 
beginning, due to the need for a higher degree of new knowledge (Dewar and Dutton, 
1986). Indeed, knowledge was lacking to varying degrees in the projects awarded for 
their innovative outcomes.  Uncertainty existed mainly within the following overall areas 
(Paper D):   

 Markets 
 Needs of the customer 
 Product Requirements (accuracy and feasibility) 
 Equipment (manufacturing and process) 
 Required knowledge (compared to task and to outside world) 
 An idea (quality and feasibility) 

Uncertainties regarding the market area related to the reason for starting a project, 
i.e. uncertainty whether an identified technological opportunity had enough market 
potential. Uncertainty regarding customer needs or product requirements often related 
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to the difficulty in capturing what it is that will provide value for the customer. The 
following excerpt from a project leader exemplifies this:  

"This is something we struggle with, these softer or more implicit [customer] needs, to put them 
down on paper. What within these areas is it that we want? If you can’t set those 
[requirements], then they are incredibly hard to fulfill." 

The perceived uncertainty regarding required knowledge concerned for example 
whether the competences necessary to perform a task existed or could be developed. The 
quality and feasibility of an idea was also a source of uncertainty often relating to 
whether an idea was good enough or if it could be realized (Paper D). The areas of 
uncertainty above seem to coincide greatly with the different dimensions of a product 
idea identified by Hansen and Andreasen (2005), see Figure 6. Only two identified 
uncertainties do not fit into the framework, i.e. the perceived uncertainty regarding 
what knowledge or competences are required and the feasibility or quality of an idea. 
One possible reason for this is that the framework focuses on product ideas, whereas 
uncertainties can also come from concept ideas.  

To mitigate mentioned uncertainties, design teams sometimes explore an idea into 
several directions simultaneously, i.e. exploring possible solutions and trying to 
understand requirements and needs (Figure 9).  

 
Figure 9: Simultaneous exploration of an initial product idea into two directions i.e. exploring possible 

solutions and trying to understand requirements and needs 

An example of when it was necessary to ‘return’ in the process to find the right 
solution comes from a project developing a new series of milling cutters for aluminium 
machining. Here, the project team started off with an old specification of requirements, 
but soon realized that the customer’s needs had changed and that they would end up 
with a less than adequate product if they continued. Hence, the project team did not 
fully accept the requirements they were handed by product management, since they did 
not comply with the reality the team were facing. The following excerpt highlights how a 
product developer in the project perceived the situation.  

“The market had changed and the customers' requirements had also changed, so it was not the 
right product. We understood that if we continued on that track the right product would not 
result from the process.” 

Therefore, the team decided to take a step ‘backwards’ and conduct a market 
investigation, resulting in a new vision for the team. The respondent from this project 
also brought up another occasion when the team was not prepared to settle with the first 
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solution to a sub-problem. 

“The first generation was essentially good enough, that is the functionality and accuracy and 
things like that. But it still felt like something was missing in the area of usability. We didn’t 
want to let it go, so there was another loop where we redid certain things.” 

This case illustrates that a design team not only needs to solve the problems, 
answering the HOW question, but also to widen the scope and answer the WHY and 
the WHAT questions (Table 8). Here, the reason for the product (the answer to the 
WHY question) also includes the answers to WHO (e.g. customers) and WHERE (e.g. 
context, cultural issues).  

Table 8: The main scope of different problem spaces with examples 

Problem 
space 

WHY WHAT HOW 

Main scope 
Why should we 

develop this product? 

What product is it that we 
should develop and what is 
the difference that matters? 

How can a concept idea be 
realized into a product? 

Relates to 
for 

example 

Markets 
Customer needs 
Internal needs 

Product requirements 
Technology opportunities 

Customers processes 

Feasibility of requirements 
Feasibility and quality of ideas 

Required knowledge for the task 

Hansen and Andreasen (2005) make a distinction between product ideas (answering the 
WHY and WHAT questions) and concept ideas (answering the HOW question) and 
emphasise an implicit time relation to these ideas. Findings from the innovative projects 
show that these questions are not always dealt with consecutively (WHY  WHAT  
HOW), as indicated by a sequential process model. With this background a circular 
model of uncertainty was proposed (Figure 10). 

 
Figure 10: A circular model of uncertainty illustrating the connection between ideas and problem spaces 

(WHY, WHAT, HOW) 
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This model (Figure 10) describes the problem spaces to bridge in order to introduce a 
product (center of the model) and fulfill a need (peripheral in the model). Depending if 
the specific product idea is internal or external, i.e. if the project is market or R&D-
oriented (Crossan and Apaydin, 2010), one starts at different locations in the model. A 
market-oriented project will start in either the need area or the WHY problem space, 
whereas an R&D-oriented project will start in the WHAT problem space. In this model 
it is also possible to visualize the simultaneous exploration of an idea (Figure 9) in 
several directions, i.e. searching for possible solutions to a problem while striving to 
understand the requirements and needs (Figure 11).  

 
Figure 11: Exploring an initial product idea in two directions simultaneously  

To illustrate this simultaneous exploration, the example from the project presented 
above (new series of milling cutters for aluminium machining) is mapped into the model 
(Figure 12) .Once the time dimension is added to the model the process becomes 
irreversible because the individual or team has acquired an increased understanding of 
the problem, i.e. you never return completely to the idea at the beginning of the process. 
Further, it is possible to process both product ideas and concepts ideas simultaneously 
while moving between the two. 
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Figure 12: An illustrative example from one of the projects  

In incremental development, the design team can easily proceed towards the centre of 
the model, i.e. the finished product, due to the teams’ past experiences of how to handle 
the situation. However, when a product idea or area is new to the individual or team, 
proceeding further out in the model seems more crucial, i.e. to explore the why-space 
and the need for the product, and iterate between the different spaces (Paper D).  

Further, both perspectives of design, as a rational problem solving process or a 
process of reflection in action (Schön, 1983; Dorst and Dijkhuis, 1995), can be 
visualized in the model. Problem solving activities are illustrated through arrows directed 
towards the centre, whereas problem setting activities are illustrated through arrows 
pointing outwards in the model. To proceed towards the finished product, the team 
need to aquire new knowledge, thereby reducing uncertainty.   

6.5 Acquiring and sharing knowledge 
According to Nonaka (1994), innovation is a process in which an organization creates 
and defines problems and then actively develops new knowledge to solve them. Still, 
innovation is also a collective achievement, since many individuals and competences are 
necessary to implement an idea (Van de Ven, 1986). Therefore, it is important to 
understand how design teams acquire and share knowledge within innovation activities. 
In the innovative projects included in this thesis, knowledge was acquired (thereby 
mitigating perceived uncertainty) by for example:  

 Mapping growing markets, conducting market investigations 
 Collaborating and observing customers (building relationships and establishing 

partnerships) 
 Getting a formal certificate to be prepared for the future 
 Benchmarking against existing technologies and competitors 
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 External collaborations with universities, for example 
 Ask more experienced colleagues or specialists 
 Internal competence development, e.g. developing a calculating program or 

process development 
 Reviewing current literature 
 Sketching in CAD-systems to evaluate feasibility of an idea 
 Simulations, tests, prototypes etc.  

To acquire knowledge within the company, it seems preferable to find the person who 
knows, to ask an individual or group within the company with the knowledge or to 
developing the knowledge in the team, e.g. by sketches, observations, tests, prototypes 
(Paper A).  

The notion that developing new knowledge and sharing this knowledge with others 
has a positive influence on a company’s innovative ability was supported by the results in 
Paper C. There is a significant positive relationship between the knowledge related 
variables (Knowledge Creation, Documentation of Knowledge and Knowledge Sharing) and the 
two innovation related variables (group and organizational level), see Table 9.  

Table 9: Correlation matrix of knowledge related variables and innovation related variables. **. Correlation 
is significant at the 0.01 level (2-tailed). 

 1 2 3 4 5 
1. Knowledge Creation 1 0.335** 0.358** 0.393** 0.345** 
2. Documentation of 

Knowledge 
0.335** 1 0.501** 0.303** 0.250** 

3. Knowledge Sharing 0.358** 0.501** 1 0.341** 0.220** 
4. Innovation on group level 0.393** 0.303** 0.341** 1 0.509** 

5. Innovation on 
organizational level 

0.345** 0.250** 0.220** 0.509** 1 

Since the affect of organizational factors on knowledge sharing might have been 
neglected by knowledge management theory (Magnusson, 2004) the effect of the 
organizational factors time, conflict, debate and trust on the creation, documentation 
and sharing of knowledge was explored (Paper C). The result of the OLS regression 
analysis is visualized in Figure 13.  

 
Figure 13: Model of relationship between variables showing all significant connections (dotted line: negative 

relationship, continuous line: positive relationship) 
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According to Riege (2005), trust seems to have a direct influence on the flow of 
communication and thus the amount of knowledge sharing within and between 
business functions and subsidiaries.  However, neither Trust (handling conflicts and 
opposing views openly) nor the existence of power and territorial struggles (Conflict) 
significantly affected the sharing of knowledge in this study (Paper C), possibly due to 
the low levels of conflicts in the study. However, in the study, Trust serves as a mediating 
factor between Conflict and Knowledge Creation, that in turn strongly correlates with 
Knowledge Sharing.  

Lack of time is another barrier for knowledge sharing (Magnusson, 2004) and could 
actually explain why employees hoard information (because it takes time to transfer it 
from one person to another or from a tacit into an explicit format), according to Riege 
(2005). The results from this study showed that Lack of Time is not significant for 
Knowledge Sharing per se, but affects the important predecessors Knowledge Creation and 
Documentation of Knowledge. Still, the distinction between for example knowledge 
creation and knowledge sharing is not easily made.  

Another finding is that long-term employees at the companies share what they learn 
more than newer employees. At the same time, experienced employees perceive that they 
are not allowed time to learn new things to the same extent as others. This implies that 
managers should support experienced employees to learn new things, since they will 
likely share what they have learned with others.  
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7 Conclusions and future work 
This chapter presents the conclusions from the work presented in this thesis. Initially, the aim and 
the guiding research questions for this thesis are presented again. Thereafter, the chapter is finalized 
with the main contribution, some concluding remarks and suggestions for further work.  

This research was conducted in close collaboration with an established company active 
in a mature market, Sandvik Coromant. The company is also part of a larger engineering 
group (the Sandvik Group). The work presented in this thesis is part of a research 
project aiming to support design teams to continuously accomplish innovations. The 
purpose of this thesis was therefore to explore how teams work in R&D projects and 
particularly how they conduct innovation tasks. To distinguish innovative projects from 
projects of a more incremental character, projects awarded for their innovative outcome 
were targeted in the research. The empirical studies included in this thesis are based on 
either qualitative data, gathered mainly through semi-structured interviews, or 
quantitative data collected through a questionnaire. The research has been guided by the 
following two research questions.  

RQ1: How do design teams overcome a lack of knowledge when working with new ideas? 

Even though a new idea can be based on past experience and knowing, it should be set 
apart from knowledge, since it is unrealized, unproven and untested. Thus, this indicates 
that new ideas are surrounded by uncertainty, because any knowledge of whether the 
idea will make a difference or not is lacking. To overcome this uncertainty (perceived 
lack of knowledge) several areas were explored by the team, sometimes simultaneously, 
i.e. market, needs and requirements.  

RQ2: How is knowledge acquired and shared in innovation activities? 

The team has at least four possible ways to acquire lacking knowledge: find who knows, 
revisit corporate knowledge, search externally or develop the lacking knowledge 
internally. For example, finding who knows is to ask an individual or a group within the 
company with the knowledge. In doing so, it is not uncommon to use explicit tools or 
models, such as engineering knowledge models, for communication purposes. To revise 
corporate knowledge includes activities such as searching databases, models, current 
offers, and existing prototypes. Searching externally is, for example, to collaborate with 
customers or universities, conduct patent searches or benchmark competitor products. 
Developing knowledge internally includes activities such as sketching, observing, testing, 
simulating and prototyping. At the company, there seems to be a preference for either 
finding who knows or to develop the knowledge internally.  
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7.1 Main contributions 
An industrial contribution is that the concept of innovation differs depending on the 
applied perspective, i.e. different stakeholders have different perspectives. This indicates 
that an innovation can be considered as incremental from one perspective whereas 
another stakeholder views the innovation as quite radical. Moreover, innovation 
activities do not follow a sequential process, which the company needs to take into 
consideration in order to provide room for new innovative solutions.  

An academic contribution from this thesis is a description of the current situation at 
the company as well as the circular model of uncertainty (Figure 11). Since innovative 
activities require much iteration, and a simultaneous exploration of possible solutions as 
well as requirements and needs, they are difficult to map into a sequential process 
model. However, the circular model provides a mean to explain and map these activities. 
Further, both product ideas and concept ideas seem to benefit from an exploration not 
only inwards but also outwards in the circular model.  

The following concluding remarks can be made concerning how teams conduct 
innovative tasks.  

 In practice, a distinction between the tacit and the explicit dimensions of 
knowledge is seldom made. Instead, focus is placed on the understanding of, 
for example, a problem or an application and the communication of this 
knowledge to others. Therefore, both tacit and explicit knowledge are 
important in innovation activities.  

 Learning new things and sharing what you have learnt correlate significantly 
with the perception employees have of innovation at both the group and 
organizational levels. Moreover, organizational factors such as trust and years 
of employment seem to play an important role when it comes to sharing 
knowledge.  

7.2 Future work 
The explorative studies included in this thesis are mainly based on empirical data from 
one engineering group. Therefore, a broadening to include other companies would 
contribute with comparative and contrasting results.  

From this work, two areas have emerged as particularly interesting. First and 
foremost, the maturing of ideas to get them implemented in products and processes is 
particularity interesting when it comes to supporting design teams to be both efficient 
and innovative. Moreover, examining further into how design teams can be supported in 
exploring their ideas (product and concept ideas) into several areas, i.e. inwards and 
outwards in the circular model, as well as what methods and tools can be used for this 
purpose is intriguing. 

It is also interesting to look at what happens with ideas that are not implemented in a 
specific project. What actions can be taken in order to ‘capture’ and further develop 
these ideas? 
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1. Introduction 
Innovation is closely connected to the concept of design, especially if design is used as a verb, i.e., 
designing [Hubka 1996]. Designing is a transformation process which aims to create something new 
or to change a less desirable situation to a preferred one [Friedman 2002]. From an engineering design 
point of view innovation is a constantly present ingredient, in varying degrees, for an engineer to 
handle. Therefore, among other things, innovation as a concept is in industrial focus. 
In turn this industrial interest in innovation stimulates academic research in the field. Looking at the 
contributions from 4 ICED conferences ranging from 2003 to 2009, and 2 Design conferences, Design 
2006 and Design 2008, a search for the word innovation gives the following result:  

Table 1. Use of the word ‘Innovation’ 
ICED Mentioned in 

papers 
Total hits Design Mentioned in 

papers 
Total hits 

ICED 2003 29% 459    
ICED 2005 31% 915 Design 06 45% 203 
ICED 2007 30% 717 Design 08 42% 641 
ICED 2009 26% 622    
 
Hence, the topic of innovation has a fairly established role within the engineering design community. 
Innovations within an industrial setting should be results-focused and opportunity-focused. [Drucker, 
1998] One way for top management of stimulating these foci is by rewarding employees with an 
award for innovations showing high technical standards while also seizing or creating a market 
opportunity. Awards are often also used for marketing the company as being innovative and creative, 
e.g., “creating the future”. However, in general, in these announcements the roots of the innovations 
do not show. So, we started to wonder – where do innovations come from?  This paper is based on a 
descriptive study of two types of innovation awards within a manufacturing company and aims at 
identifying sources and understanding the background of these awarded innovations.  

2. Delimitation 
The study is delimited to the point of view of the actors that has received awards for innovations. The 
study presented here includes an implicit top management point of view, i.e. top management is 
involved in the award decisions but they have not been interviewed in this study. We do not 
distinguish between the two awards when presenting the empirical data.  
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The company’s view of innovation is shown in the description of the two prices. 
 
Thus, in this paper, we have chosen to take an industrial view and use the innovation awards at the 
company to investigate the background of innovation activities.  

