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The fuzzy front end of manufacturing technology development is characterised by a
high degree of technology uncertainty and challenges due to the lack of access to
relevant knowledge as well as lack of a structured development process and enough
resources to work with development of new manufacturing technologies. Prior research
highlights that little is actually known about what should be done in the fuzzy front end
of manufacturing technology development projects, and thus more research is needed.
Therefore the objective of the research presented in this thesis is to explore the fuzzy front
end of manufacturing technology development. In order to fulfil the objective, empirical
data were collected from six case studies conducted in the manufacturing industry.
In order to support the fuzzy front end of manufacturing technology development
projects, a supporting framework has been developed. The proposed framework is an
elaboration of results from the research questions addressed and can be used as a
guideline to overcome the challenges observed in the fuzzy front end of manufacturing
technology development projects. The framework is built on two important dimensions
for innovations, degree of technology uncertainty and degree of novelty. The critical
factors identified in the analysis are embedded in the proposed framework as central
aspects in the fuzzy front end of manufacturing technology development.
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Abstract
It is well known that a way of competing on a global market is through the introduction of new
manufacturing technologies in the production system that can improve product quality as well as
contribute to reducing manufacturing time, reduced product price and in the end increased profits.
Manufacturing companies that develop and introduce new manufacturing technologies can differentiate
themselves from others and thus achieve increased competitiveness.
The fuzzy front end of manufacturing technology development is characterized by a high degree
of technology uncertainty and challenges due to the lack of access to relevant knowledge, lack of a
structured development process, and enough resources that are working with development of new
manufacturing technologies.
In the literature only a few empirical studies that explore the fuzzy front end of manufacturing
technology development can be found. Prior research highlights that little is actually known about what
should be done in the fuzzy front end of manufacturing technology development projects, and thus
more research is needed. Supporting the fuzzy front end of manufacturing technology development is
important to facilitate a successful introduction of new manufacturing technologies, fast time-to-volume
and long-term production system development.
Based on the above-mentioned importance of developing new manufacturing technology, the objective
of the research presented in this thesis is to explore the fuzzy front end of manufacturing technology
development. In order to fulfil the objective, empirical data were collected from five case studies
conducted in the manufacturing industry. During the empirical studies four important parts were
studied: organising, knowledge development, collaboration and the development process.
The main findings revealed that development of new manufacturing technology is often conducted in
collaboration with external partners and many ad hoc decisions are taken due to lack of a predefined
development process for the fuzzy front end of manufacturing technology development. In addition, in
the fuzzy front end access to relevant manufacturing knowledge is important and knowledge needs to
be developed in order to reduce technology uncertainty.
In order to support the fuzzy front end of manufacturing technology development projects, a supporting
framework has been developed. The proposed framework is an elaboration of results from the research
questions addressed and can be used as a guideline to overcome the challenges observed in the fuzzy
front end of manufacturing technology development projects. The framework is built on two important
dimensions for innovations, degree of technology uncertainty and degree of novelty. The critical factors
identified in the analysis are embedded in the proposed framework as central parts in the fuzzy front
end of manufacturing technology development.
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ABSTRACT
It is well known that a way of competing on a global market is through the
introduction of new manufacturing technologies in the production system that can
improve product quality as well as contribute to reducing manufacturing time,
reduced product price and in the end increased profits. Manufacturing companies
that have the ability to continuously develop and introduce new manufacturing
technologies can differentiate themselves from others and thus achieve increased
competitiveness. To facilitate a successful introduction of new manufacturing
technologies, the fuzzy front end has been identified as a key to success in
manufacturing technology development. However, the fuzzy front end of
manufacturing technology development is characterized by a high degree of
technology uncertainty and challenges due to the lack of access to relevant
knowledge, lack of a structured development process, and lack of enough
resources that are working with development of new manufacturing technologies.
Despite the importance of front end activities to effective manufacturing
technology development only a few empirical studies have focused on the fuzzy
front end of manufacturing technology development. Prior research highlights that
little is actually known about what should be done in the fuzzy front end of
manufacturing technology development projects, and thus more research is
needed.
Accordingly the objective of the research presented in this thesis is to explore the
fuzzy front end of manufacturing technology development. In order to fulfil the
objective, empirical data were collected from six case studies conducted in the
manufacturing industry. In the cases studied, constituent parts and challenges in
the fuzzy front end of manufacturing technology development were analysed. The
findings revealed that the fuzzy front end of manufacturing technology
development consists of four sub-phases with overlapping activities. The fuzzy
front end of manufacturing technology development is defined as the earliest
development phases of a new manufacturing technology that starts with a need
and ends when it has proven that set requirements can be met. In addition, four
parts that are important for the fuzzy front end of manufacturing technology
development have been identified and in each part critical aspects have been
studied.
In order to support the fuzzy front end of manufacturing technology development
projects, a supporting framework has been developed. The proposed framework is
an elaboration of results from the research questions addressed and can be used as
a guideline to overcome the challenges observed in the fuzzy front end of
manufacturing technology development projects.

i

ii

SAMMANFATTNING
Det är välkänt att ett sätt att konkurrera på en global marknad är genom införandet
av nya tillverkningsteknologier i produktionssystemet som kan förbättra
produktkvaliteten och bidra till att minska tillverkningstiden, vilket resulterar i
lägre produktpris och i slutändan ökade vinster. Tillverkningsföretag som har
förmågan att ständigt utveckla och introducerar ny tillverkningsteknik kan
differentiera sig från andra och därmed uppnå ökad konkurrenskraft. För att
underlätta en framgångsrik introduktion av ny tillverkningsteknik har de tidiga
otydliga faserna identifierats som en nyckel till framgång vid utveckling av ny
tillverkningsteknik. De osäkra och otydliga tidiga faserna vid utveckling av ny
tillverkningsteknologi kännetecknas av en hög grad av teknologisk osäkerhet, och
utmaningar uppstår ofta på grund av brist på tillgång till relevant kunskap och
brist på strukturerad utvecklingsprocess och tillräckligt med resurser som arbetar
med utveckling av ny tillverkningsteknik.
Trots betydelsen av de tidiga utvecklingsaktiviteterna finns det bara några få
empiriska studier som har fokuserat på de tidiga och osäkra faserna vid utveckling
av ny tillverkningsteknologi. Tidigare forskning visar att lite faktiskt är känt om
vad som bör göras i de tidiga faserna i utvecklingsprojekt av ny
tillverkningsteknologi, och således behövs mer forskning.
Således är syftet med den forskning som presenteras i denna avhandling att
utforska de tidigaste och oklara faserna vid utveckling av ny
tillverkningsteknologi. För att uppfylla målet har empiriska data samlats in från
sex fallstudier utförda inom tillverkningsindustrin. I de studerade fallen har
beståndsdelar och utmaningar i de tidiga och oklara faserna av utveckling av ny
tillverkningsteknologi analyserats. Resultaten avslöjar att de tidigaste faserna vid
utveckling av ny tillverkningsteknologi består av fyra faser med överlappande
aktiviteter. De tidiga oklara faserna vid utveckling av ny tillverkningsteknologi
definieras som att starta från ett behov och slutar när de satta kraven har bevistas
kunna uppfyllas. Dessutom har fyra delar som är viktiga för de tidigaste
utvecklingsfaserna av ny tillverkningsteknologi identifierats och i varje del har
kritiska aspekter studerats.
För att stödja de tidigaste och oklara faserna i utvecklingsprojekt av ny
tillverkningsteknik har ett stödjande ramverk utvecklats. Det föreslagna ramverket
har arbetats fram med hjälp av svaren på forskningsfrågorna och kan användas
som riktlinje för att möta de utmaningar som observerats i de tidigaste faserna vid
utveckling av ny tillverkningsteknik.
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1 INTRODUCTION
CHAPTER INTRODUCTION
The first chapter establishes the importance of the research area – the fuzzy front end
of manufacturing technology development – and frames it into a context. Based on
the importance of developing new manufacturing technology, the research objective
is defined and the research questions are formulated. Further, the delimitations are
described, and the chapter concludes with an outline of the thesis.

1.1 THE IMPORTANCE OF NEW MANUFACTURING TECHNOLOGY
Manufacturing technologies that are new1 play a key role for companies to compete
as world-class manufacturers. Manufacturing companies that can develop and
introduce new manufacturing technologies in the production can differentiate
themselves from competitors and thereby increase their competitive advantages
(Small, 2006; Reinhart and Schindler, 2010). Development and introduction of a new
manufacturing technology in the production system can create new possibilities that
may make it necessary to change the whole production chain (Pisano, 1997). This
can affect both product design and production system design and thereby contribute
with long-term production system development on the one hand and on the other
hand give significant productivity improvements in the daily production (Bellgran
and Säfsten, 2010). By quickly taking advantage of new manufacturing technologies,
manufacturing companies can thus meet customer and market requirements
(Ordoobadi, 2009; Goyal and Grover, 2012).
In prior research the close link between product development and manufacturing
technology development has been highlighted, and these two areas must be
developed in parallel to be able to attain short lead time for products being developed
(Utterback and Abernathy, 1975). Development of new products often requires
development of new manufacturing technology, and manufacturing companies
constantly make changes to products and manufacturing technologies (OECD, 2005).
Manufacturing companies that have the capability to develop new manufacturing
technologies in a structured and systematic way will have fast ramp-up and short
time-to-volume for new products (Bellgran and Säfsten, 2010; Fjällström et al.,
2009). Accordingly, the development process for new manufacturing technologies is
an important factor for successful product introduction and production system
development.
A manufacturing technology is typically a production machine, and every
manufacturing technology in operations has been developed through some form of
1

In this thesis, the term new to the company refers to the degree of prior experience of the manufacturing
technology and the degree of change in the manufacturing technology relative to the manufacturing
technologies used in the production system.

1

explicit or implicit decision process (Baines, 2004). In this thesis, a new
manufacturing technology is defined as “a machine or an innovative production
method that creates value through transforming input into output and that is new or
advanced knowledge for a company compared to the current manufacturing
technology knowledge”2 (Baines, 2004; Abd Rahman and Bennett, 2009; Bauer and
Leker, 2013).
In the literature the earliest development phases are often referred to as the fuzzy
front end (Cooper, 2014; Frishammar et al., 2013; Reid and De Brentani, 2004;
Smith and Reinertsen, 1998). The fuzzy front end has been defined in both product
and production system development literature and is often described as a phase
starting with an idea or an opportunity (Kurkkio et al., 2011; Khurana and Rosenthal,
1998; Kim and Wilemon, 2002). In product development literature the fuzzy front
end is broadly described as the period between when an opportunity is first
considered and when the idea is judged ready to enter the formal development
process (Kim and Wilemon, 2002) and in production system development literature
as the phase between idea generation and full-scale experiments (Kurkkio et al.,
2011; Pisano, 1996; Hutcheson et al., 1996).
Activities in the fuzzy front end take place prior to the formal and well-structured
development process (often stage-gate process), and the fuzzy front end represents
one of the greatest opportunities for improving the overall development process
(Koen et al., 2001; Kim and Wilemon, 2002). In prior research, the fuzzy front end
phase is described as unstructured and experimental, performed by small project
teams, while the formal development process is structured and goal-oriented,
performed by large cross-functional teams (Kim and Wilemon, 2002; Kurkkio,
2010).
Although most authors seem to agree on the general characteristics of what
constitutes the fuzzy front end, there is no all-compassing definition. Still, in the
literature a variety of somewhat similar definitions prevails and the fuzzy front end is
often defined as the earliest development phases before the formal development
process (Kim and Wilemon, 2002; Kurkkio, 2010; Schoonmaker et al., 2013). The
fuzzy front end of manufacturing technology development can be seen as
development phases prior to the formal development process that is often an
acquisition process for standard machines (Kurkkio et al., 2011; Frishammar et al.,
2013; Hayes et al., 2005).
One industrial trend is that more development work for new products is performed in
advance3 in order to reduce development time in the formal development process
(Tidd et al., 2005; Trott, 2012). If development of a new product requires
development of a new manufacturing technology, this industrial trend forces
manufacturing companies to develop manufacturing technology in advance, since a
2

In this thesis manufacturing technology knowledge is seen as tacit knowledge about the manufacturing
technologies used in the production system, i.e., challenges and limitations, and the requirements that can be
fulfilled (Drejer and Riis, 1999)
3
In this thesis, in advance and pre-development refers to development activities in the fuzzy front end.