3. Method for data generation 
Five semi-structured interviews have been performed to generate qualitative data for this study. In 
total seven respondents have participated in the interviews, which lasted from about 45 minutes up to 
1.5 hour. The interviews have been performed by three of the authors, face to face or by phone. The 
respondents are found within a large manufacturing company and have academic backgrounds ranging 
from high school to PhD, in different technical areas.  
The company has established two awards for innovation. When rewarded, the respondents had an 
employment with the company where they worked as product developer, project manager or 
researcher. The interviewees were selected from the five most recent award winners for each award. 
All interviewees are still employed at the company. 
Semi-structured interviews means that the questions are focused on certain topics, but the respondents 
can formulate their answers freely in relation to the topic. The topics for the interviews in this study 
were broadly settled to: the circumstances surrounding the idea and the process from idea to product. 
Often, semi-structured interviews start with an open-ended question. The first question in these 
interviews was: Tell us about the prize? From this, the interviews have emerged deeper into the topic 
of what initialized the innovation process. Firstly, the follow up questions are built upon words 
coming from the respondents answers, thereby the words are based upon the terminology “natural” for 
the respondents. Secondly, in general follow up questions have been, for example: “why?”, “tell me 
more about…”, and “can you explain…”. This has encouraged the respondents to go deeper into the 
area and to some extent biases by the researchers have been avoided. The interviews were carried out 
in Swedish, recorded and transcribed; the citations in the papers are translated by the authors. The 
written texts have been interpreted and analysed in relation to the context of the question, meaning that 
the analysis has identified categories, which have emerged from the empirical data. 
The innovation awards that frames the study presented here can be awarded to any employee of the 
company that has performed an innovative activity. For both prizes, the winner/winners are selected 
by a review committee.  

The Haglund medal:  
This award has a tradition going back to the midst 80’s, and is annually distributed within the 
company. The purpose is to recognize contributions from employees which lead to a commercial 
success for the company and results in future work or employment. The winners can be individuals or 
groups of employees. The committee consists of CEO, a union representative and three people with 
excellent experiences and knowledge of the company. All employees can be nominated and can 
nominate others to the award.  

The Innovation prize:  
This award is a complement to the Haglund medal and was established in 2003 to give faster feed-
back by having a less stringent demand on commercial success. Any individual or group who has 
developed the most innovative product or process over the past two years can be nominated. The 
company’s R&D Council determines the winners.  
 
Two of the interviewees have been awarded both awards. First they received the Innovation Prize in 
2005 and later when the innovation became a commercial success, they also received the Haglund 
medal. This shows the complementary character of the awards.  
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4. Theoretical Framework 
This section is three folded. First innovation is put into context, secondly the relation of knowledge 
and innovation is described briefly and finally the innovation setting where innovations occur is 
described. 

4.1. On innovation 
At the heart of innovation activities is the effort to create meaningful and focused change within a 
company’s economical and social potential [Drucker 1998]. A driving force for innovation activities is 
the intention to change a situation, a thing, a condition or the like into something better. This broad 
application of the concept makes it possible to view innovation from multiple perspectives, for 
example from a product development, a process, a marketing or a business model point of view 
[Moore 2004]. In general, the definition of innovation is something new that has reached a market, but 
such a simplification does not support understanding. For instance, what is new? And, what is a 
market? From a management point of view one can recognise at least 15 different constructs that 
embarks from the word innovation, and at least 51 different variants which relates to these [Garcia 
Garcia 2002].  
Three basic archetypes of innovation outcomes can be discerned, namely incremental innovation, 
evolutionary and revolutionary innovation [Jacoby 2007]. The innovation outcomes can be seen in 
Figure 1. The incremental innovation, is based upon existing users and existing offerings. 
Evolutionary innovation is based upon existing users and new offering, or new users and existing 
offerings. Revolutionary innovations are based upon new users and new offerings. According to 
[White 2000] innovations can originate from customers, creative individuals or by including ideas 
from other fields. This study takes a closer look at some of these factors.  

 
Figure 1, Innovation outcomes, from Jacoby & Rodriguez 2007  

Since a main effort of innovation is economical and social growth, newness in terms of markets 
(users) and/or technology (product) is vital. The firm’s growth can come from every quadrant in 
Figure 1, thus the tool can be used to identify the intentions of the innovation activities, to deploy an 
appropriate innovation process and to assess the portfolio of innovation effort [Jacoby 2007]. 
 
 



4 

4.2 Innovation and knowledge 
Innovation is based on previous knowledge, Nonaka [p. 237 1995] states:  
“’Something new’ is created by having tacit and explicit knowledge interact with each other” and they 
concludes that this conversion process is the essence of knowledge creation. Explicit knowledge can 
be readily codified by symbols, objects or models. Tacit knowledge is context dependent, based on 
experiences, thoughts, and feelings. The concept also comprises both cognitive and technical 
components and is hard to codify.  

4.3 Innovation setting 
The innovation setting describes the environment and team in which the innovation occurs. In large 
organizations the ease of internal communication has a great effect on the innovation climate [Jensen 
2007], both knowing what and knowing who is important. Further more as elaborated on by Lopez-
Mesa [2004] in Isaksen’s 4P model and Rhodes 4P+N model respectively, the innovation setting is 
dependent on the following five factors; person, product, (development) process, press and (customer) 
needs. The aggressiveness of the goals and how achievable they are perceived to be is part of the 
concept press.  
New ideas can come from a range of different sources from inside or outside the organization, such as 
customers, competitors, R&D, and production staff [White 2000]. The actors within a product 
development team have to possess innovation capabilities such as curiosity, empathy, and so forth. 
These individual and “personal” capabilities are drivers in an innovation process [Gutiérrez 2009]. 
The team setting is also important for innovation, the team needs both knowledge of process, product 
and people. The composition of innovative teams is difficult. Sosa and Danilovic [2009] present an 
approach to identify the individuals who contributes to innovations by ‘creative interactions’. 
Gish et al. [2009] followed the idea work of a specific product and concluded that “Early idea work is 
a complex process and interlinked with many other activities both inside and outside the 
organization” They also concluded that the idea work includes a wide range of actors and needs 
continuous support from these actors. 

5. The respondent’s point of view  
The innovation activities that the respondents have described have been categorized into four 
categories: Initial knowledge (and lack of knowledge) in the team, Knowledge creation, Innovation 
setting and Idea initialization.  
Extracts from the interviews are presented here.  

5.1 Initial knowledge in the team 
In this study initial knowledge means the knowledge the interviewees had when entering the project. 
This includes but is not limited to knowledge concerning; competitors offerings, the company’s 
existing offerings and users. 
The starting position for the innovation process is recognised by the respondents as a situation where 
knowledge is lacking in various degrees i.e. experience in the specific area, customer needs or existing 
technology. One respondent perceived that none of the project members had the appropriate 
knowledge: 

“No, there was no one who had it [the knowledge]. That's what the problem was; there were no 
knowledgeable persons available. Those who had developed the previous solution had left or 
changed jobs.” 

“We had all worked within the company for several years, but we where new [within this 
specific application area].” 

Another respondent explained that their innovation process was really starting from scratch, were 
previous knowledge and experiences was lacking.  

“This started really with a blank paper. […] Many things had not been done before.” 
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Yet another respondent described the innovation activities as a stepwise exploration of possible 
solutions:  

“We had lots of different solutions. We had seven different concepts of solutions that we decided 
to try out. If we had understood more beforehand, then maybe we would not have done so. So it 
was more like an exercise. Five concepts was not realistic, but was useful for us for the sake of 
understanding.” 

These excerpts show that innovation activities are closely linked with a learning process, where 
knowledge is built successively. A clear example of incremental product development where 
existing knowledge were built upon is: 

“We have a similar product, something to replace. Because of this we have a deep experience of 
how the product should be constituted. That experience has also helped this project to 
succeed.”  

It is seen from the statements above, that when working in projects the persons available might not be 
those actually needed for the task, since the most suited persons can be fully occupied in other 
projects. Also, people leaving the company means that valuable knowledge disappears. For these 
innovation activities, the respondents expressed that there existed previous knowledge within the 
company. One interpretation of this situation is that the team was able to recognize what knowledge 
that would be needed for the innovation activities, but for different reasons, they could not get access 
to it. 

5.2 Knowledge creation 
The activities of knowledge creation are part and parcel of the innovation activities. The respondents 
have expressed that knowledge creation and progressing understanding are perceived to take a 
significant amount of time.  

“The problem was that throughout 2000, we dedicated maybe 7-8 months to build competence 
within the group. None of us had the experiences of this particular application, so we were 
forced to go down to the workshop to watch what happened when [the product] was in use. We 
were sitting there watching this… So it was a slow start.” 

The necessity of spending time observing like in the above project seems to be common. Also, 
knowledge is explained by the respondents to evolve in dialogues with colleagues possessing expertise 
skills. From such collaborative efforts new practices can evolve:  

“We will launch the project in the autumn, what skills do we need before we start the project? 
…I came up with the idea that we needed more knowledge about the forces involved. So, for 
three months, I sat down with a colleague and created a force calculation program” 

Over time, this respondent perceived that they might have started something that they might not be 
able to finish:  

"We thought that we couldn’t do anything [about the forces] - it’s physics”  

Though, the development of the calculation program changed that situation:  

“With the help of the program, we were able to experiment with different types of forces to 
investigate what happen. It was only after playing with different values we really started to 
come up with an understanding that it may be possible to find a solution.” 

Another respondent explained that knowledge domains that have once become obsolete for the 
company might come into play in innovation activities. Though, the revival of such old knowledge can 
take long time, and the business environment is moving fast: 

“It was for an area, in which the company actually has not been active for a relatively long 
time. The first attempts to find a solution was made in something we could call a knowledge 
development project. We started working guided by the old specifications, but we felt that this 
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was not true any longer. The market had changed and the customers’ requirements had also 
changed, so it was no longer the right product. We understood that if we continued on that track 
the right product would not come out of the process.” 

A respondent from another innovation project described how his perceptions changed when learning 
in the innovation activities:  

 “When I came up with the idea, we had some knowledge, but there was much we had to learn 
along the way. Things that we, from the start, had not realized were really important. There 
were surprises on the journey, one can say.” 

The importance of knowledge creation when working in innovation activities is recognised at the 
company. When knowledge is identified as lacking a parallel project to build knowledge is in some 
cases started. The respondent expressed the links between such projects and innovation activities: 

“To build knowledge was a systematic work. We did that in a parallel knowledge project while 
we in the main project tested the idea of the new product.” 

Yet another respondent described the innovation activities as a stepwise exploration of possible 
solutions:  

“We had lots of different solution ideas. We had seven different concepts of solutions that we 
decided to try out. If we had understood more beforehand, then maybe we would not have done 
so. So it was more like an exercise. Five concepts were not realistic, but they were useful for us 
for the sake of understanding.” 

This shows that knowledge creation can be enhanced by developing alternative tentative solutions. Of 
course, in retrospective it is simple to see the dead-end solutions and think that they were unnecessary. 
 
These excerpts indicate that innovation activities are closely linked with a learning process, where 
knowledge is built successively. Two respondents explained their way of working as follows:  

“We sketched a lot in the CAD-system. And it felt like an absolute must to see how an idea 
worked out” 

“We did sub-structures, tested and simulated forces by applying load in the laboratory. Some 
calculations were made in early FEM-systems that were available”  

5.3 The innovation setting 
One respondent highlights the importance of informality and fun when working with innovations. 
This, he explained, was as a way to cope with the big dips of hopelessness and doubt when the team 
feels that the task might not be doable:   

 “We managed to create an open and informal climate. We laughed and had lots of fun. We 
called our humor a sort of resignation jokes. We used it when it went so goddamned bad that it 
is almost ridiculous”. 

He continued to describe how the team worked closely together, as he saw this as important for 
coming up with new ideas:  

 “The team was very tight. We where sitting very close together. And, we were throwing ideas 
between each other; we were really on each other.” 

One of the respondents explained the innovation setting as follows:  

“One needs to have a network of people, it does not need to be hundreds, but if you have a 
network you will know who to turn to in order to solve the problem. And in my opinion the 
closer you sit, the easier it is to get this network. ” 

Another respondent had a different view for how an innovation setting best support the creation of 
new products:  
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“…we have so specific boundary conditions to work with, so I personally do not think that 
brainstorming is something that is directly useful. A more structured discussion on a problem, 
or to seriously discuss what we can do differently… instead of having this kind of… but, yes, the 
difference is subtle, structured brainstorming.”  

Yet another respondent had the opinion that the demands posed on the end result matters a great 
deal:  

“One should take in consideration that clear objectives make it easier. Then there are the 
unclear objectives, that also were present, but in that case it is necessary to get them quantified 
from the customers.” 

5.4 Idea initialization  
How the ideas were generated and what initialised the subsequent innovation activities, are explained 
by one respondent as a “Eureka” moment: 

“We had gathered a number of people in a meeting. We talked about our perceptions about the 
problem. This is how it is, it works likes this and this is the rational and so forth. We do not 
have a solution for this… So, what do we do? From this conversation, suddenly… It was 
actually, bang! Why can’t we do like this? Then it was obvious, this how the solution should 
look like!” 

The respondent continued to describe what has been different from previous meetings.  

“It was a new person [previously not involved in the project] from the production that we had 
invited. We wanted someone to look at it from a slightly different direction.” 

Another respondent answered the question from where did their ideas come by describing how their 
innovation activities started by a request from another industrial sector:  

“They asked if we could develop a free-cutting steel without lead. They thought that regulations 
would make lead in this material not allowed in the future. So, the trigger for the idea was the 
possibility that the authorities would put higher demands on the industry. They thought that 
something like this would happen, since such regulations already were established in Europe.” 

Emotions can also be a trigger for innovation activities. One respondent explained:  

“I became frustrated. I had tried to find a solution for so long. We had tried several different 
approaches; we had tried to think this through. Nothing worked.” 

She continued to describe what encouraged her to keep on trying:  

“I was part of another project at a university, and had learnt that it might be possible to do this 
in another way than what was commonly understood. So, I tried. And, it worked!” 

Another respondent explained how his project got started:  

“We had some sort of objective and some alternative solutions.” 

From this tentative objective, he described how the innovation activities started of from previous 
patents at the company and from benchmarking competitor’s products:  

“It is interesting to look at old patents, on things that have been. Very interesting solutions that 
a lot of people have spent time and effort on, to find a solution to these small gadgets. There are 
an abundance of solutions if you scrutinize patents.” 

He continues: 

“If you stretch it, an idea virtually always comes from one individual from the beginning” 

As seen above stimulus for ideas can come from many sources, often the initial idea is formulated by 
one individual but then developed and refined in the contact with others. This contact can also give 
motivation and momentum to develop the idea into a solution. 
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6. Discussions of respondents point of views 
The individuals interviewed work in the incremental, possibly evolutionary, innovation paradigm, see 
figure 1. This because existing users and existing offerings where the basis for their projects.  

6.1 Initial knowledge in the team 
Despite the incremental situation knowledge can be lacking in the beginning of a project on either 
individual, group or company level. Knowledge can exists within the company; however persons that 
possess it might not be available for the innovation project at hand. Since people go in and out of 
projects this situation is common for all sorts of projects. Further, in relation to this aspect, a relevant 
question is how to achieve the best possible result with the available competences? This study shows 
that there are challenges when setting up a team of designers that are supposed to work with fuzzy and 
vague problems. This is also true when working with problems with very tough requirements (that 
could be seen as unachievable). In several of the projects the requirements on the new product were so 
demanding that a solution could not be developed from the existing knowledge within the company.  
In reality there is no “dream team” because the team is set up based on available resources and the 
basis of what type of knowledge is assumed important at the beginning of the project.  

6.2 Knowledge creation 
The core team started the project with its existing knowledge, and during the project this knowledge 
was expanded and the team had the opportunity to acquire knowledge from knowledgeable people 
outside the project. This shows that it is more important to have team members with competences that 
make them good at finding, and wants to find knowledge, instead of trying to find the right front-end 
competence in the beginning.  
From the presented material it seems that communication within the groups is open i.e. knowledge 
exchanged between individuals and group and vice versa is abundant. This means that if knowledge is 
lacking at group level it is not present with the individual either. This leaves the group with the 
following four possibilities to acquire lacking knowledge:  

1. find who knows, ask an individual or group within the company having the knowledge (tacit 
and explicit knowledge),  

2. revise corporate knowledge such as databases, models, current offer, existing prototypes 
(explicit), 

3. search externally e.g. university collaboration, patent search, and projects with customers 
(explicit),  

4. develop knowledge internally, e.g. by sketches, observations, tests, simulations, and 
prototyping (tacit and explicit). The material indicates preference in this case for possibility 1 
and 4.  

The level of the requirements for the product to be developed is clearly interlinked with the perceived 
lack of knowledge. Co-location of group members enhances the well-functioning knowledge 
exchange. This can also indicate why possibilities 1 and 4 are preferred for creating knowledge since 
they are performed within the company and with people located near the project group. The lack of 
preference for possibility 2 can either be that face-to-face knowledge acquisition is preferred or that 
company knowledge is internalized in experienced individuals hence linked to possibility 1. 

6.3 Idea initialization and innovation setting 
Commonly, innovations can be seen as sprung out of previous knowledge that is gradually built up 
over time. On an abstract level this holds true, but we have found that the mix of previous knowledge 
and the creation of new has been a parallel, and necessary, effort that has led to successful innovations. 
This can be exemplified from the empirical data that in two projects they acquired new knowledge that 
changed the view on some phenomenon. In the beginning of the projects these phenomena were 
considered as rigid ‘Nature laws’. When the project acquired more knowledge about the nature of the 
phenomenon they realized that they could change its behaviour.  
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The teams had the opportunity to acquire knowledgeable people from outside the project. Having a 
structured discussion where the constraints and ideas where discussed was a major part of the idea 
initialization. In the same way solutions were refined. Innovations can also burst out of a eureka-
moment; however this has a random component to it, which is hard to reproduce. One of our 
respondents perceived that the solution was a breakthrough in a dialogue where they had been 
focusing more on settling the problem situation that they were going to solve. As opposite to focusing 
on the problem solving issues, the open and informal dialogue suddenly provided for the “Bang!” 
where they immediately understood what to do. This “moment” was said to come from an individual 
invited from outside the project.  

7. Concluding remarks 
So the purpose of the paper was to identify sources and understand the background of some awarded 
innovations. So where do innovations come from? Based on the interviews of several team members 
in awarded innovation projects, some aspects can be emphasized: the importance of the exploration 
and knowledge acquisition phase, importance of external triggers and innovation is not a linear 
process.  

 Importance of the exploration and knowledge acquisition phase: In fact the awarded solutions 
that were found and developed by the respondents came from varying sources and ways of 
working. There seems to be preponderance for acquiring knowledge either by asking someone 
who knows or developing the knowledge within the group. This however does not mean that 
retrieval of corporate knowledge existing at the outset of the project (e.g. simulation models, 
reports, etcetera) or university collaboration is contra productive.  

 Importance of external triggers: basically, inspiration from outside the project has been 
identified as vital as triggers for several of the innovation activities. The possibility to acquire 
knowledge from others outside the project relates to how new ideas are born. The importance 
to allow outside knowledge into the project to influence the solution is in this study obvious. 
However to be of use, such sources need to be aligned to the preferences of the workforce. It 
is likely that so called lightweight solutions to knowledge sharing, i.e. wikis and like, is a way 
of supporting these preferences.  

 Innovation is not linear: we can conclude that the innovation activities were complex and 
certainly not linear or sequentially performed. Backtracking of the innovative products show 
that the products were not based on just one innovation. Often part of the solution was found 
early in the process but certain requirements were very difficult to fulfil. The final solution 
consists of a complex mix of innovations and classical engineering (i.e. structured problem 
solving based on existing knowledge). The vague phases when knowledge was lacking, not 
available or could not be identified insisted on an iterative, stepwise, experimenting and 
reflective learning process.  

In this study we have not problematized the term innovation, though in future studies an analysis of 
the material based on the interpretation of the concept as “a thing” or as “a process” is interesting. 
Moreover, mapping an innovation process on the basis of the empirical data in this study seems doable 
and would provide deeper understanding. In the development of products, three processes seem 
interesting to compare and contrast, namely the product development process, the innovation process 
and the knowledge creation process. In several projects the respondents describe that the product 
development process was not that explicitly described, during the last year a new product development 
process has been introduced, so it shall be interesting to see if and how the new process will impact 
future innovations. 
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DEVELOPMENT OF ENGINEERING KNOWLEDGE 
MODELS TO ACHIEVE PRODUCT INNOVATION 
Anna Karlsson1,2 and Peter Törlind1 

1 Luleå University of Technology, 2 Sandvik Coromant 

ABSTRACT 
To pursue the understanding of governing principles, observations of phenomena and simulation of 
processes instead of relying purely on trial-and-error, is becoming more and more important in product 
development activities. This suggests that use of engineering knowledge models is an important part 
of future innovations. The purpose of this study is therefore to gain insight into the development and 
use of engineering knowledge models in the innovation process. Based on interviews with originators 
of such models within a manufacturing company, this descriptive study emphasizes the following 
aspects: the ambivalent aspect of reuse, multi-use of existing models and increased interactivity 
provided by engineering knowledge models.  

Keywords: Engineering knowledge models, product innovation 

1. INTRODUCTION 
In innovation activities an important aspect is the learning of new things, particularly when it comes to 
achieving more successful innovations faster. Furthermore, an important approach of learning is 
reviewing information captured by fellow team members [1]. Innovation activities are therefore 
dependent on utilization of existing knowledge in a company, especially in highly technological 
companies where deep knowledge within the areas of technology, process and material are such 
important information assets in product development activities. To acquire the appropriate knowledge 
to perform a certain task a project group within a company has four possibilities:  
1. Find who knows, ask individual or group within the company (implicit) 
2. Revise corporate knowledge e.g. databases, models, current offer etc. (explicit) 
3. Search externally (explicit) 
4. Develop gaps in knowledge internally e.g. observations, tests, simulations (implicit, explicit) 
Internal sources that imply collaboration with others seems to be preferred [2]. This holds true 
especially when the person or group stands before a complex or innovative problem where access to 
experts is preferred over static documents [3]. In the Community Innovation Survey 2008, table 1, 
information sources important for innovation were identified. 

Table 1: Highly important sources of information for innovation among innovative firms in 
different European countries, 2006-2008 (% of sources rated as “highly important” for the 

completion of new or existing innovation projects.) 
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Sources within the enterprise 32 22 32 34 44 26 26 35 29 40 32
Clients or customers 16 20 26 15 17 19 20 22 16 24 20
Suppliers of equipment 19 18 10 20 13 13 14 17 11 11 15
Competitors 6 11 10 8 6 9 11 7 10 7 9
Conferences, trade fairs, exhibitions 8 10 8 3 6 12 7 5 11 6 8
Scientific journals 4 7 5 7 5 8 4 4 8 2 5
Consultants 4 4 3 5 3 4 8 3 4 3 4
Professional and industry associations 5 4 3 3 3 7 3 3 4 1 4
Universities 3 3 3 3 2 1 5 3 3 3 3
Government or public research institutes 2 2 1 2 1 1 2 2 5 1 2
Source: Eurostat, statistics, search database, Sources of information for innovation  
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 The most important sources according to the survey, were sources within the enterprise, although, the 
accessibility to sources of information can also explain this preference. An internal source for both 
information and learning in a company is engineering knowledge models describing either empiric 
data or analytic relationships between quantities. This study intends to answer how such models are 
used in the innovation process and why they were developed in the first place. According to Arora and 
Gambardella most prior innovations and productivity improvements have resulted from empirical 
procedures based on trial-and-error. But there seems to be a change in this state-of-affairs. The 
tendency is towards attempting to understand governing principles, to observe phenomena and to 
simulate processes on computers instead of relying purely on trial-and-error to find out what may 
work [4]. This change suggests that development and use of engineering knowledge models is an 
important part of future innovations. The purpose of this study is therefore to gain insight into the 
development and use of engineering models in the innovation process.  

1.2 Delimitation 
This study is limited to the point of view of originators of selected models within a manufacturing 
company. The reason for this is that originators should have the best insight in both the past (reason 
for development) and the present i.e. current use of the models. All models are computer based and 
come from the product development department of a leading manufacturer of tools for the metal 
cutting industry. Therefore models developed for manufacturing, service or marketing purposes are 
not included in this study. 

2. THEORETICAL FRAMEWORK 

2.1 Types of knowledge and innovation 
The distinction between tacit and explicit knowledge is the key for understanding organizational 
knowledge. Explicit knowledge is formal and systematic and can consequently be communicated and 
shared. Tacit (implicit) knowledge on the other hand is hard to formalize and, therefore, difficult to 
communicate to others. Another aspect of tacit knowledge is that it is highly personal and deeply 
rooted in action [5]. One way to make knowledge explicit is to write it down and in doing so the 
knowledge is codified [6]. Where to draw the line between codifiable and non-codifiable knowledge 
is, according to Johnson et al, highly problematic since any body of knowledge might be codified to a 
certain extent [7]. But people don’t just passively receive new knowledge, codified or not, it is 
necessary for people to actively interpret the knowledge to fit their own situation and perspective [6]. 
This holds true also on a group level, i.e. between departments in a company. The departments 
constitute different “thought worlds” which each have an important insight into the product or market 
that is essential to achieve successful innovations. But these interpretive differences between 
departments also hinder collaboration [8].  
Innovations can be of different types:  
 Technological innovations can be a product, a process or a service and consists of the knowledge 

of components, methods, processes and techniques that go into a product or a service.  
 Market innovation is an improvement of the components of the marketing-mix, that is, product, 

price, promotion and place.  
 Administrative innovations are related to strategies, structure, systems, or people in the 

organization and therefore pertain to the organizational structure and the administrative processes 
[9]. 

The newness of a product innovation can be framed either at a) a macrolevel where the characteristics 
of product innovation are measured against newness to the world, the market or an industry or b) a 
microlevel where product innovativeness is identified as new to the firm or the customer. Measuring 
newness at a microlevel results in difficulties to compare results from different studies [10]. The focus 
of a firm’s innovation activity is often connected to the nature of the enterprise and in its market. 
Other innovation types are therefore focused on impacts of innovations as opposed to their novelty. 
Radical or disruptive innovation can be defined as an innovation that has a significant impact on 
market and on the economic activity of the firm in that market, whereas incremental innovation 
continuously advances the process of change and is more focused on production efficiency, product 
differentiation and marketing [11].  



ICED11  3 

2.2 A model, one way to codify knowledge  
Progress in design projects is measured by deliverables such as drawings, prototypes, results of 
analysis, and other representations of generated information. These deliverables can all be seen as 
models of the final product [12]. A model is consequently an artifact, which reproduces the properties 
of an object, used to answer queries during the design process.  Engineering design can therefore be 
seen as propagation from model to model [13]. The simplicity of models, compared to real life, 
derives from the fact that only relevant information is included i.e. models are idealized.   
 Iconic models are enlarged or reduced renderings of reality. Iconic models look like the reality it 

is intended to portray; it is the scale that differs i.e. maps, photos and CAD-models.  
 Analogy models use a property to provide information of another. Examples of analog models are 

a slide-rule or using a hydraulic system to symbolize an electric system. These type of models are 
easier to manipulate in order to indicate an effect but also more abstract and general than iconic 
models.  

 Symbolic models express the real condition, object or occurrences in a symbolic form. An 
example of a symbolic model is mathematical models where symbols stand for quantities. 
Symbolic models are the most abstract and general form of models, but at the same time they are 
easier to handle (e.g. conduct parametric studies) compared to iconic and analog models [14].  

2.3 Codified knowledge in Innovation  
According to Senker the codification of knowledge increases as a technology matures. There are three 
main routes to achieve this codification namely science push (theoretic underpinning of procedures, 
filling identified knowledge gaps or a result from blue-sky research), technology pull (exploration of 
phenomena and problems arising in industry) or the introduction of automation (machine tool 
instructions such as NC-code) [15]. There are two different ways of accessing explicit technological, 
codified knowledge; those being generating the knowledge internally or acquiring it in the markets. 
Licenses represent a means of acquiring explicit knowledge developed by other organizations. When it 
comes to explicit knowledge generated internally, a representative variable that is used to measure the 
effect of technological knowledge assets on innovation is intellectual property rights (patents, utility 
models) [16]. Codified and disclosed knowledge such as patent disclosures and computer-based 
information networks, are seen by firms as relatively unimportant as sources of innovation. But the 
preference for using codified sources of knowledge is also sector-specific and seems to be higher in 
high technology sectors and firms with existing absorptive capacity [17]. But not all innovations are 
patented by firms since different technologies are differently patentable and the tendencies and reasons 
to patent innovations differ between firms [18]. With this said little has been done to investigate how 
internal sources of codified knowledge affect innovation capability. 

3. RESEARCH METHOD   
In this descriptive study existing models were identified by the research coordinator of the company 
with help from managers and the authors of this study. Thereafter originators of all the identified 
models were contacted and asked to participate in a study concerning engineering knowledge models, 
a majority of the contacted originators accepted. Qualitative data for this study was then generated 
from five semi-structured interviews, length ranging from 50 minutes up to 1 hour and 30 minutes. All 
interviewees are employed at the same company, but in different departments within R&D with 
experience within the firm ranging from 4 years up to 20 years (average approximately 14 years). The 
company in question is a leading brand of tools and tool holding systems for metal cutting, established 
in 1942. All interviews were conducted face-to-face in Swedish by the same interviewer, tape recorded 
and thereafter fully transcribed and analyzed. A semi-structured approach to interviewing means that a 
standard list of open-ended questions exists but that the interviewee is allowed even encouraged, to 
talk expansively on the main subject and raising topics as he or she wishes. The interviewer can also 
follow up on leads provided by participants with questions like How? Why? and When?. Each 
interview started with a brief overview of the purpose of this study, the intended use for the data and 
questions concerning the background of the interviewee. Succeeding questions dealt with fundamental 
definitions for this study such as: What is knowledge for you? and What is innovation for you? 
followed by probing questions. Thereafter questions concerning the purpose and use of the model in 
question were posed with the first question being: Tell me about the model? The interview also 
included questions like: How did your latest innovation occur? and What would you need of a model 
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for it to be useful in the innovation process?. The semi-structured approach to data generation was 
used in order to understand and gain insight into the originators perspective on situations and events 
concerning the identified models. 

3.1 Method of analysis 
All models in this study can be categorized as computer based symbolic models according to Ackoff. 
It is also possible to categorize the models further, in regard to what they are based on; into either 
analytic models that package existing knowledge to make it more accessible and provide visualization 
or empiric models where new knowledge was developed experimentally and then presented in the 
form of a model. This categorization provides insight into the context of each model. 

4. EMPIRICAL FINDINGS  
This section begins with a description and categorization of identified models into analytic or empiric 
based groups. Thereafter extracts from the interviews are presented in order to lay out why and how 
the models were developed or used and their connection to innovation activities. It should be stated 
that “model” is an umbrella term used in this article to describe simplifications of reality that provides 
an overview of affecting parameters. The interviewees sometimes use other words to describe these 
simplifications, for example program or “twirl”.  See Figure 1 for examples of engineering knowledge 
models.  

4.1 Categorization of identified models 
Analytic models: Derived from theories and relationships between quantities 
A1: A spreadsheet based model describing for example how pitch and diameter of a screw affects the 
generated force on the screw head and how much torque that is transferred to the thread when the 
screw is tightened, see Figure 1. 
A2: A model constructed in Visual Basic, consisting of a drawing module and mathematics, describing 
cutting forces in segments of an indexable insert drill. The forces in each segment are combined to 
describe the forces acting on the entire drill.  
A3: A model predicting how the cutting forces will be depending on different geometries of a milling 
insert. This is done using orthogonal to oblique transformation. Compared to A2 the biggest difference 
is, besides the application area, that the model is integrated into existing CAD software. 
 
Empiric models: Based on measurement data 
E1: The method of least squares is used to approximate measured/empirical data in a spreadsheet 
application. Scroll bars and graphs are used to display the data and make the model interactive. 
E2: The purpose of this model is to systematize existing information on material properties of 
cemented carbide. The model contains information ranging from simple line fit graphs describing 
specific material properties to commercial software used to perform thermodynamic and phase 
diagram calculations.  
 

 
Figure 1: Examples of engineering knowledge models 
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4.2 Intention of identified models 
The initiative came from diverse directions, most commonly the model was initiated by the person that 
later became the originator. The purpose for the different models differed, but they were all intended 
to be used for development work.  One of the interviewees, a product developer, provided this answer 
to the question; why was the model developed:  
 
“Because I wanted to learn more! To be honest I was bored one afternoon, so I sat down and 
pondered on what I wanted to do. Then I marked it down and sent it to my boss.” 
 
Other reasons for making models were that development engineers struggled with analyses (A1) or 
with handling existing information such as experimental measurements (E2).  
 
“Analyses was not carried out…the development engineers did not have the knowledge to work with 
theory in the way that was necessary…When prototypes were tested screws sometimes broke and the 
inserts came off, this was due to bad guesses.” 
 
To make the analyses easier a model (A1) was constructed and according to the interviewee this model 
constituted an intermediate link between theory and prototypes. Often development engineers gave 
feedback and commented that they now understood, after using the model, why earlier prototypes had 
not worked. The last category of models visualized phenomenon i.e. how forces affect a conceptual 
product. In both cases (A2 & A3) similar models existed. The originator for the model A2 recounts:  
 
“And then we said, well that [existing model] is good but it really does not work. So we concluded, 
then we make a program like that.”   
 
He continues to explain why the existing model was not sufficient:  
 
“I think that it was too difficult to draw conclusions. Besides, it is not possible to play with that 
program, you had to know the result beforehand, complete it totally and then you would get the feed-
back.” 
 