2

new manufacturing technology is a product in itself that requires development time
and resources. Therefore, the prerequisites for development of a new manufacturing
technology must be taken into account in the fuzzy front end of product development
projects (Bellgran and Säfsten, 2010).
Although it is possible to draw many parallels between the fuzzy front end of product
development and manufacturing technology development, they have different types
of development activities and they require different types of support (Lu and Botha,
2006). Also, the linkages between product development and manufacturing
technology development differ substantially across industries, and these differences
influence also the nature of the activities performed in the fuzzy front end (Pisano,
1996).
While much research work has concentrated on the fuzzy front end in product
development projects, the fuzzy front end in manufacturing technology development
projects has been largely neglected despite its importance (Frishammar et al., 2012,
2013; Kurkkio et al., 2011). In the literature only a few empirical studies that explore
the fuzzy front end of manufacturing technology development can be found (Kurkkio
et al., 2011; Frishammar et al., 2011; Parida et al., 2016); they have been carried out
primarily in the process industry (Lager and Frishammar, 2010; Kurkkio et al., 2011;
Pisano, 1996; Lim et al., 2006). Prior research highlights that little is actually known
about what is done in the fuzzy front end of manufacturing technology development
projects and more research is needed (Rönnberg Sjödin, 2013b; Kurkkio et al.,
2011). Thus, as to a background where the fuzzy front end activities are emphasised
as critical for the successful development of new manufacturing technologies, this
thesis aims to shed light on the fuzzy front end phase of manufacturing technology
development.

1.2 CRITICAL DIMENSIONS IN THE FUZZY FRONT END
In order to gain and sustain a competitive advantage, manufacturing companies need
to have the capability to innovate related to new manufacturing technology and
manufacturing knowledge (Frishammar et al., 2012). In prior research, development
of new manufacturing technology has been described from an innovation perspective
(Kurkkio et al., 2011; Cooper, 2008). According to OECD (2005), all innovations
(e.g., new manufacturing technologies) must contain a degree of novelty; often three
concepts for the novelty of innovations are discussed: new to the company, new to
the market and new to the world (OECD, 2005; Lager and Frishammar, 2012; Bruch
and Bellgran, 2014).
New to the company refers to the degree of prior experience of the manufacturing
technology and the degree of change in the technology relative to prior
manufacturing technologies used in the company (Stock and Tatikonda, 2004; Lager
and Frishammar, 2012). A manufacturing technology that is very new to a
manufacturing company (which would reflect a high degree of novelty to the
company) would mean that the manufacturing company has poor knowledge about
the manufacturing technology (Stock and Tatikonda, 2004; Lager and Frishammar,
3

2012). The concepts new to the market and new to the world concern whether or not
a certain manufacturing technology has already been implemented by other
companies, or whether a company is the first in the market or industry or worldwide
to have implemented it (OECD, 2005; Lager, 2002; Lager and Frishammar, 2012).
The definition new to the world implies a higher degree of novelty than new to the
market.
Technology uncertainty can be described as the difference between the level of
knowledge required by the manufacturing company to develop and introduce a
manufacturing technology in the production system and the level of knowledge the
manufacturing company actually possesses (Stock and Tatikonda, 2004). Technology
uncertainty is typically highest in the earliest phases of the development process, i.e.,
the fuzzy front end, and knowledge needs to be developed in order to reduce risk.
The main task of the activities conducted in the fuzzy front end is to reduce
technology uncertainty and bring order to chaos, whereas in the later phases a more
structured approach is suitable when new knowledge has been developed (Kurkkio,
2010). This implies that manufacturing companies’ knowledge base affects
development of new manufacturing technology and the knowledge is embedded in
the organisation at different levels and forms.
Development of new manufacturing technology is often performed in collaboration
with external partners; previous research reveals the importance of a strong trusting
relationship (Abd Rahman et al., 2009; Kotabe et al., 2003; Abd Rahman and
Bennett, 2009). Manufacturing companies can be divided into those that have
developed new manufacturing technologies mainly on their own or in collaboration
with other companies or public research organisations and those that have adopted
manufacturing technologies mainly developed by other companies (OECD, 2005).
Thus, the degree of collaboration affects the development of new manufacturing
technology, and development takes time, involves people and experiments and
requires learning (Trott, 2012). Often there are conflicting organisational
perspectives when it comes to how resources shall be spent between product and
manufacturing technology development projects (Hayes et al., 2005).
Prior research has shown that development of new manufacturing technology is a
complex task and the introduction of new manufacturing technologies in the
production system is a change of an element in a larger system (Hubka and Eder,
1988). To avoid suboptimisation it is critical to have a system perspective and
holistic thinking in order to support long-term production system development
(Bruch and Bellgran, 2014).

1.3 OBJECTIVE AND RESEARCH QUESTIONS
The discussion so far can be summarised by stating three conclusions. First,
development and introduction of new manufacturing technologies in the production
system can differentiate manufacturing companies from competitors and thereby
increase their competitive advantages. Second, the fuzzy front end starts before the
formal development process and represents one of the greatest opportunities for
4

improving the overall development process. In the literature only a few empirical
studies that study the fuzzy front end of manufacturing technology development can
be found; they have primarily been carried out in the process industry. Third,
development of new manufacturing technology is characterised by two key
dimensions, degree of novelty and degree of technology uncertainty. Both these
dimensions need to be managed in the fuzzy front end of manufacturing technology
development projects, thus bringing the research area in this thesis into focus.
However, although previous studies clearly contribute to the literature of explaining
the fuzzy front end of manufacturing technology development, they do not focus
explicitly on the importance of and relationship between these two key dimensions in
the fuzzy front end phase. Most of the theories on the fuzzy front end of
manufacturing technology development originate from the field of product
development, while theories in production system development rarely focus on the
earliest development phases of new manufacturing technologies. Addressing the gaps
in the literature as well as industrial practical needs, the research objective was
formulated as follows:
In order to support the development of new manufacturing technologies, the
objective is to explore the fuzzy front end of manufacturing technology development.
Exploring the fuzzy front end of manufacturing technology development is seen as a
means to develop a deeper understanding that can facilitate development of new
manufacturing technologies, thus supporting long-term production system
development.
In order to fulfil the research objective two research questions have been formulated
to guide the research. The research questions were formulated as follows:
RQ 1: What constitutes the fuzzy front end of manufacturing technology
development?
RQ 2: What are the challenges in the fuzzy front end of manufacturing technology
development?

1.4 DEFINING AND DELIMITING THE RESEARCH AREA
In this thesis, the objective is to explore the fuzzy front end of manufacturing
technology development. By answering the two research questions, the intended
outcome is expected to be a framework that supports the fuzzy front end of
manufacturing technology development. To achieve this calls for a structure that
enables the assimilation and utilisation of the knowledge developed. Therefore, a
manufacturing technology development framework will be created in order to
visualise the findings of the research presented in this thesis and to explain and
support the fuzzy front end of manufacturing technology development.
In order to achieve the objective of the thesis, studying the fuzzy front end phase(s)
in manufacturing technology development projects is crucial. The cases studied were
selected based on degree of novelty and degree of technology uncertainty for the
case companies. Knowledge had to be developed and the differences between the
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cases gave valuable insights regarding how knowledge is developed as well as
challenges in the fuzzy front end. The different characteristics of the cases made it
possible to compare differences and similarities in the fuzzy front end of
manufacturing technology development projects. Further, in the cases studied, the
fuzzy front end phase and its activities were not defined. It is important to note that
type of manufacturing technology, development conditions and development
processes used varied between the cases studied.
As mentioned in Section 1.1, there is a lack of research on the fuzzy front end of
manufacturing technology development and more research is needed (Kurkkio et al.,
2011). The research presented contrasts with prior research by studying the fuzzy
front end of manufacturing technology development in the manufacturing industry.
The manufacturing companies where the case studies were conducted are
characterised by high-volume production and complex products. It is also important
to note that the empirical data were collected in global companies having batch and
line production as well as machining and assembly of components.
From the literature different important aspects related to the fuzzy front end of
manufacturing technology development have been reviewed. Since many terms are
used and described differently between authors, these terms have been interpreted in
the thesis based on current understanding. For example, process development is a
broad and ambiguous term with multiple meanings (see Section 2.1.2). In this thesis,
process development literature with a focus on the fuzzy front end of manufacturing
technology development has been included.
Finally, the fuzzy front end of manufacturing technology development can be studied
from different perspectives. The perspective used in this research has been from the
case company side, i.e., collaboration projects with external partners have only been
studied from and at the manufacturing company. As a result, the thesis ignores the
perspective from the partner side in collaboration projects. This does not mean that
the perspective from the partner side is irrelevant, but it falls outside the scope of the
thesis. Further, although the research presented in this thesis studies the fuzzy front
end of manufacturing technology development projects, it does not focus on project
management issues. The focus of the research is on critical and needed parts in the
fuzzy front end and thus project management issues are only discussed in relation to
where they affect the outcome of the development process.
Based on the delimitations, caution is needed if comparing the empirical findings and
conclusions outside the context studied.

1.5 OUTLINE OF THE THESIS
The thesis is divided in two main parts: (1) the summarising chapters and (2) the
appended papers.
In Part 1, the structure is as follows: Chapter 1 introduces and describes the
background of the research area and presents the objective of the thesis along with
the research questions and the delimitations of the research. In Chapter 2 the frame
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of reference is presented focusing on manufacturing technology development and
challenges in the fuzzy front end of manufacturing technology development. Chapter
3 presents the research methodology, where first research approach and the role of
the researcher are described. The research method chosen and the applied research
process are then presented followed by the studies conducted and the data collection
and data analysis process. The chapter concludes with a discussion of the quality of
the research. Chapter 4 provides an overview and summary of the findings from the
six empirical studies, which are then analysed in Chapter 5. In Chapter 6 the
proposed framework supporting the fuzzy front end of manufacturing technology
development is presented. Finally, Chapter 7 concludes the thesis by discussing and
summarising the research and its results. That chapter also includes discussions
regarding the contribution as well as suggestions for future research.
In Part 2, six papers written during the course of the PhD studies are appended. Paper
I investigates factors that affect development of new manufacturing technology and
addresses the overall research focus of this thesis, i.e., the fuzzy front end of
manufacturing technology development. Paper II focuses on factors that affect
development of new manufacturing technology in collaboration with a new
equipment supplier. Paper III deals with knowledge development through knowledge
integration in the fuzzy front end of manufacturing technology development. Paper
IV treats the fuzzy front end of manufacturing technology development and
investigates key activities therein. Paper V discusses prerequisites and a way of
organising the fuzzy front end of manufacturing technology development projects.
Paper VI investigates knowledge integration during a manufacturing technology
development project.
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2 FRAME OF REFERENCE
CHAPTER INTRODUCTION
This chapter presents the frame of reference of this research. The theoretical
considerations are divided into two parts central to this research area: manufacturing
technology development and the fuzzy front end of manufacturing technology
development. The chapter concludes with a short summary of the theoretical review.
Since the fuzzy front end of manufacturing technology development is a
multidisciplinary research area, this chapter includes a theoretical overview of
relevant fields and topics as well as results and conclusions from previous research
related to the fuzzy front end of manufacturing technology development.