The model (A2) that the interviewee later developed was intended to help in the generation of a new 
concept.  

4.3 Usage of the models  
When it comes to usage of models a commonality between all models is that they have been used for 
other purposes than the one for which they were originally intended. For example some of them are 
handed over to new employees to improve their understanding, which is one example of how models 
are used for communication purpose. Other examples of models used for communication is using 
models as advertisement within the company or to explain and promote an idea i.e. using model E2 to 
rationalize among cemented carbide substrates during a merger: 
 
“To remove existing substrates, identify unnecessary substrates in our production and propose 
replacements… In contexts like that it [the model] is an important tool both in the identification 
process but also pedagogically to build confidence to dare to implement [changes in production]” 
 
The originator of model A2 recollects a similar situation:  
 
“And everybody understood, the result is easy to understand… To spread innovative ideas and explain 
concepts to others, because then you can get input from others that you would not have otherwise, well 
it supports cross-functional teams.   
 
Other areas where models have been used are to provide input to FEM-software (Finite Element 
Method) or in programs for design automation. Parts of a model (A3) also provided another opening, 
namely the possibility to measure CAD-models, something the interviewee finds very useful.   
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“For example forces and measuring [two parts of the same model, visualizing forces and measuring of 
for examples angles in 3D CAD-models], measuring [in the CAD-model] is most likely much more 
important because it saves so much time in their [product developers] daily work. But that possibility 
arose by coincidence.” 
 
This quote clearly indicates that time savings can be very important and a reason to develop models, 
something several other interviewees agree with. One of the originators explains that time was a factor 
because it was very time consuming to complete a CAD model before the model was constructed. 
With the new model the time it took to complete a simple 3D-geometry was significantly reduces:   
 
“And it takes maybe just two, three minutes to draw an insert in this interface [part of the model], the 
one I created, and therefore it is possible to run up to 50-60 ideas each day.” 
 
He continues: 
 
“Many of the ideas would never have been tested if we would have done prototypes. Because then it 
would have been too much hard work, the idea was so wild and farfetched that no one would have 
tested it.” 
 
One of the ideas the interviewee refers to is integrated in a product, now on the market, that have 
received awards for being innovative.  
 
“[this product] would not look as it does today if we did not have this program, of that I am totally 
convinced. It would be, completely impossible otherwise.” 
 
Common in some of the excerpts above is that saving time is of importance. When it comes to 
innovation it seems even more important what gets done with this obtained time. In use of these 
models the problem statement also seems to be very important. It is when someone stands before a 
problem that needs to be solved the person in question is receptive enough to really benefit from a 
model. Expressed in the words of the originator of model E1:  
 
“We humans are naturally lazy so we don’t dig in places where we don’t need to. We dig for a reason, 
to find something, and more often than not we dig because we hope that it will make it easier in the 
future.” 
 
This reasoning might seem obvious but is important to consider when thinking about constructing a 
model, especially if it is someone else that will use the final result. It also indicates that it can be hard 
to reuse models because the focus i.e. the problem statement changes over time.  
 

4.4 Connection to innovation 
The interviewee’s reason quite differently when it comes to the use of models in the innovation 
process.  
 
“Often models are built on existing knowledge. And it is not the great innovations when you take 
something and combine it with something else, well I don´t know, but you don´t get the things that are 
outside the box… The models we have here, the ones I have seen anyway, are more towards 
optimization than innovation” 
 
Another interviewee reasons around the fact that it is not always the same persons that develop models 
and finally creates the innovative solution: 
 
“Innovations do not just occur because you have the knowledge, it has to be clear that knowledge is 
created and innovations can be made by totally different people [different from the people that created 
the model]. So maybe that should be clarified, that an important part of knowledge creation is to build 
the knowledge so that the innovative forces can access it.” 
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Another interviewee sees benefits with creating knowledge that someone else will use. On the 
question if it should be the same persons that create the knowledge and take it the last bit into a model 
the interviewee answers: 
 
“Well, it definitely does not have to be, it could even be an advantage if it is different persons. Because 
then someone has to understand [the model]… it is a natural threshold you have to pass.” 
 
The quote illustrates the importance of involving users in the development of a model. This contrasts 
to another point of view, namely that it is the creator of the model that benefits the most. On the 
question what the most important thing the model has resulted in, one of the interviewees answers:  
 
“That I understand better, the one who has created it [the model] understands better. Secondly that 
some of the others have gained some insight, but they have not remained with the company long 
enough to fully absorb it all.” 
 
Increased understanding of a specific relationship is often the main reason for creating or using a 
model. According to the originator of model E2 existing models can also be used to identify lacks in 
existing knowledge, especially when the model is compared to measurement data.  
 
“I use it myself sometimes when I receive experimental results that I react upon, is it really like this? 
Then you use the model and see that this is right, it was not that strange .Or, sometimes the result does 
not make sense, and you start to wonder what the reason is?” 
 
The same interviewee also stated that: 
 
“If you don´t have a model to base old knowledge on, then you don´t know what is new!” 
 
Clarity and simplicity is important when a model should be used for innovation purposes, both when it 
comes to what is known and what is unknown but also to make it possible to see opportunities. 
Another important aspect of a model is that it is visual and fast, as one of the interviewees’ answers on 
the question, what is needed from a model to make it useful in the innovation process? 
 
“That it is visual and fast… I think that it can contain a good deal of inaccuracies and still be useful. 
To get the direction is often sufficient” 
 
He continues to explain. 
 
“It is from the visual you should get the connections, consequently if I do this, that will happen. You 
start to see patterns, start to understand patterns.” 

5. DISCUSSION OF EMPIRICAL FINDINGS 
The engineering knowledge models identified in this study are all symbolic, limited in size and 
specialized towards specific knowledge areas. The main reason for the symbolic nature of the models 
is probably that they become easily transferable and manipulated e.g. handled. But at the same time 
the models can become quite abstract which in turn becomes a barrier for a user to surpass. The 
possibility to also use other types of models e.g. iconic or analogy models can be of benefit for a user 
other than the originator. Furthermore, the models described in this paper are just one special case of 
how an individual or group within a company can acquire already existing corporate knowledge; see 
Figure 2 a). Other ways to find this knowledge are, as already mentioned, to find out who knows or to 
search externally. The models identified in this study should not just be seen as codified knowledge 
since they comprise both an explicit and a tacit dimension. Usage of the models, for communication 
and learning purposes, indicate that the models support communication of tacit, experience based, 
knowledge e.g. the expanded use field in Figure 2 b). Although the preference for personal contact 
with an expert still stands strong when it comes to acquiring knowledge, there might be a good chance 
that mentioned expert will use a model to explain certain phenomena. There is also a possibility to use 
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engineering knowledge models in an external context (i.e. accessible by customers). This is not 
suitable or even possible for all models. 

 
Figure 2: Placement and use of engineering knowledge models related to type of knowledge 

and company context 

 
The models appear to be more focused on learning i.e. providing insight and communication rather 
than managing and storing of knowledge (as in PDM and PLM). Since the majority of the models 
were initiated by the originators themselves curiosity is also an important factor to consider. An 
organization needs to allow employees to take initiatives that will satisfy this curiosity. The models 
can be seen as delimited KBE tools to be used in early stages of product development. Some of the 
more mature models were also developed into a tool. The difference between the model and the tool 
(in this paper) is that the tool contained a more refined user interface, defines the boundaries in which 
the model is valid. The tool could also be used without the intervention of the creator. One advantage 
of the models in this study over a static document is the interactivity they provide. When models are 
created in connection with specific product development projects, they also provide understanding of 
why a product is designed the way it is; meaning that a model can be a good way to capture the design 
rationale of a product. This capturing of design rationale can also explain why the identified models 
are handed over to new employees. The research is limited to the originators of knowledge models in 
just one company. In order to generalize or give recommendations based on the result it is therefore 
necessary to expand the research to also include for example users of models, models of 
manufacturing, service and marketing activities as well as models from other companies. The narrow 
scope for this study has the advantage that the phenomenon of interest can be examined in a rather 
uncomplicated way, thereby providing better insight into the phenomenon [19]. With this in mind, the 
research shows that engineering knowledge models are developed mainly for three reasons; to aid idea 
generation activities, support learning within the company and to facilitate development work. If a 
model is or should be reused as well as how much error that is acceptable appears to be dependent on 
the original intention of the model: 
 
 In idea generation it can be enough for a model to indicate the direction for designs, therefore a 

higher margin of error seems to be allowed. In models purposed for learning (based on internal 
data) and for facilitation of work, the allowed margin of error is narrower, which can depend on 
the usage later in the development process i.e. when they are used for optimisation purposes. 

 If models are reused or don’t seem to correspond with the original intention for the model. When 
it comes to models purposed for idea generation the reuse for that specific purpose is lower 
compared to models purposed for supporting learning and for facilitating work. Yet, models 
intended for idea generation are reused but for other purposes than originally intended, for 
example to provide insight to new employees.  

a) b) 



ICED11  9 

 Reuse of a model poses demands on a clear scope for every model; therefore limitations have to 
be clearly specified in order for the models to be used in adjacent areas. Otherwise there is a risk 
that knowledge contained in the model will be interpreted differently.  

 
Degree of codification is said to increase when knowledge matures [15]. The use of engineering 
knowledge models to present data from internal projects, with the purpose to support learning, and 
also in idea generation indicate that this might not always be the case. The high degree of reuse among 
models intended for facilitating development work indicates that models containing mature knowledge 
are more accepted and therefore used more in the organization. Generally, this study shows that 
engineering knowledge models need to provide visualization as well as simplicity and clarity of the 
knowledge it contains in order to be useful in the innovation process. The type of knowledge, problem 
statement, and parameters that the model is based on will affect the ways simplicity and visualization 
can be realized. 

6. CONCLUDING REMARKS 
This study shows different viewpoints exist when it comes to the use of knowledge models to achieve 
innovations. Some perceive the development and use of knowledge models to be a basis for 
innovations since innovations are seen as combined bodies of knowledge. In order to create new 
innovations it is therefore necessary to raise the bodies of knowledge. Others see innovations as 
greater leaps, not possible to achieve by combining known knowledge. Obviously there are other ways 
to capture and handle knowledge; therefore knowledge models should not be seen as a universal cure 
to all problems within an organization. However, these knowledge models can be used to identify gaps 
in current knowledge and clarify what actions needs to be taken to fill in lacking knowledge and 
thereby enhance innovation. Based on the interviews with originators of engineering knowledge 
models, the following aspects can be emphasized:  
 
 The ambivalent aspect of reuse, or in other words the engineer does not always see the reuse of a 

model as the best way to handle knowledge and learning. Sometimes, depending on the purpose, 
it appears to be better to develop a new model than to reuse an existing. This is because problem 
statements change over time and a lot of new knowledge is developed when developing a model, 
new knowledge that can contribute to innovations. With this said reuse of existing models should 
not be neglected. 

 Multi-use of already developed models for other purposes than the originally intended is a 
common factor for all models, often for communication purposes like spreading of knowledge. 
To use models in this way opens up the possibility to extend the use of models to capture design 
rationale. This can be done throughout a project to communicate between different “thought 
worlds” [9] i.e. departments in a company (R&D, manufacturing, sales etc.) as well as in the 
documentation after the completion of a project.  

 The increased interactivity provided by the possibility to manipulate a model (through, 
geometries, parameters and coefficients) compared to a static document is seen to contribute to a 
deeper insight in the corresponding cause and effect relations. This deeper insight enhances both 
idea generation as well as optimization. 

 
To simplify the reality into a model is a natural engineering activity where affecting parameters are 
abundant. Whether the resulting model is codified or not i.e. exists only in the minds of people or as an 
artifact, physical or not is not problematized in this study. Instead the development and use of explicit 
knowledge models are studied with the assumption that they complement the tacit knowledge existing 
in the minds of individuals. It is interesting to get further understanding related to when an explicit 
model is preferred over a tacit and how this affects the innovation process.  
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1. Introduction 
For organizations that strive to generate new products and processes, creating and sharing new 
knowledge are central activities. These activities are, however, not new phenomena, and for centuries, 
master craftsmen have passed on their knowledge to apprentices and workers have exchanged ideas 
and know-how on the job. Yet lately, the foundation of economies has shifted from natural recourses 
more towards intellectual assets, leveraging the importance of knowledge management [Hansen, 
1999]. Still, knowledge is fundamentally different from other resources because it is not “owned” by 
the company but rather by the employee, leading to new challenges for today’s organizations. 
 
Two main strategies can be discerned regarding knowledge management (KM): codification 
(knowledge is codified and stored in databases for easy retrieval and reuse) and personalization 
(computers are mainly used to help people communicate knowledge) [Hansen, 1999]. Consequently, a 
personalization strategy can be implemented without the support of computers. A distinction has also 
been made between different categories of knowledge, in that explicit or codified knowledge refers to 
knowledge that is transmittable in format whereas tacit knowledge has a personal quality that makes it 
hard to formalize and communicate [Nonaka, 1994]. Because tacit knowledge cannot be 
communicated, understood or used without the person possessing the knowledge, this type of 
knowledge does not lend itself to be captured via the use of IT networks [Swan, 1999]. Therefore, the 
KM strategy chosen by a company has implications on the type of knowledge shared. McMahon et. al. 
[2004] examined codification and personalization in an engineering design context and stated that the 
important tasks in engineering design KM involve both personalization and codification. This means 
that personalization and codification should not be seen as excluding but rather as complementary 
[McMahon, 2004], in the same way as tacit and explicit knowledge are complementary and can grow 
over time in a process of mutual interaction [Nonaka, 1994]. Therefore, the success and impact of 
knowledge sharing should at least, to some extent, depend on the fit between exchange mechanism 
and type of knowledge. However, KM theory has perhaps focused too much on knowledge 
characteristics and exchange mechanisms, neglecting other factors that affect the creation and sharing 
of knowledge in an organisational context, e.g. hoarding of information [Magnusson, 2004]. Hoarding 
happens when people take ownership of information due to a fear of not receiving just recognition or 
lack trust in people because they may misuse knowledge [Riege, 2005]. Therefore, the purpose of this 
study is to investigate the role of organisational factors, such as time, debate and potential conflict, 
which may lead to a hoarding of information and thereby harm the innovative ability.  
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2. Theoretical Framing  
The objective of KM strategies can be either to enhance exploitation, i.e. reduce problems with 
“reinventing the wheel”, or exploration, i.e. knowledge is shared and synthesised and new knowledge 
is created. Although efficiency in the reuse of existing knowledge is important (exploitation), it is 
largely the exploration through knowledge sharing that allows the development of genuinely new 
approaches in innovation [Swan et. al., 1999]. It is also argued that tacit knowledge rather than 
explicit knowledge is more valuable to innovation processes [Gant, 1996]. Therefore, when sharing 
knowledge to achieve product innovation, a personalization strategy best supports this goal. This is 
because employees seeking innovation need to share knowledge that would not allow itself to get 
captured in document form [Hansen, 1999]. Riege [2005] identified several barriers to knowledge 
sharing that relate to either individuals or groups within or between business functions. Some 
examples of barriers include communication skills, hoarding, lack of time and trust. Therefore, with 
knowledge sharing from a more holistic view, the challenge goes beyond the design, implementation 
and use of different IT tools. Instead, other factors regarding the social context, such as the levels of 
debate and conflict, hoarding and time for knowledge sharing should be considered.  

2.1 Debate, Conflict and hoarding of information  
Good communication is central in most design activities and affects creative performance. However, 
communication sometimes involves disagreements between colleagues. According to Isaksen and 
Ekvall [2010], who studied the influence on innovation of two distinct kinds of tension within the 
creative climate, namely debate and conflict, the management challenge for innovation is to find the 
right level of debate without incurring the negative cost of conflict. They describe debate as the 
exchange of different or opposing points of view. Conflict is also defined as disagreements, but 
carries a more negative and personal meaning. Debate and conflict coexist when people interact 
[Isaksen & Ekvall, 2010], making it difficult to tell what would be the right level of debate. It also 
matters what the reason for conflict is. Jehn [1995] studied relationship conflict and task conflict. She 
showed that relationship conflict was detrimental to performance, regardless of the type of task 
performed by a group [Jehn, 1995]. The effect of task conflict on performance, however, differed 
depending on the level of routine in the task. Groups with routine tasks were negatively affected by 
task conflict because of the interference to their routines and standardized processes, causing 
employees to be distracted from their main work. Still, for groups performing non-routine tasks, 
conflicts in some cases could even be beneficial. Open discussions and conflict about task content 
promoted a critical evaluation of problems and decision options, considered important for non-routine 
tasks [Jehn, 1995]. Van Engelen et. al.. [2001] found a third group of factors in their study of conflict 
(team polarity) on team performance, besides those that either worsen or improve team performance. 
This third group of factors showed a typical inverse U-shape, indicating a more sensitive control of 
team conflict or even a further decomposition of the factors involved [Van Engelen, 2001]. The fine 
line between expressed diversity in opinion and conflict is therefore a paradoxical situation for 
managers when it comes to supporting innovation. The phenomenon of hoarding, when presumptive 
knowledge providers keep information to themselves instead of sharing it with others, is another 
challenge in knowledge sharing [Magnusson, 2004]. The phenomenon of hoarding may be a remnant 
of the old school of thinking (when profitability was reflected by an organisation’s output), and 
knowledge hoarding rather than sharing was believed to benefit career advancements. This is because 
knowledge sharing was often considered to weaken an employee’s corporate position, power or status 
within the company [Riege, 2005]. 

2.2 Trust and Time for knowledge sharing 
The phenomenon of hoarding highlights the key factors of trust and openness within the organization 
when it comes to sharing knowledge. According to Riege [2005], most people are unlikely to share 
their knowledge if they do not trust that the knowledge will be used correctly or that knowledge is 
accurate and credible due to the information source [Riege, 2005]. Trust is also an important 
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dimension in the creative climate and leads to open and straightforward communication, whereas a 
lack of trust leads to suspicion between individuals and a fear of being exploited and robbed of their 
good ideas [Ekvall, 1996]. The level of trust also seems to have a direct influence on the flow of 
communication and thus the amount of knowledge sharing within and between business functions and 
subsidiaries [Riege, 2005]. Lack of time is another issue regarding knowledge sharing [Magnusson, 
2004]. Insufficient time to perform work tasks will probably affect how much time is spent on 
knowledge sharing activities. According to Riege [2005], time can actually be one of the reasons why 
employees may potentially hoard information, since it takes time to share knowledge with others 
(transferring it from one person to another or from a tacit into an explicit format). Therefore, people 
focus instead on tasks that are more beneficial to them [Riege, 2005]. 

3. Research Questions and Aim of Paper 
Organisational factors for knowledge sharing and innovation are highly relevant to consider from a 
design perspective, due to the high knowledge intensity and tacit nature of knowledge that 
characterises product design [Cantamessa, 1999]. This paper aims to explore how organisational 
factors such as time, debate and conflict (potentially leading to a hoarding of information) relate to 
knowledge creation, knowledge sharing and ultimately innovation. The research questions that guide 
our explorative study are:  
RQ1: How are conflicts stemming from power and territorial struggles related to knowledge sharing? 
RQ2: What effect does trust have on the relationship between conflict and knowledge sharing? 
RQ3: How is lack of time related to knowledge sharing? 
RQ4: How is knowledge sharing related to the perception of innovativeness among employees? 

4. The Case Companies 
Both case companies are Swedish-based multinational corporations that were founded over 100 years 
ago. Although they invest heavily in R&D and are both product oriented, they also provide services 
for their customers: 
Company A: is a large automotive manufacturer, active in approximately 100 countries and with 
more than 30,000 employees. The company is an interesting case to study due to its work in 
implementing lean inspired philosophies in R&D, where the roles of formal and informal leaders as 
teachers are central. The company develops a highly integrated product, putting stress on the 
interdisciplinary communication and integration. 
Company B: belongs to one business unit of three in a large engineering group, with more than 
40,000 employees, and is represented in approximately 130 countries. At the beginning of 2006, a 
large initiative was taken within the company to identify a new way of working to establish a faster 
flow for product development projects. The initiative focused on speed and innovation, value for the 
customer, and to create engagement and motivation among the employees.  

5. Method 
This research is built on quantitative data with an emphasis on how the employees themselves 
experience their work environment. While other areas e.g. work psychology often uses quantitative 
data, the field of engineering design research relies more heavily on qualitative data. This study may 
serve as a compliment, using quantitative tools, applied to the area of engineering design research. 

5.1 Data collection 
The study was conducted at both companies during the autumn of 2011. Hence, external factors such 
as recession should not affect the outcome. A self-administrated questionnaire was emailed to the 
respondents. The questionnaire remained open for a maximum of 21 days in company A and 15 days 
in company B. In total, 852 individuals received the questionnaire (667 in Company A and 185 in 
Company B), of which 75% chose to respond (the response rate was 78% in company A and 66% in 
Company B). Representatives from both companies reviewed the statements to ensure that the 
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formulation was acceptable and would be understood by the respondents. The respondents were asked 
how well the statements corresponded with the way they experience their work climate. The 
questionnaire consisted of 11-12 statements regarding background variables, 50 statements to assess 
the creative climate (Ekvall, 1996) and additional 25-52 statements covering learning, work routines 
and innovation. For this particular study, the following statements concerning debate, conflict, trust, 
time, knowledge and innovation were selected for analysis (Table 1).  

Table 1: Overview of variables, the statements formulations and scales 
Variable Statement formulation Scale 
Debate Diversity in opinions is expressed here.* 1-4 Likert 
Conflict People struggle over power and territory* 1-4 Likert 

Trust Conflicts and opposing opinions are dealt with openly and 
usually solved* 

1-4 Likert 

Lack of Time It is very difficult to complete my work tasks in time 1-7 Likert 
Knowledge Creation In our unit it is allowed to spend time on learning new 

things 
1-7 Likert 

Documentation of 
Knowledge 

I document what I learn 1-7 Likert 

Knowledge Sharing I share what I learn with my colleagues. 
 

1-7 Likert 

Innovation  
(group level) 

We are successful in implementing new ideas to obtain 
results in my work unit** 

1-7 Likert 

Innovation 
(organizational level) 

In general my, organization has been successful at 
innovation** 

1-7 Likert 

* These statements have been reformulated due to copyright reasons. The statements are part of the CCQ 
[Ekvall, 1996]. **These statements have previously been used by Isaksen and Ekvall [2010]  
 
The respondents at Company A included engineers working with development, pre-development, 
testing and field quality induced re-design of products. Respondents from Company B included 
employees from product development or product management, application development, design 
automation or research. Additional respondent groups were managers, project and process managers, 
mechanics and business planning.    

5.2 Variables and Research Model 
A research model was constructed to illustrate the suggested relationships between the selected 
variables (Figure 1). “Knowledge Sharing” was chosen as the output variable to measure a 
prerequisite for innovation. The dependence between “knowledge sharing” and innovation was 
verified through a correlation analysis between the two variables. Two questions were used to assess 
the level of innovation (Table 1) previously used by Isaksen and Ekvall [2010]. 

 
Figure 1: Model of relationship between variables (dotted line: negative relationship, 
continuous line: positive relationship) 
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Furthermore, a number of control variables were included in the analysis, including “Company”, 
“Years of service, “Degree of autonomy”, “Type of employment” (consultant or hired engineer) and 
type of “Position” (design engineer and manager/project manager). Because the analysis was 
performed on the entire data set, it was important to check for differences between the companies. 
The difference in product architecture (number of groups working simultaneously with the same 
product) was a reason to screen for differences in the degree of autonomy between the different 
companies. The “Degree of autonomy” was assessed with a statement assessing to how large extent 
people experience that employees make decisions independently. The variables “Years in company” 
and “Position” were included as control variables, since insight in and knowledge about company 
processes and organization could possibly affect knowledge sharing behaviour. The distinction 
between employment types is only relevant for company A because company B generally does not 
hire consultants. However, Company A hires a significant number of consultants, especially for 
design engineering tasks, which makes this variable relevant to control for.  

5.3 Analysis Method 
All variables were assessed on either individual or group levels, with the exception of the second 
statement in the innovation variable, which estimated the perceived level of innovation among the 
employees on an organizational level. The statement formulations for assessing the variables 
“Debate”, “Conflict”, and “Trust” were all chosen to reduce the impact of personal tensions, and thus 
refine the measurement towards tensions that is dependent on the organisation or the product, and not 
the person, i.e. tensions connected to the actual context.  The statistical investigation tool SPSS (IBM) 
was used to analyse the questionnaire data. A correlation of all analysed variables (including 
background variables) and between the variables relating to knowledge and innovation were 
performed to examine their interdependence. A linear regression analysis was then performed in 
seven steps, in the order described by the flow in Figure 1, with “Knowledge sharing” as the 
dependent variable.  Model 1 includes the control variables alone. In model 2-7 the independent 
variables were added one by one in the following order: “Conflict” (power struggles), “Debate” 
(diversity in opinions), “Trust” (conflicts are handled) “Lack of time”, “Knowledge creation”, and 
finally “Documentation of knowledge”. In addition, two more OLS regressions were performed, 
although the full result is not included in this paper. Those regressions were modelled the same way 
as the models 1-5 in the OLS regression described in Table 5, although the dependent variables were 
“knowledge creation” and “documentation of knowledge”, respectively. 

6. Results 
Table 2 shows the descriptive statistics for the control variables. A total of 623 valid responses were 
included, whereof 19% of the respondents were from Company B and the average number of years of 
employment is 9.5 years for the entire population. Approximately 18% of the respondents were 
consultants, all of which are employed in company A. Of all respondents, 17.6% were managers or 
project managers with the largest part of the workforce, design engineers, accounting for 48.6%.  

Table 2: Descriptive statistics of control variables 

 N Minimum Maximum Mean 
Std. 

Deviation 
If Company B 642 0.00 1.00 0.1916 - 

Years in company 631 0.00 50.00 9.5293 9.75650 
If Consultant 636 0.00 1.00 0.1792 0.38386 

If manager or project manager 642 0.00 1.00 0.1760 0.38113 
If design engineer 636 0.00 1.00 0.4858 0.50019 
Valid N (list wise) 623         
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Table 3 shows the descriptive statistics for the independent and dependent variables – a total of 602 
valid responses (list wise). For the entire dataset, this number reaches 585 respondents. The 
independent variables use a mix of four-point and seven-point Likert scales. 

Table 3: Descriptive statistics of independent and dependent variables 

 N Minimum Maximum Mean 
Std. 

Deviation 
Debate 622 1.00 4.00 2.8907 0.72517 
Conflict 620 1.00 4.00 1.4629 0.70096 

Trust 616 1.00 4.00 2.7744 0.74095 
Lack of time 616 1.00 7.00 4.2841 1.65440 

Knowledge creation 619 1.00 7.00 4.6801 1.51512 
Documentation of knowledge 618 1.00 7.00 4.0405 1.49770 

Knowledge sharing 616 1.00 7.00 5.0974 1.30550 
Valid N (list wise) 602         

 
A correlation analysis for all control variables, independent variables, and the dependent variable was 
carried out. This analysis also included the statement regarding to what extent people make decisions 
independently. This variable was, however, not included in the regression analysis since there was no 
significant correlation between “Company” and the “Degree of autonomy”. The only difference that 
could be seen between the case companies in the correlation matrix was (besides consultants only 
hired by company A) that employees in company B had been employed for a longer period (Average 
8.89 years in company A compared to 12.22 years in company B).  
 
This study is built upon the notion that learning new knowledge and knowledge sharing have a 
positive influence on a company’s innovative ability. Three variables related to knowledge (creation, 
documentation and sharing) and two measures of innovation (group and organizational level) are 
assessed in Table 4. A significant positive relationship is seen between all of the knowledge-related 
variables and both innovation-related variables, supporting the notion stated above.  

Table 4: Correlation matrix of knowledge related variables and innovation related variables. 
**. Correlation is significant at the 0.01 level (2-tailed).  

 1 2 3 4 5 
1. Knowledge creation 1 0.335** 0.358** 0.393** 0.345** 
2. Documentation of 

knowledge 
0.335** 1 0.501** 0.303** 0.250** 

3. Knowledge sharing 0.358** 0.501** 1 0.341** 0.220** 
4. Innovation on group level 0.393** 0.303** 0.341** 1 0.509** 

5. Innovation on 
organisational level 

0.345** 0.250** 0.220** 0.509** 1 

 
Table 5 shows the results from the OLS regression analysis (standardized coefficients) with the 
dependent variable “Knowledge sharing”. From model 1 to model 7, the increase in explanation of the 
dependent variable is 31%, with the majority in model 6 and model 7. In model 1, none of the control 
variables have a significant impact on the dependent variable. In model 2 the independent variable 
“Conflict”, here named power struggles, is added whereby the model answers for 1,2 % of the 
variation (adjusted R squared) in the dependent variable “Knowledge sharing”. In model 3 “Debate” 
is included and in model 4 “Trust” is added. These models answer for 4.7 % and 6.4 % of the 
variation in the dependent variable respectively. “Lack of time” is added in model 5 which brings the 
adjusted R squared to 7.2 %. Finally “Knowledge creation” (model 6) and “Documentation of 
knowledge” (model 7) are added, answering for 15.3 % and 31.0 % of the variation in the dependent 
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variable respectively. Even though model 1 does not explain any of the variance in the dependent 
variable there are some results worth mentioned with respect to control variables. Working as a 
“Design engineer” is significant in models four and five, and the number of years worked in the 
company is significant in models six and seven, indicates that these two variables are in turn related to 
variables with both a positive and a negative impact on the dependent variable “Knowledge sharing”. 
The three knowledge-related variables are, as expected, highly connected. Still, there are indications 
of support to the left part of the model (Figure 1) in models 3, 4 and 5, further supported by additional 
OLS regression analysis with “Knowledge creation” and “Documentation of knowledge” as the 
dependent variables; however these results are not included in this paper. 

Table 5: OLS regression analysis (standardized coefficients). Dependent variable is “Knowledge 
sharing”. *p<0,05, **p<0,01, ***p<0,001 

 Model 
Variable 1 2 3 4 5 6 7 
Intercept        

If Company B 0.015 0.016 0.022 0.011 0.009 0.024 -0.001 
Years in company 0.056 0.056 0.047 0.046 0.049 0.107** 0.130*** 

If consultant 0.049 0.053 0.049 0.051 0.040 0.067 0.050 
If manager or project manager -0.031 -0.038 -0.053 -0.067 -0.053 -0.051 -0.032 

If design engineer -0.074 -0.088 -0.087 -0.101* -0.096* -0.066 -0.016 
Power struggles (Conflict)  -0.114** -0.084* -0.048 -0.04 -0.023 -0.016 

Diversity in opinions (Debate)   0.194*** 0.15*** 0.157*** 0.069 0.028 
Conflicts are handled (Trust)    0.152*** 0.148*** 0.107* 0.071 

Lack of time     -0.095* -0.024 0.012 
Knowledge Creation      0.320*** 0.209*** 

Documentation of knowledge       0.428*** 
No of observations 585 585 585 585 585 585 585

F 1.047 2.149 5.098 6.037 6.010 11.581 24.900 
R-Squared 0.009 0.022 0.058 0.077 0.086 0.168 0.323 

Adj. R-Squared 0.000 0.012 0.047 0.064 0.072 0.153 0.310 
Adj. R-Squared change 0.009 0.013 0.036 0.019 0.009 0.082 0.155 

 
The collected results have been summarized in an update of the model described in Figure 1. Figure 2 
shows the connections which are significantly supported in either the correlation analysis (the 
connections between “Conflict”, “Debate” and “Trust”) or one of the three OLS regression analyses 
(remaining connections).  
 

 
Figure 2: Model of relationship between variables showing all significant connections (dotted 
line: negative relationship, continuous line: positive relationship) 
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7. Analysis 
As expected, “Knowledge Sharing” seems to depend heavily on to what extent one experience that 
there is time available to learn new things (Knowledge creation) and “Documentation of knowledge”. 
It is therefore interesting to study which preceding variables influence these two independent 
variables. As mentioned, the analysis of data also included two OLS regression analyses where the 
two variables “Documentation of knowledge” and “Knowledge creation” acted as dependent 
variables. These OLS regression analysis both supported and rejected parts of the original model 
described in Figure 1. In this chapter we will revisit the research questions and discuss what 
implications the analyses have as for supporting or rejecting the original model.  

7.1 Revisiting the research questions 
RQ1: How are conflicts stemming from power and territorial struggles related to knowledge sharing? 
The “Conflict” variable in this study was chosen as a measure of conflict related to product rather 
than personal tensions, and thus addresses power and territorial struggles. If such struggles exist in an 
organisation, together with a decrease in knowledge sharing, it could lead to a hoarding of information 
instead of sharing. Our study shows that power and territorial struggles correlated negatively with 
“Knowledge sharing”. In the OLS regression analysis (Table 5) “Conflict” is significant in model 2 
and 3 but not in model 4-7, which indicate a mediating role of the variables “Debate” and “Trust”. 
Conflicts in opinions (“Debate”) correlate significantly positive with “Knowledge sharing”. The 
additional OLS regression analysis (not included in this paper) indicates that “Debate” affects 
“Knowledge creation” and “Documentation of knowledge”, which in turn has a positive effect on 
“Knowledge sharing”.  
 