2.1 MANUFACTRING TECHNOLOGY DEVELOPMNET
2.1.1 Manufacturing technology as part of a production system
Before dealing with the research concerning the fuzzy front end of manufacturing
technology development, it is important to understand the underlying terms of the
research. Since the meaning of terms varies among different authors, those adopted
in this research will be defined in the first section.
As described in Section 1.1., in this thesis a new manufacturing technology is defined
as “a machine or an innovative production method that creates value through
transforming input into output and that is new or advanced knowledge for a company
compared to the current manufacturing technology knowledge” (Baines, 2004; Abd
Rahman and Bennett, 2009; Bauer and Leker, 2013). This definition implies that a
new manufacturing technology is a transformation process that creates value for the
manufacturing company. In a greater scope, development of a new manufacturing
technology is a change of an element in a larger system.
The term “system” refers to a finite set of elements that have a relationship to each
other and to the environment and that under well‐defined rules should form a whole
(Hubka and Eder, 1988). Hubka and Eder (1988) point out that systems constitute a
hierarchy, meaning that a system is always a constituent part of a super system, while
at the same time it can itself be divided into subsystems. A system can therefore be
defined as a finite set of elements collected to form the whole under certain welldefined rules, whereby certain definite relationships exist between the elements and
their environment (Hubka and Eder, 1988, p. 244).
When adding the word “system” to “production” it refers to the actual physical
system in which the transformation from input into desired output takes place. A
production system can be described in different ways depending on the perspectives
of observers. Bellgran and Säfsten (2010) define the production system as a
transformation of input to output, i.e., transformation of raw material to finished
product. The transformation from raw materials to products requires technology,
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humans, energy and information that are organised and controlled in the best way
(Bellgran and Säfsten, 2010). The production system thus represents the
manufacturing company’s ability to manufacture a product and includes not only
physical artefacts of manufacturing technology but also operational routines and
processes required to manufacture the product (Pisano, 1997).
In this research, a production system is defined as “an interacting combination at any
level of complexity, of people, material, tools, machines, software facilities, and
procedures designed to work together for some common purpose” (Chapanis, 1996,
p. 22).
Based on the above discussion it can be concluded that development of a new
manufacturing technology can be seen as development of a subsystem in the
production system, where the production system includes all activities and elements
needed to transfer a set of inputs to products and services.
2.1.2 Manufacturing technology development process
In the literature different terms denoting a ”phase” can be found, and often stage,
process and phase are used interchangeably among different authors (Frishammar
and Florén, 2008). This makes it sometimes difficult to compare different authors’
development processes without any explicitly stated definition of a process.
In this thesis a process is seen as “a series of phases constituted of activities that are
followed by Go/No go decision points” (Cooper, 2008).
Both product development and manufacturing technology development usually
follow a predefined development process, and a well-defined development process is
useful for quality assurance, coordination, planning, management and improvement
(Ulrich and Eppinger, 2008). Development processes are often company-specific and
no single development process fits all types of development projects; names and
number of phases differ depending on the purpose of the development project
(Kurkkio et al., 2011; Salerno et al., 2015).
As discussed in the introduction, the fuzzy front end takes place prior to the formal
and well-structured development process (Koen et al., 2001; Kim and Wilemon,
2002). The fuzzy front end of manufacturing technology development has been
partly described in process development literature. The term “process development”
is difficult to interpret without any explicitly stated definition. In the literature
reviewed, process development has been defined in several different ways and the
term has multiple meanings (Davenport, 2013). In the literature, the term process
development is commonly used for describing production development in process
industry and from an innovation perspective (Gopalakrishnan et al., 1999; Lager,
2002; Frishammar et al., 2013).
According to Lager (2002), process development generally refers to the development
of companies’ manufacturing processes. Process development presupposes the
introduction of new elements into the production system, for example, new input
materials, new knowledge or new manufacturing technology used to manufacture a
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product (Gopalakrishnan et al., 1999; Reichstein and Salter, 2006). Pisano (1997)
describes process development as a company’s ability to make a product or a set of
products, which involves both the physical artefacts of production, the manufacturing
technology and the operational procedures and routines employed to make products.
In this thesis, the term “manufacturing technology development” is used, since the
term “process development” is broad and ambiguous. Based on process development
literature focusing on development of new manufacturing technologies,
manufacturing technology development is seen as “a manufacturing company’s
ability to develop a new manufacturing technology with the purpose of creating or
improving methods of manufacturing” (Gopalakrishnan et al., 1999; Lager, 2002;
Frishammar et al., 2013).
The development of new manufacturing technology is often performed in
collaboration with external partners. In the literature different scales have been
developed to classify manufacturing technologies based on the degree of novelty and
the right time to collaborate with equipment suppliers. Degree of novelty is an
abstract term and therefore different approaches have been developed in order to
classify new manufacturing technologies depending on how well known and proven
they are. Lager and Hörte (2002) suggest the following degrees of novelty by
classifying manufacturing technologies into three categories: (1) low: the
manufacturing technology is well known and proven (can often be purchased), (2)
medium: the manufacturing technology is an improvement of previously known
technology (incremental manufacturing technology development) and (3) high: the
manufacturing technology is completely new and highly innovative (breakthrough or
radical development). This classification scale has been further developed by Lager
and Frishammar (2012), who present a two-dimensional matrix suggesting that
collaboration with an equipment supplier should be based on the degree of novelty.
The first dimension describes the complexity of the manufacturing technology for
the company and the second dimension the degree of novelty of the manufacturing
technology to the market.
Another aspect discussed in the literature is readiness level of new technologies. In
both product development and manufacturing technology development literature,
readiness level scales for classification and assessment of new technologies have
been developed (DoD, 2012; Mankins, 2009). These scales build on incremental
development, and assessment of readiness level shall be carried out at each level
against assessment criteria in order to minimise risks. The most known readiness
level scale is the Technology Readiness Level (TRL) scale developed by NASA
(Mankins, 1995, 2009). A less known scale is the Manufacturing Readiness Level
(MRL) scale developed by the U.S. Department of Defense (2012). Both these
readiness scales cover development of new technologies from R&D to introductionready.
A common denominator for the reviewed classification scales is that new
manufacturing technologies need to be evaluated and assessed. In general, an
evaluation is to determine the “value”, “usefulness” or “strength” of a solution with
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respect to a given objective (Pahl et al., 2007, p. 110). An evaluation involves a
comparison of concept variants or, in the case of comparison with imaginary ideal
solutions, a “rating” or degree of approximation to that ideal (Pahl et al., 2007). An
evaluation is the activity which, in most cases, precedes a decision (Derelöv, 2009).
The objective of an evaluation is to collect and compare information from different
alternatives.
In this thesis an evaluation is regarded as the methodical process of investigating and
judging a new manufacturing technology in the light of certain criteria, or the result
of that process (Säfsten, 2002).
As the expression indicates, evaluation and decision making are two separate parts:
one evaluation part and one decision-making part. Even if evaluation and decision
making are often closely associated with each other when discussing design issues, it
is important to keep in mind that they are, in theory, two widely different activities
(Derelöv, 2009). An assessment on the other hand deals with three main issues,
knowledge, judging and use of result (Säfsten, 2002).
In this thesis, assessment is defined as “points during the development process when
a new manufacturing technology is assessed in the light of certain criteria, and the
result of that assessment” (based on Säfsten, 2002).
Based on the above discussion a general process can be described as follows:
1. Evaluation – specifying goals and requirements.
2. Evaluation – collecting and comparing information from different alternatives.
3. Evaluation – a point in time when the information is assessed against set goals
and requirements.
4. Decision making – decision about how to proceed further.
An overall conclusion from the literature is that both degree of novelty and readiness
level should be assessed in the fuzzy front end, and for that relevant knowledge is
needed.
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2.2 THE FUZZY FRONT END OF MANUFACTURING TECHNOLOGY
DEVELOPMENT
2.2.1 The fuzzy front end as a development process or a phase
In prior research the fuzzy front end has been described in different ways; the term is
often referred to as the “front end” by scholars (e.g., Kurkkio et al., 2011; Khurana
and Rosenthal, 1998). The term fuzzy front end is considered to represent the earliest
phase of the development process (Reid and De Brentani, 2004). In product
development literature, the fuzzy front end is often described as starting with the
surfacing of an idea or opportunity. For example, Kim and Wilemon (2002, p. 269)
define the fuzzy front end of product development as the period between when an
opportunity is first considered and when an idea is judged ready for development.
Khurana and Rosenthal (1998) characterise the fuzzy front end to include product
strategy, formulation and communication, opportunity identification and assessment,
idea generation, product definition, project planning and executive reviews.
Schoonmaker et al. (2013) describe the fuzzy front end as the phase between R&D
and the beginning of formal new product development.
In process development literature the fuzzy front end has been described in a
different way than in product development literature. Kurkkio et al. (2011) describe
the fuzzy front end phase of manufacturing technology development in process
industry as the period between idea generation and full-scale experiments. Lager
(2000) defines the fuzzy front end phase of manufacturing technology development
in process industry as the period between idea generation and when the results are
ready for transferring to production.
Since the start to the fuzzy front end is described as starting with an idea, the budget
is typically small or non-existent and the tasks are performed by a small group or one
single individual (Kim and Wilemon, 2002). The development of the idea is an
iterative process with low degree of formalisation, and the idea can easily be rejected
(Kim and Wilemon, 2002; Kurkkio et al., 2011). The fuzzy front end has also been
described in the literature as ill-defined, uncertain and complex and consisting of a
crossroads of complex information processing (Khurana and Rosenthal, 1998; Kim
and Wilemon, 2002). The main characteristics of the fuzzy front end are tacit
knowledge, conflicting organisational pressure, ad-hoc decision making and being
unstructured with a high degree of experimentation (Khurana and Rosenthal, 1997;
Montoya‐Weiss and O'Driscoll, 2000).
From these descriptions it can be concluded that the fuzzy front end often starts with
an idea or idea generation and ends when an idea is judged ready for development.
Thus, the fuzzy front end of manufacturing technology development can be regarded
as the earliest development phases when developing the manufacturing technology.
In Table 1, some characteristics of the fuzzy front end phase are summarised.
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Table 1 – Summary of characteristics of the fuzzy front end phase

Start and end

The fuzzy front end of
manufacturing technology
development
Idea generation to …

The fuzzy front end of product
development
Idea or opportunity to…

Idea generation to full-scale
experiments.
Activities and Creation of preliminary
characteristics manufacturing technology concepts
Definition of project objectives
Feasibility analysis
Full-scale test
Idea generation
Informal discussion
Iterative development
Laboratory and pilot plant tests
Preliminary bench test
Project planning
Simulation
Strategic assessment
Pisano, 1996; Kurkkio et al., 2011;
References
Lu and Botha, 2006; Lager and
Frishammar, 2010; Frishammar et
al., 2013

Between R&D and the beginning
of the formal development process.
Executive reviews
Experimentation
Formulation and communication
Idea generation
Inadequate definition
Iterative development
Opportunity identification and
assessment
Product definition
Project planning
Small budget
Small project groups
Uncertainty
Khurana and Rosenthal, 1998; Kim
and Wilemon, 2002; Montoya‐
Weiss and O'Driscoll, 2000;
Schoonmaker et al., 2013

In the literature, the fuzzy front end of manufacturing technology development is
often described as a process that goes from learning before doing to learning by
doing (Pisano, 1996). The development conditions range from simulation and smallscale laboratory setting to laboratory tests and pilot plant tests (Pisano, 1996;
Kurkkio et al., 2011). In Figure 1, development conditions in relation to different
learning modes are presented.
Development conditions