RQ2: What effect does trust have on the relationship between conflict and knowledge sharing? 
“Trust” correlates significantly positive with “Knowledge sharing”, and its related variables 
“Knowledge creation” and “Documentation of knowledge”.  The OLS regression analysis (Table 5) 
indicates, as stated above, that “Debate” has a mediating role between “Conflict” and “Knowledge 
sharing”. In the OLS regression analysis investigating the relationship between the “Conflict”, 
“Debate” and “Trust” on the variables “Knowledge creation” and “Documentation of knowledge” 
(full table not included), “Trust” also has a significant effect on both “Knowledge creation” and 
“Documentation of knowledge”. 
 
RQ3: How is lack of time related to knowledge sharing? 
“Lack of time” does not directly affect the degree of “Knowledge sharing”, though in the OLS 
regression models where “Knowledge creation” and “Documentation of knowledge” are dependent 
variables, “Lack of time” was negatively related to both variables. This indicates that if you are 
struggling to complete your work tasks in time, finding time to learn new things and documenting 
what you have learned are also difficult. These aspects, in turn, affect how much you share your 
knowledge with others. 
 
RQ4: How is knowledge sharing related to the perception of innovativeness among employees? 
This study supports the ideas that knowledge creation and sharing are fundamental parts of innovation 
(Table 4). The correlation analysis between knowledge-related variables and innovation-related 
variables shows that all knowledge variables correlate with the two innovation variables (one on a 
group level, one on an organisational level). In particular, “Knowledge sharing” affects the perception 
of innovation on a group level, manifested in the ability to implement new ideas in the work unit.  

8. Discussion, Implications, and Limitations 
Isaksen and Ekvall [2011], in their study on the affect of tensions, i.e. the dimensions of debate and 
conflict, on innovation suggest that future investigations should include other climate variables such 
as trust. This is emphasised because trust might have a moderating or mediating effect between 
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debate, conflict and a variety of outcome measures related to innovation and creativity. In the OLS 
regression analysis, model 4, it is seen that when trust (openness when handling conflicts) is added to 
the model, conflicts stemming from power and territorial struggles no longer affect knowledge sharing 
significantly. Hence, the results of this study indicate that trust in fact has a mediating effect between 
the conflict variable and knowledge sharing. Trust also contributes positively towards knowledge 
creation, i.e. to what degree is spending time on learning new things permitted. This could be 
explained by the fact that addressing conflicts openly provides a learning opportunity for the whole 
team.  
 
According to Magnusson [2004] and Riege [2005] lack of time is a potential barrier for sharing 
knowledge. More specifically, time can actually be one reason for why employees may hoard 
information [Riege, 2005]. However, the results from this study show that lack of time is not 
significant for knowledge sharing per se. Still, lack of time do affect both knowledge creation and 
documentation of knowledge (both important predecessors for knowledge sharing) negatively. For a 
manager aiming to increase knowledge sharing, this implies that he or she should support employees 
in creating new knowledge and in documentation of this. In product design, with its tacit nature of 
knowledge [Cantamessa, 1999] both a personalization and codification strategy should be svaluable. 
 
Of note, employment as a design engineer is significantly and negatively related to knowledge sharing 
in models 4 and 5 in the OLS, i.e. when the variables “Trust” and “Lack of time” are included in the 
analysis. When examining the additional OLS with documentation of learning as a dependent 
variable, engineers document less than other positions in the organisations. Since documentation of 
lessons learned strongly correlate with knowledge sharing, this may explain the observed behaviour in 
the OLS regression. This, however, does not necessarily imply that design engineers document too 
little. Rather, it is possible that other types of positions included in this study greatly document their 
knowledge, e.g. project managers. Also, design knowledge is in fact characterised by a high level of 
tacit knowledge [Cantamessa, 1999] that is difficult to document. Employees who have worked with 
the company for a long time also seem to document what they have learned to a lesser extent. 
However, they also perceive that spending time on learning new things is allowed less, which is the 
most likely reason for their lower degree of documentation. In contrast, experienced employees share 
their knowledge to a greater extent than less experienced employees (model 6 in Table 5). If 
experienced employees do not feel that they are allowed to learn new things, this might affect their 
motivation level for sharing knowledge among other things. This implies that managers neglect the 
area of supporting experienced employees to learn new things.  

8.1 Limitation and future research 
In this study, a statement assessing conflict of a product-related nature was chosen. However, the 
rated level of conflict is very low in both companies, which may be one reason behind the lack of 
significance for this variable. Expanding the study to include more respondents could possibly give 
another result. Furthermore, in the study by Jehn [1995] on the benefits and detriments of intra-group 
conflicts, it was concluded that even if task-related discussions and arguments may assist groups with 
non-routine tasks to perform well, members of the group may be very dissatisfied with the situation 
and want to leave. This is a limitation in our study, since we have not assessed how satisfied the 
employees are with their situation. Another limitation is that only conflict stemming from power and 
territorial struggles was included in the study, other types of conflicts or a higher degree of power and 
territorial conflict might lead to a bigger impact on a hoarding of information. Future research should 
also consider if an inverse U-shape relationship exists for conflict and knowledge sharing, similar to 
Van Engelen et.al [2001] concerning team polarity and team performance.  

9. Conclusions 
The purpose of this paper has been to analyse the effects of organisational factors, such as debate, 
conflicts, trust and lack of time on the levels of knowledge sharing within organisational departments 
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closely connected to design activities. The findings should therefore be valuable for design engineers 
and managers within product development. The most interesting findings from this study are related 
to the variables of trust, lack of time and how long an employee has been with the company.  

 In the initial model we suggested that trust would have a direct and positive effect on 
knowledge sharing. However, neither trust, i.e. handling conflicts and opposing views openly, 
nor existence of power and territorial struggles, significantly affected knowledge sharing in 
this study. This type of conflict, therefore, does not cause a hoarding of information, at least 
not with levels as low as in this study. What is shown though is that trust serves as a 
mediating factor between conflicts and knowledge creation, which in turn strongly correlates 
with knowledge sharing.  

 Lack of time is not significant for knowledge sharing per se but affects the important 
predecessors of allowed time for knowledge creation and documentation of new knowledge.  

 Employees who have been with the companies for a long time share their knowledge more 
than newer employees, though experienced employees feel that they are not allowed time to 
learn new things to the same extent as others. Therefore, there is a risk that experienced 
employees will become less motivated since they are sharing their knowledge, but feel there is 
little room for learning new things.  
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OVERCOMING UNCERTAINTY – WAYS OF DEALING 
WITH A LACK OF KNOWLEDGE IN INNOVATIVE 
PROJECTS 
KARLSSON, ANNA & TÖRLIND, PETER 

ABSTRACT 
This paper describes the findings from a retrospective empirical study with the purpose to investigate and 
highligt different types of uncertainties, i.e. lack of knowledge, as well as how these uncertainties were 
mitigated. This study included only innovative projects, sampled through internal awards for innovation in a 
large engineering group, since lack of knowledge is more likely to occur in innovative projects than in projects 
of more incremental character. The findings highlight the nonlinear process of innovation in product 
development, where the team constantly iterates between problem space and solution space. Uncertainty was 
mitigated not only by the acquisition or creation of new information, but through building relationships and 
preparing for future scenarios, resulting in an increased awareness of what is happening outside the company and 
added confidence. Findings also revealed that the teams used initial product ideas and concept ideas to increase 
its understanding and to test and evaluate these ideas against problems, requirements and needs. Also, a circular 
model of uncertanty was developed to visualise this iteration over time. The authors believe that the balance 
between uncertainty reduction and room for new ideas and innovations can be supported through the use of ideas 
as a means to reflect over uncertainties and possibilities for dealing with the current situation, thereby maturing 
the actual ideas.   

Keywords: Uncertainty, lack of knowledge, problem setting, problem solving, ideas, concepts, 
innovation, design 

1 INTRODUCTION 
The purpose of product development and innovation is to develop something new – the final result is unknown 
and uncertainty and ambiguity are therefore intrinsic parts of the design process [1, 2]. “There are some things 
that you know to be true, and others that you know to be false; yet, despite this extensive knowledge that you 
have, there remain many things whose truth or falsity is not known to you. We say that you are uncertain about 
them. You are uncertain, to varying degrees, about everything in the future…” [3, pp. xi]. This uncertainty can 
be invigorating, but also destructive if not dealt with appropriately.  

 The knowledge capital (core capabilities) in a company is to a large extent based on previous design experience, 
skills and systems that are essential in incremental development, at the same time these capabilities can inhibit 
innovation[4]. If a project embarks into a new area (new market or technologies) it is much more difficult to 
reduce uncertainty in an early stage [5]. Still, uncertainty is an essential part of creative design, necessary for a 
company to survive in today’s constantly changing marketplace. It is critical to attend to both the products and 
processes of the past (exploitation) as well as prepare for future innovations (exploration) [6,7]. Although there 
are organizations that succeed in this balance between efficiency and innovation today, by their very nature, a 
tension between these processes exists [8].Technological innovations are usually classified as incremental or 
radical. However, in reality this distinction is not easy to make since innovations are not just black or white, but 
rather various shades of gray. One way to make this categorization is to use the level of newness as a measure 
for innovativeness. Still, the newness of an innovation cannot be determined without considering different levels 
of analysis. It is possible to view innovation from either a macro level perspective, i.e. the characteristics of a 
product innovation is new to the world, the market, or an industry, or a micro level perspective, where the 
innovation is determined as new by either the firm or the customer [9]. However, it is difficult to measure the 
innovativeness of a product still under development according to several authors, innovation is accomplished 
with the first commercial transaction involving the new product, process or service [10]. Some authors extend 
this reasoning by determining the newness or degree of change associated with an innovation through the use of 
categories, such as discontinuous, incremental, radical or disruptive. Innovations involving dramatic departures 
(in the sense of a new market or technology) from existing products or their logical extensions are discontinuous 
[11]. In comparison, incremental innovations are gradual product improvements that provide new features, 
benefits, or improvements to existing technology in the existing market. Radical innovations produce 
fundamental changes in activities within an organization and a clear departure from existing practice [9]. The 
gap between existing and required knowledge creates confusion, uncertainty and different interpretation on how 
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to proceed, what to do and how to do it. This is often described as uncertainty, ambiguity or equivocality.This 
paper focuses on a specific kind of uncertainty, the lack of knowledge, in innovative projects within a large 
engineering group. Because innovation concerns the creation of something new, this particular kind of 
uncertainty is more likely in innovative projects than in design projects of a more incremental character. The 
purpose of this paper is to investigate and highlight different types of uncertainty and lack of knowledge that 
exist in the different phases of the design process, and how this uncertainty was mitigated. The paper also 
describes the highly nonlinear process of innovation in product development, where the team constantly iterates 
and explores both the problem space and solution space. To address this purpose, a retrospective study of 
successful projects rewarded for their innovativeness in diverse business areas of the Sandvik group, was 
conducted. Several R&D professionals were interviewed regarding their experiences with these highly 
challenging projects.  

2 THEORETICAL BACKGROUND 
Because these concepts uncertainty, ambiguity and equivocality are often used as synonyms, a clarification is 
needed to distinguish between their different meanings. Other important areas are the design process, how 
knowledge is acquired and assessed, and how ideas and concepts relate to uncertainty in the design process. 

2.1 The concept of uncertainty, ambiguity and equivocality 
Uncertainty is inherent in the discipline of product development and design due to its unavoidable rise from the 
explorative and iterative development of solutions that characterises design activities.  

Stacey and Eckert [2, pp. 167] highlight that “designers need to communicate skeletal or incomplete designs, in 
which elements or aspects are missing, or specified only quantitatively or approximately, or only in functional 
rather than structural terms”. The concept of uncertainty is often defined as “…the difference between the 
amount of information required to perform a particular task, and the amount of information already possessed 
by the individual” [12, pp. 11]. A similar view of the concept states that uncertainty “… can be defined as a state 
that exists when an individual defines himself as engaging in directed behavior based upon less than complete 
knowledge” [13, pp. 571]. In engineering, a distinction is made between two types of uncertainty, aleatory and 
epistemic. Aleatory or statistical uncertainties are unknowns that differ each time the same experiment is 
conducted. In contrast, epistemic or systematic uncertainty is due to things we could know in principle, but do 
not in practice (because of a lack of knowledge or limited understanding) [14]. We are guided by the definitions 
of uncertainty above and delimit uncertainty to the perceived lack of knowledge to perform a particular task.  

Ambiguity is another closely related concept to uncertainty. Collins English Dictionary [15] defines ambiguity 
as: 1) “the possibility of interpreting an expression in two or more distinct ways” and 2) “vagueness or 
uncertainty of meaning”. The first definition is often positively used within design research, with the notion that 
a design team should preserve ambiguity and prevent fixation at a particular solution early in the design process, 
or decide what the problem is before a thorough study of needs and requirements [2, 16]. This notion is also used 
during early design when a sketch of an idea may be more ‘open for interpretation’ by the receiver than a more 
formalized design object (e.g. CAD-drawing, electrical scheme, hydraulic scheme), allowing a wider 
interpretation phase [2]. In this sense ambiguity can in fact lead to new ideas and improved solutions. The 
second definition is used to describe vagueness or uncertainty of meaning, something that should be avoided in 
engineering communication, and is described by Stacey and Eckert [2, pp. 153] as “what is uncertain and 
provisional needs to be expressed as clearly as possible”. The first notion of interpreting an expression in two or 
more distinct ways is also used in design research when describing contrasting or equivocal situations, i.e. the 
extent that multiple and conflicting meanings exist among project participants, see section 2.2.1. 

2.2 The design process 
The design process is often generalized and described as a linear process starting from an identification of needs, 
followed by a progression into a clarification of the task, concept development and detail design.  In reality, the 
process is more complex and intertwined, and seems to be more a matter of developing and refining both the 
formulation of a problem and ideas for a solution simultaneously. This is often done through a constant iteration 
of analysis, synthesis and evaluation between two notional design spaces, i.e. problem space and solution space 
[17]. Schön [18] uses the terms Problem setting and Problem solving to describe these activities. 

2.2.1 Problem setting  
An important part of the problem setting process is to create a shared understanding of the problem. This does 
not imply an agreement of which solution must be achieved, but a common ground for the boundaries, rules and 
needs of the product. However, this common ground can be set and reset throughout the project in an iterative 
process when new knowledge is acquired [19]. Bergström explains the process a group has to go through to 
reach a shared understanding and that it is possible for the team to create a contrasted understanding. “The 
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contrasted understanding may be seen as a waypoint or perhaps a crossroad, where the path can lead towards 
creating a shared understanding or towards even more divergent conflicting understanding” [20 pp. 60-61]. 
This contrasted understanding is similar to the notion of equivocality, which refers to the extent that multiple and 
conflicting meanings exist among project participants [21]. To mitigate this equivocality, a consensus must be 
formed through the exchange of subjective interpretations and a shared understanding, even though new 
information may actually increase rather than decrease equivocality [22]. 

The composition of the team can also affect this process, with a high diversity increasing the probability for 
innovation [23] and, as recommended by Tom Kelly of IDEO, the participants of a design meeting should be as 
heterogeneous as possible [24, pp. 65]. As well, it is recommended that as many of the project stakeholders as 
possible participate during the early phases of the project. These participants have different competencies, skills, 
responsibilities, and interests since they live in different parts of the worlds and therefore view the object 
differently [25], while sharing a common goal. However, this diversity is not only positive. Research has shown 
that diversity, if managed poorly, can decrease the performance of the team [26] due to the increased problem of 
understanding each other [27].  

2.2.2 Problem solving  
Ottenheijm et al. [28] define the problem solving capability of a group as their understanding of the problem and 
their agreement.  A group with a high understanding and agreement can take effective and efficient actions on 
the problem. However, other researchers argue that a team of designers with little common understanding and 
agreement will come up with a wider set of ideas and concepts, often new, often unexplored [29]. Consequently, 
“the differences in opinion are a source of inspiration” [20, pp. 63]. As well, a limited knowledge about the 
problem to be solved leads to wilder and more unlikely solutions [23]. 

In other scenarios, high understanding and no agreement result in a group conflict, and high agreement and a low 
shared understanding result in groupthink. In this case, the group framework is not a good representation of the 
group’s understanding of the problem situation. Yet, group members will agree, just for the sake of the group. 
All of these situations are illustrated in the following matrices in Figure 1. 

 

Figure 1 Understanding-Agreement problem-framing matrix, from Ottenheijm et. al. [28] 

If the understanding of a problem is low, the team needs to acquire or develop new knowledge. 