Learning via
experimentation
Experimentation

Learning mode

Technology
uncertainty
Low

Full-scale commercial
By doing
production site
Pilot plant located at
production site
Pilot plant located at
development site
Laboratory
Computer-aided simulation
Theory, algorithms
Idea
Before doing
High
Figure 1 – Development conditions and learning modes (modified based on Hayes et al.,
2005, p. 210, and Lu and Botha, 2006, p. 2990).
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The key is the development conditions for an idea and the activities used for
development of that idea. Pisano (1996) points out that one way to distinguish
between experimental forms is the extent to which the experiments are conducted
under conditions representative of the final use environment.
The fuzzy front end of manufacturing technology development starts with an idea
that is refined, and the early development activities are of an exploratory nature
(Lager et al., 2010). Ideas for development of new manufacturing technology are
often unclear, containing multiple loose ends. Kurkkio et al. (2011) discuss that ideas
either come from top management or middle management and the triggers to new
ideas are related to cost reduction and quality problems with the existing products.
In prior research, only a few empirical studies actually describe the activities that are
performed in the fuzzy front end of manufacturing technology development projects.
Often the fuzzy front end of manufacturing technology development is described at a
high level as technically difficult, time-critical and competitively important (Lu and
Botha, 2006). A clear understanding of the intended outcomes from the fuzzy front
end is needed; Frishammar et al. (2013) found that companies in the process industry
use experiments to different degrees to evaluate the manufacturing technology and
the risks. Kurkkio et al. (2011) describe the fuzzy front end of process development
in the process industry as having four different phases: 1) informal start-up, 2) formal
idea study, 3) formal pre-study and 4) formal pre-project. The fuzzy front end is an
iterative trial-and-error process, dominated by activities such as idea generation and
refinement, literature reviews, anticipation of end-product changes and various forms
of experiments in bench-scale, lab-scale and full-scale production (Kurkkio et al.,
2011).
2.2.2 Collaboration in the fuzzy front end of manufacturing technology
development
A variety of factors that affect collaboration in the fuzzy front end of manufacturing
technology development projects can be found in the literature. Prior researchers
have highlighted that development of new manufacturing technologies is often
performed in collaboration with external partners (e.g., equipment suppliers,
technology suppliers, research institutes, etc.) (Abd Rahman and Bennett, 2009;
Baines, 2004; Kurkkio et al., 2011). In collaboration projects with external partners
one challenge in the fuzzy front end phase can be that the external partner becomes
responsible for the design and subsequent building of the manufacturing technology.
As a result, manufacturing companies become dependent on their external partners’
capabilities to develop a new manufacturing technology that ensures high operation
performance (Lager and Frishammar, 2010).
Another challenge in collaboration projects is the geographical distance between the
manufacturing company and the external partner. Gertler (1995) found that
geographical distance and location affect communication and different time zones
reduce the number of hours of the day during which both the manufacturing
company and the external partner are operating. Further, Rönnberg-Sjödin (2013a)
15

emphasises the importance of selecting the right partners to collaborate with in
manufacturing technology development projects.
Several research studies have shown that to be able to understand and utilise the
capabilities of external partners, manufacturing companies need to work closely with
their external partners (Lee et al., 2009; Abd Rahman and Bennett, 2009).
Collaboration with external partners is a matter of trust, and manufacturing
companies with a closer relationship with their external partners are more likely to
achieve higher levels of manufacturing technology and implementation performance
than those without such relationship (Abd Rahman and Bennett, 2009). Trust is built
over time and requires a good equipment–supplier relationship. Also, Pisano (1997)
points out that those companies that access new manufacturing technologies through
external partners can accomplish faster market introductions, lower development
risks and improved productivity (Abd Rahman and Bennett, 2009).
Collaboration projects with external partners require that the external partner gets
access to relevant and necessary information from the manufacturing company
(Bruch, 2012; Abd Rahman and Bennett, 2009). A key problem in collaboration
projects is related to the fact that information is not shared or jointly understood by
the partners (Rönnberg Sjödin, 2013b).
The most common factors that characterise and affect manufacturing technology
development projects carried out in close collaboration with external partners are
 information sharing
 prior collaboration and relationship with the external partner
 trust
2.2.3 Knowledge development in the fuzzy front end of manufacturing
technology development
Knowledge is essential for competitive strength; a manufacturing company holds
substantial elements of tacit knowledge that are difficult to identify and describe
(Drejer and Riis, 1999), and development of new knowledge creates competitive
advantages. In order to gain and sustain a competitive advantage, manufacturing
companies need to have the capability to develop new manufacturing technology and
knowledge (Frishammar et al., 2012).
In the fuzzy front end of manufacturing technology development projects,
knowledge and knowledge development are needed in order to reduce technology
uncertainty. In the literature numerous classifications have been proposed in order to
clarify what knowledge is. One of the most commonly described differentiations of
knowledge is that into explicit knowledge and tacit knowledge (Nonaka, 1994;
Polanyi, 1967). Explicit knowledge is formal knowledge that can be relatively easy
to express, articulate, share and transfer (Nonaka, 1994). It consists of facts, rules,
relationships and policies that can be found not only in an organisation’s documents
and repositories, but also in organisational routines, processes, practice and norms
(Davenport and Prusak, 1998; Nonaka, 1994). Tacit knowledge on the other hand is
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deeply rooted in an individual’s actions and experience as well as in ideals, beliefs or
emotions, which cannot be conveniently expressed or written down to communicate
or share with others (Polanyi, 1967). As Polanyi (1967) describes it, “we can know
more than we can tell”.
In order to reduce technology uncertainty, knowledge has to be developed and
integrated. Knowledge integration theory builds on four major theoretical streams:
competition as a dynamic process, the resource-based view of the company,
organisational capabilities and competences, and organisational knowledge and
learning (Grant, 1996a, 1996b). Grant (1996a) states that the heart of this theory is
the idea that the primary role of the company and the essence of organisational
capability is the integration of knowledge. Further, knowledge integration can be
divided into three main approaches, (1) sharing or transferring knowledge, (2) use of
similar/related knowledge, (3) a combination of specialised, differentiated but
complementary knowledge (Berggren et al., 2013; Okhuysen and Eisenhardt, 2002).
In this thesis knowledge integration is seen as the combination of specialised,
differentiated but complementary knowledge, and the knowledge integration process
involves the actions of group members in the fuzzy front end phase by which they
share their individual knowledge within the group and combine it to create new
knowledge (Okhuysen and Eisenhardt, 2002).Therefore, a manufacturing company’s
interactions and relationships with its external network of customers, suppliers,
competitors and collaborators play an important role in bringing valuable knowledge
into the organisation and for generating new manufacturing technologies (Soo et al.,
2007).
Acquiring knowledge about technology takes time and involves people and
experiments, and to exploit technological opportunities, manufacturing companies
need to be on the “technology escalator” (Trott, 2012). The manufacturing company
needs to have the ability to utilise the knowledge obtained from outside the own
organisation, thus the absorptive capacity is important (Cohen and Levinthal, 1990),
i.e., the ability of an organisation to recognise the value of external information,
assimilate it and apply it.
2.2.4 Organising the fuzzy front end of manufacturing technology
development
In the fuzzy front end of manufacturing technology development the activities are
conducted at an individual level or by a small group up to pilot plant level or fullscale production site level (Pisano, 1996; Kurkkio et al., 2011; Lu and Botha, 2006;
Frishammar et al., 2013).
The activities carried out in the fuzzy front end of manufacturing technology
development projects is often described in the literature as being performed in a pilot
plant and as multifaceted (Hellsmark et al., 2016; Pisano, 1996; Lager et al., 2010).
According to Frishammar et al. (2015), pilot plants represent bridges between basic
knowledge development and technical breakthroughs on the one hand and creating
first commercial products on the other hand. Thus, a pilot plant is a key element in
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the fuzzy front end of manufacturing technology development projects and
represents arenas for experimentation, located between the small-scale trials in
industrial laboratories and full-scale production (Frishammar et al., 2015). Hellsmark
et al. (2016) highlight the fact that although investments in pilot plants are central for
advancing new knowledge, surprisingly little academic research has been conducted
that analyses the role of such production sites. Also, Frishammar et al. (2015) discuss
the fact that pilot plants seem to be used mainly in process industries.
Another term that is discussed in the literature is centre of excellence. Adenfelt and
Lagerström (2008) define a centre of excellence as subsidiaries selected by
headquarters, as it possesses distinct knowledge in a certain field. A centre of
excellence has an indeterminate responsibility for developing and sharing knowledge
with other subsidiaries, and in the literature there are many different definitions of a
centre of excellence (see, e.g., Reger, 2004). The two terms pilot plant and centre of
excellence mainly differ in the view of a production site, and the common
denominator is knowledge, i.e., knowledge development and knowledge sharing.
Based on the importance of developing and sharing knowledge in the fuzzy front end
of manufacturing technology development, it is also relevant to consider how
resources4 are spread between the functions production engineering/production
development versus product development and construction. Resource allocation in
production engineering affects the development of new manufacturing technologies
(Bellgran and Säfsten, 2010). Hayes et al. (2005) point out that the resources spent
on finding and developing new emerging manufacturing technologies are often very
scarce. In the literature, studies about development projects reveal that missing the
right knowledge and lack of cross-functional teams to undertake the project are
important factors (Bellgran and Säfsten, 2010; Cooper, 1994, 2011). The lack of true
cross-functional teams is a major fail point in many development projects (Cooper,
2011). Too many manufacturing companies take on too many projects without regard
for the limited availability of development resources (Ulrich and Eppinger, 2008). As
a result, production engineers and managers are assigned to more and more projects,
productivity drops off dramatically, projects take longer to complete, products get
later to the market and the profits are lower.
One way to monitor development projects and resources is aggregate planning.
Aggregate planning helps an organisation make efficient use of its resources by
pursuing only those projects that can reasonably be completed with the budgeted
resources (Ulrich and Eppinger, 2008). In the aggregate planning process, an
organisation may find that it is in danger of overcommitting resources. Therefore the
organisation must decide in the planning stage which projects are more important to
the success of the company and pursue those with adequate resources. Other projects
may need to be eliminated from the plan or shifted in time (Ulrich and Eppinger,
2008). In the last decades, different approaches have been developed to support
strategic and long-range planning, such as technology road mapping (Phaal et al.,
2004, 2011; Bruch and Bellgran, 2014). According to Phaal et al. (2004), technology
4

Resources denote staff working with development of new manufacturing technologies.
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road mapping is a flexible technique that is widely used in the manufacturing
industry to support strategic and long-range planning.

2.3 SUMMARY OF THE FRAME OF REFERENCE
The frame of reference reveals that there is only a small amount of research that
explicitly focuses on the fuzzy front end of manufacturing technology development,
i.e., development phases, activities and challenges. The major part of the research
concerns either the fuzzy front end of product development or different aspects of
manufacturing technology development Thus, there is a need for further research
with respect to the fuzzy front end phase in manufacturing technology development
projects. The frame of reference presented does not only define the focus of the
research and its limits; it is also a central tool that guides data collection and analysis.
The frame of reference directs data collection to avoid ending up in a situation where
the evidence does not address the initial research questions. In addition, the frame of
reference is also used during the analysis of the data, which is a continuous interplay
between theory and data (Eisenhardt, 1989; Miles and Huberman, 1994).
Table 2 highlights identified subelements that are important for the fuzzy front end
of manufacturing technology development projects.
Table 2 – Important parts and subelements in the fuzzy front end of manufacturing
technology development
Important parts

Subelements

The fuzzy front end

Assessment
Degree of novelty
Development activities (see Table 1)
Development conditions (see Figure 1)
Readiness level
Knowledge sharing
Prior collaboration and relationship with equipment
suppliers
Trust
Absorptive capacity
Actions of group members
Knowledge integration
Tacit knowledge
Aggregate planning
Cross-functional teams
Pilot plant
Portfolio management
Resource allocation

Collaboration

Knowledge development

Organising
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3 RESEARCH METHODOLOGY
CHAPTER INTRODUCTION
This chapter introduces the research methodology adopted starting with a description
about the research approach. Thereafter follows a presentation of the research
method followed by the research design. The description of the research design gives
an overview of the research studies conducted and thereafter data collection and data
analysis are specified for each case. Finally, the chapter concludes with a discussion
about the quality of the research.

The research process of the PhD studies started in December 2012 and can be
divided into two phases, before and after the licentiate thesis. The first phase of the
research process aimed at identifying factors that affect development of new
manufacturing technologies. The focus of the research was on factors that have an
impact on the successful introduction of new manufacturing technologies and how
new manufacturing technologies can be assessed. Already in the first study it was
highlighted that the fuzzy front end of manufacturing technology development
needed to be supported (see Paper I).
The first phase ended with the presentation of the licentiate thesis “Supporting predevelopment of new manufacturing technologies”. The final conclusion from the
research presented in the licentiate thesis was that the fuzzy front end of
manufacturing technology development is critical for successful development.
Further, it was concluded that the fuzzy front end of manufacturing technology
development is influenced by three areas, organising, strategy and a supportive
development process for the fuzzy front end of manufacturing technology
development. The empirical findings also indicated that knowledge and knowledge
development are important in the development of new manufacturing technology.
Based on the conclusions, the parts identified had to be further studied and analysed
in order to develop knowledge that can support the fuzzy front end of manufacturing
technology development.
Consequently, in the second phase, which started in mid-2015 after the presentation
of the licentiate thesis, the focus moved towards exploring how the fuzzy front end
of manufacturing technology development can be supported by combining the parts
identified in the licentiate thesis. Thus the findings presented in this thesis represent a
synthesis of the entire PhD process.

3.1 RESEARCH APPROCH
The overall purpose of this research is to develop a deeper understanding that can
facilitate development of new manufacturing technologies, thus supporting long-term
production system development. In this research a collaborative management
research (CMR) approach has been used (Shani et al., 2012). Pasmore et al. (2008)
describes collaborative management research as an emergent and systematic inquiry
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process, embedded in an agreed-upon partnership between actors with an interest in
influencing a certain system of action and researchers interested in understanding
and explaining such systems. According to Shani et al. (2012), collaboration implies
research efforts that include the active involvement of managers and researchers in
the framing of the research agenda, the selection and pursuit of methods and the
development of implications for action. Collaboration does not impose the
requirement of an equal partnership in each of these activities, although a more equal
partnership would be ideal (Shani et al., 2012).
Accordingly, the goal has been to develop new knowledge in both academia and the
manufacturing industry through collaboration with managers. One reason why a
CMR approach has been applied is that academic researchers are criticised for not
transferring the knowledge that they produce to industry (Van de Ven and Johnson,
2006). CMR is characterised by interaction with senior management, identification
of a research topic of mutual interest and research building on the past and taking
place in the present with a view to shaping the future (Shani et al., 2012, p. 48). In
this research a collaborative management research approach has been used associated
with the employment as an industrial PhD student (Shani et al., 2012).
The problems studied in this research have been discussed with managers at different
levels and organisational functions in order to develop a shared view of a critical
problem (Shani et al., 2012). This implies that the framing of the research focus and
the research design have been an iterative process together with managers. Thus, the
problem studied has been elaborated and discussed in collaboration with managers
(Shani et al., 2007; Pasmore et al., 2008), and the study has been conducted in close
collaboration with the manufacturing industry.
In order to provide a detailed understanding of the phenomenon studied, it was
necessary to study the fuzzy front end of manufacturing technology development in
its real-life context and as closely as possible (Voss et al., 2002; Yin, 2009).
Therefore it was also necessary to interact with employees 5 from different
organisational levels and functions that work in the fuzzy front end of manufacturing
technology development projects. Although CMR aims at coming as close as
possible to the phenomenon studied (Pasmore et al., 2008), it has been important to
keep the distance to the phenomenon studied and have time for reflection. The goal
of the research has been to explain the phenomenon studied without being
responsible for the implementation of the end results from this research.
The research has been of an explorative character and therefore a variety of data
collection techniques have been used. The findings of the research studies and from
prior researchers have been discussed with managers and employees to validate the
results, obtain feedback and develop knowledge. The writing of the present thesis
and the appended papers as well as the analysis of the empirical data has been an
individual undertaking.

5

Employees refers to employed staff not in a management position.
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3.2 RESEARCH METHOD
In order to answer the research questions presented in Chapter 1, it is important to
select a suitable research method. The research questions could be answered by
different research methods (Karlsson, 2009), but based on the research focus and the
character of the research questions a case study method was chosen (Yin, 2009; Voss
et al., 2002).
The first rationale for choosing a case study method is that a case study is a suitable
method for studying a phenomenon in its real-life context and in real time (Yin,
2009; Karlsson, 2009). Development of new manufacturing technologies is
conducted over a long period of time, and a case study allows studies of a
phenomenon over time (Karlsson, 2009). Karlsson (2009) describes that longitudinal
case studies are useful for studying processes of change and development inside
organisations. The longitudinal case studies in this research enabled development of
in-depth knowledge about the phenomenon studied (see Table 3). The second
rationale is that the case study method allows different data collection techniques to
gather a rich set of data from actual practice in order to facilitate the understanding
of the phenomenon studied; in this research mainly qualitative data have been
collected (Voss et al., 2002).

3.3 RESEARCH DESIGN
3.3.1 Number of cases
The fuzzy front end of manufacturing technology development can be addressed
under different development conditions, thereby being influenced by the specific
situation. As a result, it was found necessary to study multiple cases highlighting the
diversity of the phenomenon studied. In this, it was possible to minimise the risks
often related to a single‐case study such as misjudging a single event,
misinterpretation of the repetitiveness of the case, observer biases and limited ability
to generalise the case study results (Voss et al., 2002; Yin, 2009). The results in this
thesis are based on six real-time case studies (Cases A–F). Figure 2 gives an
overview of the research process and the case studies conducted.

Figure 2 – Overview of the research process and the case studies conducted.
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Conducting real-time case studies is time-consuming both for the researcher and the
participating company (Yin, 2009; Voss et al., 2002). The main advantage of realtime case studies is that the phenomenon observed is in its real-life context, which
allows data collection from direct observation (Leonard-Barton, 1990).
Four of the research studies are longitudinal embedded case studies that contribute
with identification of cause-and-effect relationship (Voss et al., 2002), while the
other two research studies are single embedded case studies (Yin, 2009; Voss et al.,
2002). Since the case studies have different designs and lengths, the amount of data
collected differs in each case. In this research, Case B is the main case, from which
most data have been collected over a longer period of time than, for example, Case
C.
A review of the literature has been ongoing throughout the research process; the
literature review was conducted to give an understanding of the research area and
previous research connected with it. The literature review has contributed directly to
identifying the research gap by giving an input to answer the research questions and
indirectly by providing a base for designing the empirical studies, analysing the data
and developing the research results.
3.3.2 Case selection
All case studies were conducted in the manufacturing industry. There are several
criteria for choosing cases only in the manufacturing industry. One criterion is the
employment as an industrial PhD that made it possible to explore the fuzzy front end
of manufacturing technology development as well as to select relevant cases for data
collection. The selection of cases was made depending on the objective of the case
study (see Table 3).
In this thesis two types of cases were studied: (1) those that actually developed a new
manufacturing technology with a high degree of technology uncertainty and (2) those
that had a need to improve and understand the fuzzy front end of manufacturing
technology development.
The sampling criteria for type 1 were based on a need to develop a new
manufacturing technology with a high degree of technology uncertainty.
Development of different types of new manufacturing technologies was chosen in
order to capture the widest possible coverage of activities and challenges in the fuzzy
front end of manufacturing technology development projects. In addition, cases with
a high degree of technology were selected, which required developing knowledge in
the fuzzy front end of manufacturing technology development.
The sampling criteria for type 2 were based on a need to understand the prerequisites
in the fuzzy front end of manufacturing technology development. The cases selected
were developed in collaboration with managers and specialists responsible for
development of new manufacturing technology; the cases focused on constituent
parts and challenges in the fuzzy front end of manufacturing technology
development. In general, the focus was on finding cases that allowed comparison
between the collected data but still allowed generalisation of the findings.
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3.3.3 Unit of analysis
The unit of analysis refers to the fundamental problem of what the case is and should
be related to the way the initial research questions have been posed (Yin, 2009). The
first research question, What constitutes the fuzzy front end of manufacturing
technology development?, called for an analysis of the constituent parts of the fuzzy
front end of manufacturing technology development. The second research question,
What are the challenges in the fuzzy front end of manufacturing technology
development?, called for an analysis of challenges in the fuzzy front end of
manufacturing technology development.
Since it is possible to have more than one level of analysis in a case (Yin, 2009), the
main units of analysis have been the fuzzy front end of manufacturing technology
development or manufacturing technology development. Embedded units of analysis
have been constituent parts and challenges.
Based on the selection criteria, two types of cases have been studied. It is important
to note that in Case A, Case E, and Case F, constituent parts and challenges in the
fuzzy front end manufacturing technology development were collected from staff
working in the fuzzy front end without studying any specific manufacturing
technology development project. In Case B, Case C, and Case D, constituent parts
and practical challenges in the fuzzy front end of manufacturing technology
development projects were studied in specific development projects of new
manufacturing technology. This means that the data were collected from two
different contexts. In Table 3, the case studies are summarised.
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Embedded unit of
analysis
Embedded unit of
analysis
Presented in
paper(s)

Contribution to
RQs
Main unit of
analysis

Sampling criteria
Duration

Type of case study

The fuzzy front
end of
manufacturing
technology
development
project
Constituent parts
Challenges
II, III, IV

Constituent parts

Challenges

I

Manufacturing
technology
development

Case study A
Case study B
Exploratory single Exploratory
embedded
longitudinal
multiple
embedded
2
1
Dec 2012 –
Sep 2013 –
Mar 2013
Dec 2016
1,2
1,2

Table 3 – Summary of the case studies

IV
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Challenges

The fuzzy front
end of
manufacturing
technology
development
project
Constituent parts

1
Jun 2014 –
Dec 2014
2

VI

Challenges

Constituent parts

Manufacturing
technology
development
project

1
Sep 2015 –
Mar 2017
2

Case study C
Case study D
Exploratory single Exploratory
embedded
longitudinal single
embedded

V

Challenges

Constituent parts

The fuzzy front
end of
manufacturing
technology
development

2
May 2015 –
ongoing
1,2

Case study E
Exploratory
longitudinal single
embedded

V

Challenges

Constituent parts

The fuzzy front
end of
manufacturing
technology
development

Case study F
Exploratory
longitudinal
multiple
embedded
2
May 2016 ongoing
1,2

3.4 DATA COLLECTION
Data were collected from a large global company in the manufacturing industry,
however at two different business units (BU) and production sites (or plants) in
the different business units. The case company has a global industrial footprint
and makes different types of vehicles with different characteristics. Business unit
1 manufactured vehicles that were used on the road, while business unit 2
manufactured vehicles that were used off-road. Thus, different types of
manufacturing technologies were used at each production site except for standard
machines that are used for basic manufacturing. It is difficult to give a
comprehensive picture of the manufacturing technologies used at each production
site; in Table 4, four high-level manufacturing operations are presented. In
general, the production sites were characterised by advanced manufacturing
technology and a high level of mechanisation and automation.
Table 4 – Summary of main manufacturing operations at each production site

Production site 1
Production site 2
Production site 3
Production site 4
Production site 5
Production site 6