2.3 Acquiring and assessing knowledge in design 
In a product development project, knowledge of the product increases during the whole development process, 
and will continue to increase throughout the life of the product. In a study investigating which type of knowledge 
was perceived as most important for the design of complex products, knowledge related to the process 
(concerned with the design activity itself) was perceived as more important than knowledge relating to the 
product (concerned with the artifact to be designed). Furthermore, becoming knowledgeable and expert about the 
product was perceived to take a long time, though it was not deemed as important as process knowledge [30]. 

But how do design engineers acquire or create the necessary knowledge to overcome an uncertainty? According 
to Ahmed, knowledge is generated and evolves through 1) observations and experiments, 2) by interpreting 
information or data, and 3) through reasoning and combining pieces of knowledge [30]. However, product 
design is also a collaborative endeavor, as shown in the information retrieval activities. An individual can 
retrieve information in a design team independently (if a unique information need exists) or on behalf of the 
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team, by an ad hoc group or by the team working together in a meeting. A common strategy is also to solicit 
feedback to a design or a design concept [31], as also found by Cross in his review of the literature. Designers 
tend to use a solution conjecture as a means to understand the problem formulation, since ‘the problem’ cannot 
be fully understood without considering ‘the solution’, i.e. the problem and solution co-evolve [32]. Designers 
often make a representation of their ideas (e.g. sketches, CAD-models, prototypes etc.) and use these 
representations as an interface for communication, thereby supporting knowledge creation and a common 
understanding of the problem [33]. But at the same time as an idea is synthesized into a sketch or prototype, 
these representations create irreversibility in the design process. The sketch or prototype becomes a reference for 
the team and therefore implicitly influences future choices [34]. However, acquiring information from either 
outside or inside a company is not always such a simple process, leading us to the notion of ‘sticky information’. 
‘Sticky information’ is information that is difficult to transfer due to, for example, cost, the recipient’s lack of 
absorptive capacity, causal ambiguity, and difficulties in the relationship between source and recipient [35]. 
When necessary ‘sticky information’ exists somewhere other than the location for problem solving activities, 
four patterns can be observed: 1) the problem solving activities will move to the location of the information, 2) 
an iteration between different locus, if ‘sticky information’ exists in more than one place, 3) the task will be 
partitioned into sub-problems, or 4) investments are made to reduce the stickiness of the information, i.e. make it 
more explicit and easier to interpret [36].  

Assessing and visualising uncertainties and current knowledge in the project, which can be used for project 
planning, risk assessment and decision-making, can be very valuable. One approach to visualise the certainty of 
knowledge is to use the Knowledge Maturity Scales, developed by Johansson et al [37] and based on TRLs  
(Technology Readiness Levels) approach developed by NASA [38]. The Knowledge Maturity assesses different 
types of knowledge (Input, Method and Experience) in a 5-graded scale. By using this approach, managers can 
assess the knowledge maturity at different decision gates, with different acceptance criteria needed to pass the 
gate (e.g. level 4 for input, 4 for method and 3 for expertise). Because knowledge is also the driver of new ideas 
and concepts, it is no surprise that knowledge is a foundation for innovation [39]. 

2.4 Ideas and concepts in the design process 
The definitions and meanings of ideas and concepts are often difficult to interpret, due to their usage in many 
contrasting ways and the quite diverse terminology. A concept in aerospace could be the small variation of a 
flight proven component, in the area of consumer products a concept can be something completely new without 
any previous legacy. Ideas in this paper are categorized into two categories, initial product idea (the idea for a 
complete product, often the input to a product development process), or concept idea (i.e. the idea as solution to 
a specific problem within the product development process).  

2.4.1 Initial product ideas 
According to Hansen and Andreasen [40] the design task is born when a need is identified and company 
management has committed resources for the development of a design. However, a product idea is needed before 
a design task can begin, e.g. an idea that will lead to a technically and economically viable application.  A 
product idea is: “a mental construct, articulating both a design and the project for reaching the design. The 
design is believed to satisfy the need, cover the market demand, being better saleable, or in other ways taking 
away obstacles. The product idea may be a partial idea and successively developed into an idea with 
completeness and enough merit” [40, pp. 11]. A product idea can have its origin in several dimensions, from 
need, strategy, technology, business, user/customer, product, goal specification or task [40, 41]. Generally, the 
product idea can be seen as an attempt to answer the why (e.g. customer need) and what (e.g. product 
specification) questions, before handing over the task to a design team. Ulrich & Eppinger [42] state that there is 
a distinction between customer needs and product specifications, since a need is largely independent from any 
particular product that might be developed and is not specific to any concept that is eventually pursued. The 
number of product ideas circulating within a company is often very high, though few ideas lead to true 
innovations (successful economical products). Stevens and Burley [43] claim that out of 3,000 raw ideas, only 1 
leads to a commercial success, and from the 3,000 initial ideas, only 100 ideas lead to initial R&D projects, from 
which only 8 end up in development projects, 1.7 are launched, and only 1 is economically profitable. 

2.4.2 Concept ideas 
However, to bring the new product to the customer, many subproblems have to be resolved, as stated by 
Asimow“In attending to the solution of a design problem, there is uncovered a substratum of subproblems; the 
solution of the original problem is dependent on the solution of the subproblem.” [44, pp. 6]. Ideas that 
contribute to the solution of a subproblem are defined as concept ideas: “The concept (or design concept) is a 
conceptual (i.e. only focusing upon important, characteristics aspects ‘the difference that matters’) description 
of a design (product/service). A concept may be partial or a set of interrelated concepts like business concept, 
sales concept, production concept, assembly concept, use concept, disposal concept, etc”[40]. Ulrich & 
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Eppinger use the term product concept for the initial product design alternatives that are generated: “A product 
concept is an approximate description of the technology, working principles, and form of the product. It is a 
concise description of how the product will satisfy the customer needs” [42]. A product concept or a concept idea 
is therefore an attempt to answer the question how, starting the journey towards a solution. Hansen and 
Andreasen [40] highlight a logical or time relationship between these key constructs. Initially, a need is 
recognized, a problem is formulated (product idea), a design is synthesized (concept idea), and a product is 
produced and introduced to the market, for a visual presentation of these stages (Figure 2).  

 

Figure 2: Clarifying the difference of product ideas and concept ideas. 

This implies at least three phases of uncertainty for a design project to deal with. The first phase is of uncertainty 
between the identification of a need and the formulation of the product idea – why should we make this product? 
The second phase is the uncertainty after the design team has received the product idea and attempts to 
understand the problem of what to do. When the design team has reached a higher awareness of what to do, the 
second phase begins, i.e. how to do it, striving for a solution. The duration of these phases can vary in different 
projects due to the varying understandings of the product idea, concept idea or complexity of the task. 
Furthermore, as mentioned earlier, it is not unusual to continuously iterate between these phases.  

3 RESEARCH DESIGN 
The focus of the research presented in this paper is to investigate and highlight the different types of uncertainty 
and lack of knowledge in the various phases of design processes in highly innovative projects. One of the 
guiding research questions is to explore the lack of knowledge (both regarding problem setting phases and the 
problem solving phases). This relationship is clarified in Figure 3. 

 

Figure 3: Decreasing the uncertainty by acquiring relevant knowledge. 

In the beginning of the product development project, the team has initial knowledge (1) and experience relevant 
to the project. The team (hopefully) consists of different competences as identified by management or the project 
leader. During the project, knowledge (2) to understand the problem and to solve problems in the project is 
acquired, thereby attaining the required knowledge at the end of the process. 

To address this purpose, we engaged in a retroperspective, multiple study of successful projects in the Sandvik 
group. A large number of R&D professionals were interviewed about their experiences of performing highly 
challenging projects. The goal was to focus on projects considered innovative. Evaluating innovation is difficult, 
since every evaluation rests on subjective judgements. Therefore, distinguishing which products are more 
successful innovations than others is not easy. In this study we have analysed a company’s innovations from a 
micro-level perspective [9]. Internal awards were used to sample which projects were perceived as most 
innovative by the engineering group [45]. This way of sampling also prevents researcher bias, since the company 
itself and not the researchers determined the degree of newness [46].  
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3.1 The Engineering Group 
Sandvik is a high-technology engineering group with advanced products and a world-leading position within 
selected areas. The group conducts operations in five business areas, with responsibility for research and 
development (R&D), productions and sales of their respective products: 

 Sandvik Mining is a leading global supplier of equipments and tools, services and technical solutions 
for the mining industry.  

 Sandvik Machining Solutions, a global market leading manufacturer of tools and tooling systems for 
advanced industrial metal cutting. Products are manufactured in cemented carbides and other hard 
materials.  

 Sandvik Materials Technology is a world-leading manufacturer of high value-added products in 
advanced materials.  

 Sandvik Construction provides solutions for virtually any construction industry application with 
products ranging from rock tools, drilling rigs, breakers, bulk-materials handling and crushing and 
screening machinery.  

 Sandvik Venture aims to create the best possible environment for growth and profitability in attractive 
and fast growing operations. The product area comprises, e.g. raw materials manufacturers and medical 
technology.  

The engineering group is represented in more than 130 countries, has more than 5,000 active patents and had 
47,000 employees in the year 2010.  

3.2 The awards 
In a study by Blau [47] (regarding innovation in architectural firms), awards have shown a significant correlation 
with other measures of innovation, such as faculty evaluations and journal articles. There are two awards within 
the engineering group, both at a group level, see Table 1. Note that the awards are not awarded to the whole 
project team, only the core team responsible for main product development/innovation. 

Table 1: Background information concerning the awards 

Award History Scope Jury Recipients 
The 

Haglund 
Medal 

Was instituted in 1985 
to recognize important 

and innovative 
contributions within the 
engineering group. The 
Medal is given to the 
Product Developer of 

the year.  

The Medal is awarded to 
employees who have made 

the most significant 
contribution to produce or 
develop a product of great 

potential value to the 
engineering group.  

The jury consists of 
the CEO, Union 

representatives and 
people with great 
knowledge of the 
Group operations. 

All employees 
within the Group 

may be 
rewarded and 

are also allowed 
to hand in 

nominations for 
the award.   

The 
Innovation 

Prize 

The Prize was first 
introduced in 2003 with 
the purpose to stimulate 
and reward innovative 

achievements. The 
purpose is to 

complement other 
rewards (e.g. “The 

Haglund medal”) and 
give faster feedback to 

the innovator.  

The Prize is awarded to 
innovations in the field of 

technology and within 
product or process 

development. 
Commercialisation is not a 
requirement but is included 
as an important parameter 

in the evaluation.  

Evaluation of the 
innovation is done 
by an expert in the 

relevant field of 
technology and a 
jury within the 

engineering groups 
R&D council.   

 

The Prize is 
open to all 
employees 

within the group 
employed at the 

nomination 
deadline.  

3.3 The projects 
The study was delimited to include projects that have received either the Innovation Prize or The Haglund Medal 
or both, from 2004 up to 2011 (with the exception of the innovation prize, which was not awarded in 2010 and 
2011). The study was delimited because, first and foremost, much time has passed since the project was carried 
out, affecting how much a respondent can remember. Another reason is the likelihood that the recipients are still 
employed at the company. The unit of analysis are the innovation projects and not the product itself; for a 
description of the projects, see Table 2. 
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Table 2: provides descriptive information about the projects  

Innovation project Number of recipients 
interviewed 

Awards 

A - A new series of milling cutters for aluminium 
machining that has improved productivity and 

component quality.  

1 of 2 The Haglund Medal 

B - A new method for the surface treatment of steel 
strip resulting in a steel band that is extremely 

durable and scratch-resistant. 

1 of 2 The Innovation Prize  

C - New stainless material that has revolutionised the 
manufacturing of artificial fertilizer 

2 of 2 The Haglund Medal 

D - A new indexable insert drill with improved force 
balance and performance. 

3 of 3 The Innovation Prize and 
The Haglund Medal  

E - A new generation of fine grained substrates of 
cemented carbide. 

1 of 1* The Innovation Prize  

F - A new generation of fine grained substrates with 
PVD coatings 

2 of 3* The Haglund Medal 

G - New lead-free alloy for the watch industry, 
something not practically possible before.  

3 of 3 The Innovation Prize 

H - A new generation of threading tools for metal 
cutting with a more stable coupling that gives better 

component quality 

2 of 2 The Haglund Medal  

* One recipient received both prizes for the same development; this recipient was only interviewed once 

A common denominator in all projects was that they all focused on advanced technology development in a 
mature market. In several cases, the project goal was to improve an existing world-class solution.  

3.4 Data collection 
The primary data source consisted of interviews with recipients of either awards, since interviews are an efficient 
approach to collect rich empirical data [48]. All recipients from 2004 and onward still employed within the 
engineering group were contacted and requested for an interview. In total, 30 individuals had received one or 
both awards during these years, of which 21 were still employed at the company when the study was conducted. 
Three recipients still employed at the company did not reply to the inquiry. The remaining recipients (14 because 
some received both awards for the same project) accepted to be interviewed, resulting in 11 interviews from 7 
projects (one group interview with 3 respondents, the rest individual interviews). At the time of the interviews, 
the respondents had experience from the company ranging from 5 to 28 years and had the current positions: 
manager (R&D, sales, business development), project manager, product developer and specialist. Interview 
length varied between 36 minutes and 1 h and 36 minutes. All interviews were carried out in Swedish, audio-
recorded and transcribed, and all respondents were given the opportunity to read the transcribed material. 
Internal validity was ascertained by asking similar questions to several team members in the project, citations in 
the paper are translated by the authors. The interviews were based on an interview guideline in line with semi-
structured interviews [49]; additional topics that came up in the discussions were also followed up during these 
sessions. The questions in the interview guide were open-ended questions focused on certain topics, i.e. 
questions that allow the informant to formulate the answer from his or her point of view in relation to the topic. 
Follow up questions were built upon words from the respondents answers, and are thereby based upon the 
terminology “natural” for the respondents. In general, follow up questions were, for example: “why?”, “tell me 
more about…”, and “can you explain…”. This encouraged the respondents to go deeper into the area and biases 
by the researchers were somewhat avoided.   

4 EMPIRICAL FINDINGS  
In this section the empirical findings are presented by describing the context of the projects and also key events 
and specific uncertainties. 

Project A 
In this project pioneering design solutions for clamping and adjusting indexable inserts for high-speed milling 
were developed. The result was a product within an application area where the company in question had been 
inactive for many years. The project includes new technology for both the insert and the tool-holder, and resulted 
in three patents. The project group began with an old specification of requirements, but soon realized that 
customer needs had changed and the resulting product would not be adequate if they continued. When the 
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project group realized that the changing customer demands, they backed off and conducted a market 
investigation that really highlighted a number of things. The respondent from this project explains the outcome: 
“Our project manager calls it a specification of demands, but I am more of a technician, so I see it as a more 
‘popular-scientific’ specification…it really describes what we used as a vision, more than a clear specification.” 
Both recipients were quite young, but they complemented each other since one had previous experience from 
manufacturing and the other had worked several years in development and had a sense of what could be done in-
house. The group was complemented with a more experienced project leader, described by the respondent as: 
“…mature enough to give us free boundaries”. The respondent also describes the group as questioning and not 
prepared to settle with the first solution that came up. On one occasion they invited people from outside the 
project group to help with refinement of a previously patented idea. The functionality was satisfactory, but they 
felt that something was lacking when it came to usability. The result was an improved solution and a new patent. 
Still, the project group felt pressure to proceed to new things and was convinced that more could be done.  

Project B  
The outcome of this project was the adoption of a new method for the surface treatment of steel strip, resulting in 
extremely durable and scratch resistant steel bands. The technology is very flexible and therefore opened up a 
huge new market for Sandvik. The project idea came from an existing product within the engineering group, a 
material for catalytic converters for cars. Because a catalytic process occurs at very high temperatures, adding 
aluminum to the steel was necessary, resulting in a product (steel strip) that was very hard to produce. Existing 
customers placed higher and higher demands on the product and the price, as expressed by the respondent from 
this project “…we felt that we had to do something quite radical”. One of the ideas that emerged was to produce 
a steel strip in simpler steel from the beginning, and then enhance it by adding a coating of aluminum. The team 
searched and found a number of alternative methods. On one occasion, they got the possibility to present their 
idea and suggestions to top management. Because the idea was perceived as interesting they left the meeting 
with the assignment to find more than just one product for the technology, since a large investment was needed 
and simply having one product was too risky. The team found 5-6 products (short-term and long-term) that 
would suit the technology, i.e. new markets for the company. A large investment was completed and eventually 
a totally new organization (still in the Sandvik Group) was set up, including development, production and sales. 
At the same time, external front-edge competences from outside were hired, knowledgeable within the new 
technology and equipment.  