BU

Machining

Assembly

1
2
2
1
1
1

X
X
X
X
X

X
X
X
X
X
X

Painting

Foundry

X
X
X

Case
study
A,B,F
C
D
F
F
F

3.4.1 Case study A
The main purpose of this case study was to identify critical factors forcing
manufacturing companies to improve their way of organising when developing
new manufacturing technology; another purpose was to analyse development
processes. In this study particular attention was given to the product development
process, the manufacturing technology development process and the relationship
between the two. Also, project structure and interaction between development
functions in both product and manufacturing technology development projects
were studied. In this case study, the production site was responsible for delivery of
both products and product components to other production sites within the
corporation. Semi-structured interviews with open questions were held with
managers from different organisational functions and levels at the production site.
Discussions were also held with project managers in both product and
manufacturing technology development projects in order to identify the challenges
of the current way of working and organising. Also the daily discussions with
employees from production engineering presented a broad picture of the current
situation and challenges when developing new manufacturing technology (see
Table 5). During these discussions existing challenges when developing new
manufacturing technology were elaborated and feedback on the research focus
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could be obtained. Thus these discussions contributed with increased
understanding and awareness of the current way of working when developing new
manufacturing technology and planning future research studies.
Table 5 – Overview of data collected in Case study A
Data collection from

No. Minutes
on
average

Type of primary data collected

Observations at
meetings
Steering committee

2

60

Follow-up of all ongoing projects.
Problems/risks and recommendations from
steering committee

Project status

12

10

Status of the current project phase, technical
problems, resource issues and project delays

Telephone meeting

1

60

Progress of development processes and plans
for improvements, implementation and future
goals

Department meeting

3

60

Events, planned activities and resource
allocation. Participants: production
engineering

Team meeting

6

60

Discussions

Daily

Documents

Full access

Semi-structured
interviews
Management level

6

30

Telephone interview

1

45

Number of projects per engineer, problems,
workload and prototypes. Participants:
production engineering
Wide range, e.g., problems, routines, working
methods, opinions, organisation and interfaces,
development processes, production system
development, product development, production
equipment acquisition, prototypes and project
challenges. Respondents: Project managers
and production engineering
Development processes, routines, organisation,
responsibility, quality assurance, future goals
and time plans
Progress of development processes, impact of
future goals, routines, organisation,
responsibility and challenges. Respondents:
Plant manager, director industrial engineering
director production machining, department
manager project office, department manager
machining engineering, trade union leader
Progress of development processes (mainly
product development process). Respondent:
R&D manager
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Data were also collected from internal handbooks, observations and the
company’s intranet management system and databases with full access to
documents. Observations at various meetings gave a deeper understanding of how
decisions were taken by managers and the steering committee at the production
site. Further, the observations gave insight into what types of problems had
occurred and how they were handled by managers at a management level.
3.4.2 Case study B
The purpose of this case study was to identify challenges in the fuzzy front end of
manufacturing technology development projects. In this study, development of a
new product caused the need to develop two new manufacturing technologies
(further referred to as Cases B1 and B2). These two development projects of new
manufacturing technology had different product requirements to fulfil in the form
of product drawings and technical specifications. Both development projects were
followed from start of the fuzzy front end of manufacturing technology
development to introduction in the production system. In Case B1, a complex
geometrical design for a component in the product caused the need to develop a
new manufacturing technology. In Case B2, the material specification of some
components in the product caused the need to develop a new manufacturing
technology.
Table 6 – Overview of data collected in Case study B
Data collection No.
from

Minutes
on
average
30–90

Semistructured
interviews

10

Discussions

Weekly

Observations
Project
meetings

65

90

Documents

-

-

Types of preliminary data collected

Challenges and risks when developing new
manufacturing technology. Equipment supplier
relationship and future development of the new
manufacturing
technology.
Knowledge
development
Respondents: Project members and managers
Challenges and risks when developing new
manufacturing technology. Equipment supplier
relationship, future development of the new
manufacturing
technology.
Knowledge
development
Respondents: Specialists, project members,
managers, project managers
Progress in the development of new
manufacturing technologies, development
activities, risks and challenges, decision
making, effects of product design changes,
need of verification methods
Full access to project documents: minutes of
meetings, risk analyses, reports, project status
and presentations
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Data were collected continually in new product development meetings with
participants from quality, logistics, project management, production engineering
(assembly and manufacturing) and finance (see Table 6). At these meetings
project managers who were responsible for development of the two new
manufacturing technologies also participated.
During those meetings written notes were taken and, with full access to databases,
qualitative data were also collected from project documents (risk analyses,
meeting notes from other meetings related to the project, etc.). A review of
whiteboards that monitored progress and status of all ongoing development
projects at the production site added empirical data.
Further, semi-structured interviews were held with project members and project
managers in the two manufacturing technology development projects. These semistructured interviews were not recorded and transcribed; only written notes were
taken. Predefined questions were asked during the interviews; they applied to
project status and progress as well as equipment supplier involvement.
Furthermore, weekly discussions with project members from other manufacturing
technology development projects and functions added valuable empirical data
from various perspectives. The different data collection techniques gave a broad
picture of ongoing activities and showed what factors and challenges affected the
fuzzy front end of manufacturing technology development. This case study was
carried out over three years, thus a huge amount of empirical data was collected
contributing with in-depth knowledge about the phenomenon studied.
3.4.3 Case study C
The purpose of this case study was to identify challenges in the fuzzy front end of
a manufacturing technology development project, with a special focus on
development activities and assessment of new manufacturing technologies. In this
study the case company attempted to design a large-scale mixed-product assembly
concept. The manufacturing technology development project aimed to find
solutions to mix assembly of very different products from different manufacturing
sites in the same main assembly flow (assembly line). This included overcoming
challenges to handle different product design, length and weight in the same
assembly flow.
The project was global with representatives/representative factories from different
sites around the world, like Korea, the USA, Germany, Poland and Sweden, with
competence regarding their products, assembly processes and methods. One part
of this study was to analyse the assessment of the maturity level of the developed
assembly system concept. An assessment of MRL 4 (capability to produce the
technology in a laboratory environment) was made; the framework used in the
assessment originated from the U.S. Department of Defense (DoD, 2012).
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Since only the final part of this global development project was studied, it was
important to understand development activities undertaken and the scope of the
project. As a start the project manager for this global development project
provided necessary background information about the project. Data were collected
from weekly discussions with the project manager, who also validated the
research results from this case study. Data were also collected through two formal
one-hour meetings during the MRL 4 assessment of the assembly system At the
first meeting the assembly development project with associated project
documentation was presented to the assessors, as well as the areas in the MRL 4
framework that would be assessed.
One week later, a follow-up meeting was held with the assessors, in which the
comments were reviewed and documented as an input to a coming (MRL 4) gate
presentation to the steering committee of the project. During these two meetings
written notes were taken. The notes from the meetings and the assessors’ written
comments were analysed by consulting the MRL framework on how to perform a
Manufacturing Readiness Assessment. In Table 7 an overview of data collected is
summarised.
Table 7 – Overview of data collected in Case study C
Data collection No.
from

Minutes
on
average

Types of preliminary data collected

60

Assessment procedure and areas

Observations
Audit meeting

2

Participants: Technology project office,
AE project office, director global
manufacturing, manager manufacturing
research, regional director process
development, project manager
Documents

-

-

Documentation and MRL assessment
framework

Discussions

1/week

15

Project status and development activities
Participants: Project manager
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3.4.4 Case study D
The purpose of this case study was to identify challenges and activities in a
manufacturing technology development project. The development of the new
manufacturing technology took place in a paint facility. A painting process is
interesting to study since many difficulties arise when the painting process cannot
be disconnected from daily production.
A painting process is one of the most expensive manufacturing technologies to
invest in for a manufacturing company. In this case study a manufacturing
technology shift was brought about during full production. Here a manufacturing
technology shift means that the painting process was upgraded with the help of a
technology supplier.
The technology supplier has all the knowledge about how to perform this
transformation but has not designed and built the existing paint process used in the
production system. In this case the manufacturing technology shift was a less
expensive and a necessary solution for the production site in order to maintain
competitiveness. The manufacturing technology shift started in 2015. The study
followed activities conducted before the manufacturing technology shift as well as
the first activities in collaboration with the technology supplier.
This case study was performed in collaboration with another industrial PhD
student (referred to as research colleague). In this case study the research
colleague intervened, meaning that the development project was managed by the
project team at the production site and the research colleague was involved by
discussing and adding knowledge to the project team. During workshops and
meetings written notes were taken and after each project meeting or workshop, all
notes were discussed with the research colleague.
The project team at the production site comprised shop-floor operators, paint shop
manager, production engineers and team leader. During workshops specialists and
managers from the technology supplier participated. Further, both researchers
were involved in the data collection and data analysis and hence the development
of the results from the case study. The research colleague conducted structured
interviews before and after important development activities had been conducted.
The structured interviews aimed at capturing and identifying challenges in the
manufacturing technology shift. During this study daily telephone meetings were
held with the research colleague and the manufacturing technology project and
data collection methods were discussed. Table 8 shows an overview of data
collected.
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Table 8 – Overview of data collected in Case study D
Data collection
from

No.

Minutes
on
average

Types of preliminary data collected

Observations
Workshops

3

60–120

Actions needed for the manufacturing
technology shift and knowledge that had to be
integrated. Participants: Project team and
technology supplier

Project meeting

3

60–120

Current knowledge and planned project
activities. Participants: Project team

Guided tour of
production

2

60

Structured
interviews

4x4

40

Daily

5–30

Understanding of the manufacturing
technology shift and the manufacturing
technology used
The manufacturing technology development
process and challenges
Respondents: Environmental specialist,
energy team leader, production engineers, paint
shop manager
Proposed activities for the manufacturing
technology shift
Challenges and progress in the manufacturing
technology shift. Research design and method

Documents
Discussions
with research

colleague
3.4.5 Case study E
The purpose of this case study was to identify constituent parts and challenges in
the fuzzy front end of a manufacturing technology development. This case study is
the result of the introduction of a new development function at the case company,
which created opportunities to discuss research results and challenges in the fuzzy
front end of manufacturing technology development projects.
The staff in the new function worked globally, which means that they supported
several production sites in the development of new manufacturing technologies.
The staff worked full time with development of the new technologies; they were
divided into different development areas and responsibilities.
Already after the licentiate thesis, workshops and meetings were initiated with
managers and specialists in this new function. During the first face-to-face
meetings the findings from the licentiate thesis were discussed with manufacturing
technology managers, manufacturing strategy managers and manufacturing
technology specialists. The first meetings aimed at creating a mutual
understanding about the research topic and key definitions for the fuzzy front end
of manufacturing technology development. Subsequent meetings discussed
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challenges in the fuzzy front end of manufacturing technology development and
assessment of the readiness level of new manufacturing technologies.
In workshops and telephone meetings, research results and publications were
discussed and in that way feedback on the research results was obtained (Paper I,
Paper II, Paper III, and Paper IV). The staff also provided their own perspective
on challenges in the fuzzy front end of manufacturing technology development.
During meetings and workshops written notes were taken. Table 9 presents data
and feedback.
Table 9 – Overview of data collected and feedback during Case study E
Data collection No.
from
(single/gr
oup)

Minutes
on
average

Types of preliminary data collected and
feedback

Meetings
Telephone
meeting

10 (5/5)

60–180

Face-to-face
meetings

5 (2/3)

60–90

Feedback and discussion: research area,
frameworks, definitions, organisation and
interfaces, technology roadmaps, master
process, project deliverables, challenges in
the fuzzy front end

Interview

1(1/0)

240

Challenges in the fuzzy front end of
manufacturing technology development
Respondent: Specialist

Workshops
Face-to-face
meetings

4 (0/4)

30–120

Feedback on research results: models,
development process in the fuzzy front end
and development activities, MRL
framework, definitions of a new
manufacturing technology

Observations
XPS audit

2(0/2)

90–240

Status of current way of working

RnD30

1(0/1)

180

Progress of development processes, vison
and goals

Technology
road mapping
Documents

2(0/2)

60–120

-

-

Development of future products and
manufacturing technology
Organisation chart and interfaces, strategy
and vision, technology roadmaps, master
process, emails
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3.4.6 Case study F
This case study is the result of an externally funded research project that the case
company joined, which created opportunities to study the role and responsibilities
of a pilot plant in the fuzzy front end of manufacturing technology development.
The external research project was carried out in close collaboration with partner
companies from different types of industries such as aviation, pharmaceuticals,
automotive, heavy vehicle, etc. The overall aim of the external research project
was to develop knowledge about how to achieve core plant excellence and to
improve the competitiveness of the Swedish manufacturing industry.
The purpose of this case study was to identify challenges in the fuzzy front end of
manufacturing technology development at a higher level with a special focus on
organising and knowledge development (intra-organisational) in a pilot plant
context. This case study was carried out at four production sites with all sites
acting as pilot plants within the corporation making different types of products.
In this case study, data were only collected from the four production sites, but
workshops with all participating companies in the research project developed an
increased understanding of capabilities needed for a pilot plant, its role and its
challenges. At the case company an internal project group was created with
participants from the four different production sites (a mix of both machining and
assembly). The internal project group comprised managers working with pilot
plant issues at each production site (see Table 10). The topic of the externally
funded research project suited the researcher’s subject field. In the internal project
group as well as the external research project the researcher could contribute with
both theoretical and practical challenges in a pilot plant context based on the
empirical findings.
Table 10 – Internal project group
Production site 1
Production site 4
Production site 5
Production site 6

Job title
Manager of technology specialists
Industrial development (x2)
Manager pilot plant – Manufacturing technology specialist
Manager pilot plant – Research engineer

Data were collected from workshops with the project group, interviews at one
pilot plant, observations during visits to the pilot plants and documents (see Table
11). Data collection started with an interview study at production site 1. Five
predefined questions were asked with the purpose of capturing the respondents’
views and definitions of a pilot plant, as well as the role and responsibilities of a
pilot plant. The outcome of the interview study provided input to the internal
project group.
In this study regular meetings were held at all production sites with the internal
project group. During these meetings there were guided tours of pilot plant areas
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and production. At these meetings also workshops were held, and the internal
project group discussed definitions, responsibilities and challenges in the fuzzy
front end from each production site’s perspective. Also, documents and ideas were
shared during the workshops and all documents were stored on a common server.
Table 11 – Overview of data collected in Case study F
Data collection No.
from
Semistructured
interviews

53

Minutes
on
average
3–17

Telephone
meetings

6

45

4

480

Differences and similarities in terminology
such as pilot plant, centre of excellence, core
plant, parent plant, etc. The responsibilities,
deliverables and role of a pilot plant in an
industrial network. The involvement of a pilot
plant in the fuzzy front end
Participants: Internal project group (see Table
10)

60–120

Design and layout of a pilot plant
Participants: Internal project group (see Table
10)

-

E.g., strategy plan, way of working and pilot
plant responsibilities

Workshops
Face-to-face

Observations
Company visits 4 (0/4)
and
guided
tours of pilot
plant areas
Documents

Types of preliminary data collected
An organisation’s view, opinion and definition
of a pilot plant
Respondents: Top management, management,
engineers, blue-collar workers, global functions
The responsibilities, deliverables and role of a
pilot plant in an industrial network
Participants: Internal project group (see Table
10)

3.5 DATA ANALYSIS
The data collected in this research are mainly qualitative, and the analysis of the
collected data followed the structure described by Miles and Huberman (1994).
Miles and Huberman (1994) define data analysis as consisting of three concurrent
flows of activity, 1) data reduction, 2) data display and 3) conclusion drawing. In
this research the data analysis process can be divided into five different phases.
The analysis has been an iterative process between data collected and theory. In
all case studies a review of relevant literature has been conducted concurrent with
the data collection. The conclusions have been drawn from collected empirical
data and literature reviewed (according to Miles and Huberman, 1994). The data
analysis process can be described as follows:
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1.
2.
3.
4.
5.

Compiling the data in a database
Disassembling the data into elements
Clustering the data into different groupings
Pattern matching and interpreting data
Conclusion drawing from the identified patterns

In the first phase, a vast amount of the data collected has been reduced in order to
simplify and abstract the phenomenon studied (Miles and Huberman, 1994). The
data were documented in a case study database and were reduced by selecting,
focusing, simplifying, abstracting and transforming the data that had been
collected (Miles and Huberman, 1994). This included gathering and compiling
data from each case study in a systematic way.
In the second phase, the data were broken down to elements according to the
topics that were studied. To facilitate the analysis, four general themes were used
to categorise the data, collaboration, development process, knowledge
development and organising. A case study protocol was used to filter the data and
arrange occurrences in chronological order (Voss et al., 2002; Yin, 2009).
In the third phase the data were clustered into groups in order to answer the
research questions and interpret based on the reviewed literature. The data were
analysed in two main steps: analysis within case data and searching for cross-case
patterns (Eisenhardt, 1989). Therefore, an analysis was first made in each case
study and the units of analysis were used for analysing the categorised data in the
four general themes. This was done in order to become familiar with each of the
case studies and identify patterns unique to each case (Eisenhardt, 1989). When
each case had been analysed as a stand-alone entity, it was time to move on to the
cross-case analysis.
The fourth phase aimed at identifying unique patterns, and key findings from the
literature were compared with the empirical data collected (Eisenhardt, 1989). The
data were interpreted and a comprehensive picture was presented. Interpreting
data does not mainly include interpreting the separate data but aims at a
comprehensive interpretation of the whole study (Yin, 2009). The focus was on
finding unique patterns and to display important clusters in a way that enables
tracing back to the raw data (Voss et al., 2002; Yin, 2009).
In the fifth phase conclusions were drawn which lay beyond the interpretations
previously made. The findings were elaborated to a higher conceptual level. The
interpretations made were compared and related to existing theory concerning
what this is similar to, what it contradicts and why (Eisenhardt, 1989). All these
steps were repeated both in each separate study and for the overall research.
Conclusion drawing started in the data analysis process when regularities,
patterns, explanations, causal flows and propositions started to take form but final
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conclusions could not be drawn until the data collection had been finished (Miles
and Huberman, 1994).

3.6 THE QUALITY OF THE RESEARCH
Academic research is measured in several ways; it is imperative that the research
conducted reflects quality when seen from those aspects. In general, when
applying a case study method research, results are measured in terms of validity
and reliability (Yin, 2009).
Construct validity
Construct validity refers to the process of making generalisations about higherorder concepts or constructs from the findings that have been measured.
According to Yin (2009), construct validity refers to the design of real operational
measures for the concepts being studied. Tactics that can be used are, for instance,
using multiple sources of evidence and having key informants reviewing draft
case study reports (Yin, 2009). To establish construct validity can be problematic
in case study research (Yin, 2009), but in all case studies conducted, multiple
sources of evidence have been used for data triangulation and thereby increased
validity of the research (Yin, 2009; Voss et al., 2002).
For this research only real-time cases were chosen even though a combination of
retrospective and real-time cases can strengthen the validity since it requires
different measures and approaches to study the same phenomena. One reason why
only real-time cases were chosen is that real-time cases make it possible to study
the entire chain of events in the processes studied. Real-time observations are an
appropriate but very time-consuming method (Yin, 2009). The use of observations
in Case B, Case C and Case D was necessary to capture existing challenges in the
fuzzy front end of manufacturing technology development projects and thereby
secure the validity of the results. In Case B the development of the new
manufacturing technologies were followed from the start of the fuzzy front end of
manufacturing technology development to introduction in the production system,
which allows evaluation of the whole development project. The employment as an
industrial PhD made it also possible to follow up facts and uncertainties when
needed. Also, the use of multiple case studies with dual types of cases provided a
better opportunity to improve construct validity.
In all cases employees from different organisational functions and levels were
involved and they provided a diverse view of the phenomena studied. Various
documents were analysed; the document analysis has been an iterative process
throughout the research process. In Case E proposed models and processes were
discussed during workshops at a management level as well as existing challenges
in the fuzzy front end of manufacturing technology development projects. Thus it
was possible to get complementary views on the research result and feedback on
the research topic ensuring that relevant practical problems were studied.
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Internal validity
Internal validity means the process of establishing a causal relationship, whereby
certain conditions are believed to lead to other conditions, as distinguished from
superior relationships (Voss et al., 2002; Yin, 2009). Tools that can be used are
pattern matching, explanation building, addressing rival explanations and using
logical models; these tools can be used in the data analysis phase (Voss et al.,
2002). The internal validity has been strengthened by using real-time case studies
as they enable the researcher to trace the cause-and-effect relationship (LeonardBarton, 1990). The data collection and analysis process in case study research are
also subject to the influence of the researcher’s character and background and rely
heavily on the researcher’s interpretation of events, documents and interview
material. All case studies are based on data triangulation, and the results have been
discussed with research colleagues and with the case companies. For example,
Case D was planned, designed, executed and analysed together with a research
colleague, which increases the internal validity. In this thesis, the case studies
were designed and the units of analysis specified based on the research questions.
This implies that the constituent parts and challenges in the fuzzy front end have
been studied in accordance with the research questions. During analysis attention
was paid to identifying differences and patterns between the cases studied when
comparing empirical data with the literature. Studying the literature was an
important step in the analysis and thus increased the validity of the findings
(Eisenhardt, 1989).
One limitation of Case B and Case D was that knowledge development was only
studied from a case company perspective. However, Case B was studied over a
period of three years and pattern matching was used for identifying how
knowledge was integrated and developed (Eisenhardt and Graebner, 2007).
External validity
External validation concerns the extent to which the conclusions of a study can be
generalised (i.e., applied in different contexts); a common criticism of case studies
as a science method is an inability to generalise from their results. This is
addressed by, among others, Gummesson (2000) and Leonard-Barton (1990), who
deal with the difficulties of generalising from a limited number of cases. Multiple
case studies on a given topic clearly have more external validity (Leonard-Barton,
1990), and as for many types of empirical research, the results in this research are
based on a limited number of empirical cases, which will affect the possibilities to
generalise from the results. Further, all studies have been conducted in the
manufacturing industry, which also limits the generalisability of the results. One
way to strengthen external validity is to use retrospective cases, as they allow a
more controlled case selection of critical parameters of a study (Voss et al., 2002).
As discussed above, only real-time cases have been studied.
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Selection of cases is important for generalisability, and in this research the focus
has been on the fuzzy front end of manufacturing technology development.
Therefore, the development of different types of manufacturing technologies with
different prerequisites has been studied in order to strengthen the external validity.
In addition, Case F was selected based on the opportunity to study challenges in
the fuzzy front end in four different pilot plants. This strengthens generalisability
and the relevance for manufacturing companies with similar prerequisites.
Reliability
Reliability concerns reproducibility, the certainty that a researcher can
independently repeat the research of another and achieve the same results. Yin
(2009) requires it to be the same case, not a similar one, which can be problematic
when looking for similar results from another researcher, because qualitative
research also relates to researchers’ own interpretations. Another problem of
verifying reliability is that these cases only occur once and it is impossible to
repeat them with the same conditions, therefore it is up to the researcher to
demonstrate good research ethics. In this research, the reliability aspect has been
addressed by carefully documenting and describing the data collection and the
data analysis process, making it possible for the reader to follow the research
process. To enhance repeatability (i.e., transparency and future replication), a case
study database was constructed for each of the studies, arranging occurrences in
time and place. Each database contained case study notes, documents and reports
collected from the study. To facilitate the analysis, four general themes were used.
Accordingly, the case study database facilitated retrieval for later studies and
allowed the researcher to go back to earlier results and compare the findings.
The choice of a CMR approach and employment as an industrial PhD student may
have affected the reliability of this research. When applying a CMR approach, the
researcher needs to balance between involvement and detachment of senior
management in the research process (Shani et al., 2012). There is a risk that the
researcher becomes biased and thereby loses objectivity. Although much time in
this research has been spent at the case companies, there has been time for
reflection outside the context studied. The advantages of being an industrial PhD
student is the easy access to a rich amount of data and the possibility to follow up
facts and eliminate uncertainties.
Further, all case studies also used multiple sources of evidence to study the same
phenomena, which, as stated by Voss et al. (2002), increases the reliability of data.
To increase the rigour of the research process, it is understood that the
researcher’s background, assumptions and interpretations have affected the
research process and hence the result. However, as previously described, the data
analysis followed the activities suggested by Miles and Huberman (1994) and the
aim was to be as explicit as possible about the analysis process and steps taken in
the process of the interplay between theory and data.
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4 EMPIRICAL FINDINGS
CHAPTER INTRODUCTION
In this chapter the empirical findings from the six case studies are presented. The
fuzzy front end of manufacturing technology development with its constituent
parts and challenges has been studied.