Project C 
The duo from this project was rewarded for the development of a new and patented stainless-steel material that 
revolutionized the global manufacturing of urea (inorganic fertilizer). This new material made it possible to 
increase safety in fertilizer plants considerably, due to the exclusion of oxygen in the manufacturing. The two 
respondents had quite different backgrounds, a Dutch responsible for sales within the fertilizer market and with a 
background from finance and sales and a Swedish engineer with just two years of experience. The project was 
initiated through collaboration between two companies, Sandvik and a large licenser within the fertilizer 
industry. These two companies (and individuals within them) have historically had a strong relationship that in 
this case resulted in a partnership where they agreed to co-develop a special duplex steel for the fertilizer 
industry. “Without the relationship we had, in the partnership and because we are friends, this would never have 
happened… it was due to energetic, ambitious individuals who believed in this and therefore pursued it”. At the 
same time, the development division’s strategic direction was a bit unclear:  “…should we work with developing 
new products or should we focus on delivering standard products and large volumes to other companies, which 
was the corporate strategy at the time.” An uncertainty that the project faced was the impossibility to test the 
material without oxygen in a laboratory; the only way was to test the concepts in an existing plant. It was 
difficult to find someone who would assume the cost and risk of testing an unproven product.  

Project D 
This project resulted in a new indexable insert drill, a product within an area where the company was already 
active. However, the improvements increased productivity by 100%, produced finer hole tolerances and an 
improved surface, and allowed longer life of the inserts compared to the existing product. Three new patents 
protected the final product. The project team was rather inexperienced with this particular application area, but 
had some experience from other areas within metal cutting. Therefore, it was necessary to conduct some 
competence enhancing activities prior to the upstart of the project. Because the force balance of the existing 
product was not under control, one of the respondents had the task to develop a force calculation program. This 
program was later used to test and generate ideas for a solution to the problem. Another uncertainty for the 
design team was the challenging requirements set for the product: “It was not the case that the requirements 
were conservative, on the contrary they were very challenging… it was really to raise the bar”. In the end, not 
all requirements were reached and the project was in fact delayed. Still, when the product reached the market it 
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was deemed as the best drill ever produced by the company and many customers reported positively.  

Project E 
Besides the contribution to a new generation of substrates for metal cutting inserts, the research and development 
in this project resulted in a better position for the company regarding the knowledge and ability to produce fine 
grained cemented carbide with improved properties and performance. The project resulted in numerous granted 
patents. The respondent had worked extensively within a competence project to devise a solution for this 
particular area, while being active within a research project at a university: “I became frustrated. I had tried to 
find a solution for so long. We had tried several different approaches; we had tried to think this through. 
Nothing worked. I was part of another project at a university, and had learnt that it might be possible to do this 
in another way than what was commonly understood. So, I tried. And, it worked!” However, extensive 
knowledge was to be developed if this initial concept would actually work in this application. Initially, the 
respondent refined the concept for his own understanding, through simulations and small-scale experiments, 
before telling the rest of the project group. The group was described as open-minded and extremely competent [a 
majority had Ph.D.s, but in different specialties] “… at the same time, everyone will tell you when you are 
suggesting something unreasonable.”  

Project F 
The rewarded products in this project were the combined outcomes of the previously discussed project, Project 
E, and the result from a competence project whose aim was to improve a specific coating method. This 
competence project mapped the cause and effect relationship between material, process and wear resistance of 
inserts for metal cutting. The focus of this technology area was initiated when upper management realized that 
this area had been neglected within the company, with the risk of lagging behind competitors. Therefore, a new 
machine was acquired and used for process development. The direction for the mapping was the result of much 
testing and literature studies: "We read a lot of published work from universities”, and thus an idea for a new 
process. The idea was tested in a new machine in full production scale and once the idea worked, it was time to 
transfer the process to production, located in another city. This went very well: “So, the things we were able to 
accomplish in our laboratory made it possible to transfer to production, just buy the machines and run the same 
processes. This is a big advantage.” The group that received this award possessed different strengths, such as 
different core competences and different personalities.  

Project G 
The product idea for this project came after an association of watch companies in Switzerland inquired about 
developing a lead-free material. “They thought that the regulations would render lead in this material prohibited 
in the future. So, the trigger for the idea was the possibility that the authorities would put higher demands on the 
industry.” The company had an existing product within this application area, but it contained lead, which has a 
great machinability effect that is very important for customers within this industry since they are producing 
components with weak dimensions. A great challenge for the project team was to understand what the customer 
really needed, and then transfer the demands that could not be explicitly stated. An example was the surfaces of 
the customers’ components, which were weak and fragile and could not be measured with an ordinary measuring 
device. Therefore, the shine of the component was examined in a microscope or magnifying glass and thereby 
deemed acceptable or not. “I think that this is something we struggle with, these softer or implicit needs, to put 
them down on paper. What within these areas is it that we want? If you can´t set those then they are incredibly 
hard to fulfill.”  

Project H 
This product development project began as a competence project run by one of the respondents, with the overall 
aim to replace an existing offer within threading. The final product had a locking interface that is very stable 
(seven to ten times less movement than in the existing product) and therefore allowed greater precision indexing 
and better quality in the finished thread. The company was aware of the problem with stability in the existing 
product, but producing a better solution was not possible. Another project (of a milling product) then led to the 
in-house development of a grinding machine, and the idea to use this machine to develop a new threading family 
was raised by a manager within product development. “One wanted more products to fill this machine, a 
machine that was not fully developed… So, a lot depended on this machine, that it would be ready so that we 
could manufacture prototypes just like the finished product” This meant that the design team was uncertain 
when it came to production, since it was not possible for them to experiment and produce prototypes in the 
actual production equipment. One of the respondents expresses a lesson learned from the project: “[If you have 
confidence in the production] one can conduct all the tests in the area that sells the most and the material that is 
used the most and so forth. Then you just widen and stretch the product program… maybe resulting in that the 
solution is not optimized in the corners. But when one is uncertain of the production, then it may be better to 
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start in the corners”. The possibility to gather experience by working in the smaller areas exists, before attacking 
the area with the largest customer base.  

5 ANALYSIS AND DISCUSSION 
The analysis was performed iteratively between the authors and was based on the transcribed interviews and 
complementary data. In the analysis, critical uncertainties were identified as instances where knowledge was 
lacking or where the respondent explicitly expressed that the project group felt uncertain. The corresponding 
mitigations and outcomes were also recognized. Subsequently, each uncertainty, mitigation and outcome was 
mapped to either problem setting activities (Why & What) or Problem solving activities (How). Each identified 
uncertainty, mitigation and outcome was mapped to the corresponding problem space (why, what, how) and 
aggregated in order to generate a more general description (Table 3). 

Table 3: A general description over uncovered uncertainties, mitigations and outcomes in the projects 

Perceived uncertainty 
regarding: 

Problem space (WHY, 
WHAT, HOW) Mitigations Outcome 

Market (possible 
return on investment) 

Why should we do this? 
(internal need) 

Map growing markets 
Ask input from existing customers 
Certification process (prepare for 

growing markets) 
 

New product ideas 
Approved technology 

 
 

Needs Why should we do this? Build relationships with customers 
Establish a partnership 

Knowledge about customer 
processes 

Mutual trust between company 
and customer 

Legal agreement between 
company and customer 

 

Accuracy of product 
requirements 

What is actually 
important for the 

customer? 

Conduct a market investigation 
Meetings with the customer at the 

customers place 
Observing the customer process and 

conducting field tests 
 

Understanding the problem with 
existing products 

Understanding customer demands 
(tacit and explicit) 

A vision for the team 

Possibilities (existing 
process equipment) 

What technology/process 
improvements can we 

do? 

Test existing technologies available 
on the market 

New product ideas 
 

What if we miss the next 
big thing out there? 

external collaborations e.g. with 
universities Awareness of new trends 

Required knowledge What competence do we 
need? 

Discuss with more experienced 
colleagues, or include them in the 

project 
Observing the customer process 
Internal competence activities 

Developing a calculating program 

An understanding of the problem 
Increased feasibility of a solution 

Confidence in the situation 
A program for conducting 
calculations (engineering 

knowledge models) 

Feasibility (of 
requirements) 

How can we fulfill these 
requirements? 

 

Working intensely with several 
concept ideas 

Sketching in the CAD-system to 
evaluate feasibility 

Literature review (internal and 
external documentation) 

Increased understanding 

Feasibility (of a 
concept idea) 

How can we produce this 
solution? 

Discussing with specialists 
Setting aside resources to work with 

this question 

Understanding what is feasible 
A project 

How can this concept be 
realized? 

Conducting simulations, test 
prototypes 

Searching for a collaboration partner 
willing to test the concept (not 
possible to test in a laboratory) 

 

data (simulated and experimental) 
Proven technology 

Quality (of an idea) How can we improve this 
concept idea? 

Searching for help from outside the 
project team A new concept idea 

Required knowledge 
How can we increase our 
competence within this 

area? 

Invest in new equipment 
Process development 

Cause-and-effect relationships 
(engineering knowledge models) 

Uncertainties relating to problem setting (why and what) concerns the market or customer needs (external to 
company), competence and to some degree technology.  Activities to mitigate the uncertainties are therefore 
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highly collaborative i.e. observing the customer processes or collaborations with universities.  However, 
uncertainties relating to the problem solving (how) are naturally more concerned with feasibility, but to some 
degree also with quality of either existing knowledge or an idea. Mitigation activities are more experimental but 
also include getting help from external partners (individuals, customers etc.) to the project group or the 
company. The different character of mitigation activities are reflected upon the outcomes (categorized below):  

 Tacit knowledge (e.g. understanding, awareness ) 
 Explicit knowledge (e.g. data, cause-and-effect relationships) 
 An activity or feeling (e.g.  a project, mutual trust or confidence) 

The closer you come to the how question (problem solving), the more explicit information or knowledge seems 
to be available or can be generated, however tacit knowledge relating to production or concept ideas are still 
important input in order to deliver a finished product to the market. The mitigation activities and their outcomes 
seem to be complementary to each other, which can reflect the iterative nature of design and the maturity of an 
idea. 

When trying to map the uncertainties into the linear model (Figure 2) it was apparent that different sub-problems 
or ideas are simultaneously connected to different types of activities (one connected to problem solving and one 
to problem setting). The linear model implicitly describes a horizontal time axis (i.e. that the actions Why, What 
and How always follow each other). Therefore, a circular model was developed to visualize the different types of 
uncertainties, see Figure 4. 

 

Figure 4: Circular model of uncertainty. 

An idea (either product or concept) simultaneously exists in and explores two spaces (Figure 4). For example, at 
the beginning of a design task, a team simultaneously tries to understand the requirements delivered to them (i.e. 
the requirements for the product), why these requirements are relevant (i.e. what the actual need is) and how the 
requirements can be fulfilled. To illustrate some of the actions performed to overcome uncertainty in the project, 
the following paragraphs provide examples of how the knowledge was acquired, product idea was refined and 
how new uncertainty can be introduced.    

5.1 Acquiring tacit knowledge through close collaboration 
Most identified mitigation activities agree with how to generate and evolve knowledge, as described by Ahmed 
[30], through 1) observations and experiments 2) by interpreting information or data, and 3) through reasoning 
and combining pieces of knowledge. However, the respondents highlighted activities such as building 
relationships and preparing for future scenarios as important in order to provide, for example, access to test, 
confident personnel and an awareness of what is happening outside the company. This suggests an occasional 
need to collaborate, not just for the sake of new information, but to build trust and enhance the relationship. This 
can also be important, since our result supports the notion of ‘sticky information’ [36]. An example of this is 
when the surface quality, impossibility to measure with any instrument, is evaluated through its shine. To 
understand what aspects are important in this judgment, interaction with the customer is necessary to acquire the 
tacit knowledge of the ‘right’ shine. 
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5.2 Refining the product idea 
A typical example of working with problem setting is from a project that already had the basic product idea: 
“We said that we could not start with anything existing, in that case we could only test if it works, and if it does 
not work, then it is unsuccessful. So we made up a list of things that must work.” When they really understood 
what requirements were needed (which occurred when they learned more about the application and how the 
product should be used), they reflected over the requirements, “…and everything was new for us”. Another 
respondent describes how the team spent a lot of time in the problem space, acquiring knowledge about the 
problem before coming up with the concept ideas that really made the difference, “I would not say that the ideas 
[concept ideas], was something that came up initially. It was ideas that matured as a result of our intense work 
within the area… I would say that the ideas came somewhat after 12 months into the project.” The star in Figure 
5 indicates a new product idea and the start of a design task (since this idea was approved by management and a 
project was initiated). When the design team tries to solve the task, i.e. develop the final product, exploring the 
problem in both directions (t1) is necessary. In incremental development, it might be quite easy for the design 
team to proceed towards the center of the model, i.e. the finished product, due to the team’s past experiences of 
how to handle the situation. However, when a product idea or area is new to the individual or team, proceeding 
further out in the model seems more crucial, i.e. to explore the why-space and the need for the product, and 
iterate between the different spaces.  

 

Figure 5: An example of concurrently exploring the problem space (What & Why) and the concept space 
(How). 

When adding the time dimension to the model (Figure 5), the process becomes irreversible since the individual 
or team has acquired an increased understanding of the problem setting or the problem solution, i.e. you never 
return completely to the idea at the beginning of the process. Furthermore, it is possible to process both product 
ideas and concepts ideas simultaneously while moving between the two. This is similar to the use of 
‘intermediate objects’ in design and might suggest that ideas can in fact work as an implicit ‘intermediate 
objects’ used to test and evaluate problems, requirements and needs. This usage is very similar to how a physical 
prototype can enrich communication and collaboration. As Michael Schrage writes: “the value of prototypes 
resides less in the models themselves than in the interactions - the conversations, arguments, consultations, 
collaborations - they invite.” [50]. 

5.3 Increasing uncertainty 
In several cases, the teams comes to a stage where they realize that they have missed some type of information 
or knowledge, a finding that increases uncertainty, and move them further away from their goal. –For example, 
one project focused on the solution space and realized that the customer needs had changed. "We started working 
guided by old specifications, but we felt that this was not true any longer. The market had changed and the 
customers' requirements had also changed." Hence, they decided to revisit the problem space and answer the 
Why and What. Some of the projects had an equivocal understanding due to different parties having different 
interpretations of the situation. For example, is a conceptual idea good enough? In at least two of the projects the 
designers responsible did not perceive the concept as satisfactory, whereas the project leader or other manager 
wanted to proceed with other problems. As explained by one respondent, “If we would have introduced the 
product the year we were supposed to, then it would not have been a technically enhanced product. In principle, 
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it would have been a remake of what already existed” This highlights the need for a balance between further 
uncertainty reductions (optimizing) or deciding that the solution is satisfycing. It is not feasible to reduce all 
uncertainty in an innovative project, and probably not something you want to obtain since this eliminates the 
surprise factor. Surprise is what keeps the designer from routine work, according to Dorst and Cross [17], and is 
an important part of creative design. For a project venturing out into new areas, there would be little room for 
new ideas and innovative results without uncertainty.  

6 CONCLUSIONS AND FUTURE WORK 
The purpose of this study was to highlight different types of uncertainties (lack of knowledge) and how this 
uncertainty was mitigated in highly innovative projects. The sampled projects have all received innovation 
awards. The innovativeness of the projects can also be strengthened by the fact that all projects have resulted in 
several new patents, and the projects introduced new technology or entered a new market/customer. It was clear 
that the novelty led to the exploration of technology, production methods, and materials. Uncertainty and lack of 
knowledge were therefore high at the beginning of the projects. 

The question is not how to reduce uncertainty completely but how to deal with uncertainty, i.e. to balance 
uncertainty reduction and room for new ideas and innovations. We found that ideas can be used to test and 
evaluate different problem spaces through iteration of ideas between problem setting and problem solving 
activities (i.e. test the ideas against problems, requirements and needs).  In the analysis, distinguishing between 
uncertainties caused from the problem setting and from the problem solution was beneficial. In this paper we 
distinguish between three different categories, WHY? - identification of opportunity (e.g. market needs, technical 
opportunity), WHAT? - identification of the problem and HOW? - the problem solving process.  

The circular model of uncertainty (Figure 4) and Table 3 might not help a design team to reduce uncertainty 
completely from an innovative project. However, it might support the team in understanding the nature of the 
uncertainty they are facing and providing some suggestions for activities that might mitigate the situation. 
Furthermore, the results from this study can support the design team early in the project (i.e. during concept 
development) to strengthen ideas by using the model as a means to visualize the maturity of the ideas and what 
needs to be done to increase the maturity. Still, a validation of the model is necessary and could possibly be done 
by mapping other projects to the model and using the model as a visualization tool to describe the maturity of 
knowledge of different dimensions.  
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