4.1 Case study A
This case study was carried out in business unit 1 and at production site 1. In this
case study particular attention was given to the product development process and
the manufacturing technology development process and the relationship between
these processes. The department that deals with development of new product
technology in the fuzzy front end and the product design department were located
in the same city, while the production site studied was located in another city.
Development of new products was an interaction between engineers at the product
design department and the production engineers at the production site.
Development processes
Development of new products started in the fuzzy front end of the product
development process at the case company. New technical solutions and concepts
for new products were developed up to an acceptable technical readiness level
(TRL). In the case, a TRL scale was used in the fuzzy front end of product
development in order to classify the readiness level of new technical solutions.
When new concepts and solutions were assessed as ready for implementation
(TRL 6) in new products, they were transferred into product development projects
and were developed further in the formal development process (see Figure 3).

Figure 3 – Product and manufacturing technology development processes.

At the business unit, the fuzzy front end of manufacturing technology
development was poorly defined. If development of new products caused the need
to develop a new manufacturing technology in the formal product development
process, a production equipment acquisition project was initiated at the production
site concurrent with the product development project. At the production site an
available development process was applied for the development of new
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manufacturing technology. Based on the information about the product being
developed, such as drawings and technical specifications, a suitable manufacturing
technology was evaluated and chosen.
Both the formal product development process and the production equipment
acquisition process followed a stage-gate process and they were used to follow up
the progress of the development projects. Both development processes had
different checklists for each project phase, with criteria that had to be fulfilled
before each decision gate. These two development processes were under
continuous development, and the formal product development process was going
to be changed. The main goals were to reduce time-to-market for new products
and to reduce cost in product development projects. Activities to achieve these
goals were
 more development work in the fuzzy front end of product development
 stable releases of product drawings and specifications before transferring to
the formal product development process
Organising and way of working
At the production site, all development projects were governed by a steering
committee. The committee appointed project managers to development projects;
in production equipment acquisition projects often an experienced production
engineer was appointed as project manager. Appointed project managers had indepth knowledge and experience of the manufacturing technology used in the
production system but a lack of knowledge concerning new manufacturing
technologies. The production engineers at the production site were often involved
in both the formal product development and production equipment acquisition
projects and other projects concerning production system improvements or the
daily production at the production site. This resulted in a high workload, and as a
result, allocation of production engineers to different types of projects was a
problem at the production site. In the formal product development process,
engineers at the product design department developed an implementation-ready
product. The production engineers at the production site were involved in the
product development projects by, e.g., giving feedback on the information
regarding manufacturability and design changes of the product. When a
production equipment acquisition project was initiated at the production site,
commonly involved functions in the project team included production
engineering, production (production managers and machine operators),
maintenance and purchasing.

4.2 Case study B
This case study was carried out at the same production site as in case study A and
was initiated based on the empirical findings from that study. The production site
was responsible for manufacturing of new products and was therefore involved in
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the formal product development projects. A product development project and
development of two new manufacturing technologies were followed (referred to
as Case B1 and Case B2). The product that was being developed had several new
technical solutions (consisting of several components), which caused the need to
develop new manufacturing technologies.
In both Case B1 and Case B2, the appointed project managers at the production
site participated in the new product development project as an interface to the
product design department since they were responsible for manufacturing of the
specific components at the production site. During the product development
project a decision was made to increase the capacity at the production site, which
required coordination of the product development project and a capacity project.
A decision on what type of manufacturing technologies had to be developed
needed to be synchronised between these two projects, as well as resource
allocation.
Case B1
Since the fuzzy front end of manufacturing technology development was poorly
defined, the production site followed the production equipment acquisition
process in Case B1. This process was designed for purchasing of known
manufacturing technologies.
Initiation and start-up
Due to the complex design of one of the components in a technical solution in the
product being developed, a new manufacturing technology had to be acquired or
developed. Appointment of a project manager and start-up of the production
equipment acquisition project were delayed, because no approval to start up the
project had been given by the steering committee at the production site. On his
own initiative the production engineer responsible for this category of components
at the production site contacted several equipment suppliers before the production
equipment acquisition project was initiated by the steering committee. As
responsible for this category of components the production engineer knew that he
would be appointed as a project manager. The production engineers at the
production site had a lack of knowledge concerning new manufacturing
technologies, and the complex design of the component required a newer type of
manufacturing technology than that used at the production site. This implied that
the production engineer had no one to discuss suitable manufacturing concepts
with at the production site. This initiative was also taken because the time for
evaluating what type of new manufacturing technology to use was critical and the
production engineer’s previous experience from acquisition and evaluation of new
manufacturing technologies influenced the decision. All the equipment suppliers
contacted were given the necessary information and were asked to suggest a
suitable manufacturing technology that could fulfil the product requirements.
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Collaboration with equipment supplier
All the equipment suppliers contacted were European-based suppliers known from
prior collaboration; they were also familiar with the production equipment
acquisition process used by the business unit. One equipment supplier responded
with a proposal of a suitable manufacturing technology. A meeting was held at the
production site and manufacturability was discussed with the equipment supplier.
The equipment supplier’s proposal required a minor design change of the
component that was going to be manufactured. The proposal would be sent to the
product designer to ascertain whether the design change was feasible. If it was
possible to change the product design, this would in return provide improved
manufacturability and a stable manufacturing technology, which would result in
improved product quality and reduced cycle time. This new manufacturing
technology would also have an impact on the production system. There were plans
at the production site to redesign one production line and replace part of the
manufacturing technology by which this new component would be manufactured.
The introduction of this manufacturing technology in the production system meant
that one step in the production line could be removed. Thus, the new
manufacturing technology also cut investment cost by reducing the number of
manufacturing operations. However, the new manufacturing technology had to
fulfil the requirements from older products that were going to be made in the
production line.
Lack of time for verification
Since the fuzzy front end of manufacturing technology development was poorly
defined, the production site followed the production equipment acquisition
process. The new manufacturing technology had been on the market for a couple
of years but had not been verified or tested through prototyping of components by
the production site. The production engineer had to rely on the equipment
supplier’s knowledge in this case, and the production engineers at the production
site knew that the manufacturing technology was on the market but had limited
knowledge about what could be achieved with it.
A reason that was given for not performing any type of verification of the new
manufacturing technology was the lack of time and resources. Also, the fact that
the manufacturing technology was on the market indicated that the readiness level
was high and the technology could therefore be introduced in the production
system at the production site. According to the equipment supplier, this would be
their first delivery of this type of manufacturing technology to Sweden.
Low product maturity
During a function test of the product that was being developed, the new technical
solution, of which also the component was a part, failed. The failure indicated that
the technology readiness level was too low for the technical solution of the
product before it was transferred into the formal product development project. It
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was decided in the product development project in February 2014 to replace the
new technical solution with an old verified one. The new solution was excluded
from the product development project and was put on hold and thereby excluded
from further development. No decisions were taken about its future development.
After this decision had been taken, Case B1 was less intensely studied since the
prerequisites for comparing Case B1 and Case B2 had changed radically.
However, the company did make a decision to invest in the new manufacturing
technology that was meant to produce the new component. The main reason for
this was the reduced number of manufacturing steps in the manufacturing line that
would be reconfigured. Also, if a new decision were taken to resume the
development of the technical solution that had failed, a suitable manufacturing
technology would be available.
Case B2
In Case B2, the investigation of the new manufacturing technology had started
before the case study was initiated in September 2013. The purpose of this new
manufacturing technology was to change material characteristics in some of the
new product components. In the fuzzy front end of this manufacturing technology
development project the goal was to verify the wanted material characteristics and
thereafter use the production equipment acquisition process. Since the fuzzy front
end of manufacturing technology development was poorly defined, a trial-anderror approach was used in this case.
Discovery of new manufacturing technology
This case started when a new manufacturing technology was discovered by a
business unit in the case company, which informed the product design department
about its potential benefits. The potential benefits discovered in the new
manufacturing technology could facilitate manufacturing of critical components
and offer improved product performance in the new product being developed.
When the new manufacturing technology had been discovered, a cross-functional
project team was put together with subject matter experts from the production site
(where data were collected), product design department and materials laboratory,
who started to investigate the new manufacturing technology in collaboration with
the new equipment supplier. The creation of a cross-functional team was initiated
by the product design department since different knowledge areas were needed in
the investigation of the new manufacturing technology.
The equipment supplier was new to the case company and the project team was
not sure how the equipment supplier could achieve the wanted material
characteristics, since a similar manufacturing technology was already used at the
production site. The main purpose of the new manufacturing technology
investigated was to change some material characteristics in some of the
components in the product being developed. If the new manufacturing technology
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were not successfully introduced into the production system, one of the
consequences would be that a new material had to be used in these components.
However, a change of material would also have an impact on the existing
production system, because the production system was optimised for another type
of material. A change of material would have demanded a great deal of
verification of existing manufacturing technologies. On the other hand, if the
manufacturing technology were successfully introduced in the production system,
it would have a positive impact on other products and components. The desired
material characteristics could be applied to other components in other products as
well. Furthermore, this manufacturing technology would also allow new design of
other products manufactured by the production site. Therefore the investigation of
the new manufacturing technology was given high priority at the company. The
lack of a predefined development process for the fuzzy front end of manufacturing
technology development caused the project team to only focus on the wanted
material characteristics during the investigation.
Collaboration with equipment supplier
The equipment supplier was located on another continent than the case company.
The long distance between the equipment supplier and the company made travels
and communication more difficult. In order to investigate the new manufacturing
technology, the project team visited the equipment supplier. An interpreter from
the equipment supplier was present during meetings and conversations.
Discussions regarding the new manufacturing technology were held and the
project team tried to figure out the difference between this new manufacturing
technology and the one already used at the production site.
To investigate whether the wanted material characteristics could be achieved,
prototypes were produced by the equipment supplier with their production
equipment. These prototypes were then analysed by the case company in its
laboratory and other tests were performed as well, such as fatigue tests and bench
tests. The prototypes showed the desired material characteristics and a decision
was taken to go on working with the equipment supplier. Also other possible
manufacturing concepts and collaboration partners were evaluated, but none of
them were considered to be at the same knowledge level as the equipment supplier
chosen. Further, when the new manufacturing technology was regarded as verified
(desired material characteristics could be met), it was handed over to the product
development project.
Joint development and problem solving
The team composition and the participants from the production site varied over
time. The project manager at the production site was replaced by others due to an
organisational change and other projects starting up at the production site. When
the new manufacturing technology had been handed over to the formal product
development project, a new project manager and a production engineer started to
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work with it at the production site. They replaced the former project manager in
the cross-functional team that had been created during the first investigation with
subject matter experts from the product design department and the materials
laboratory. Both had long industrial experience and the project manager had a
broad manufacturing knowledge, while the production engineer had in-depth
knowledge about a manufacturing technology similar to the one investigated in
this case. Before the formal production equipment acquisition process was
initiated at the production site, they discovered that the new manufacturing
technology had negative consequences for one of the dimensions of the product
component. This had not been investigated before it was handed over to the
formal product development project and this discovery was crucial for the whole
project. Project members from the production site visited the equipment supplier
and discussions were held regarding what caused the dimension change; finally
the root cause was identified. However, the equipment supplier had no alternative
options and ideas for solving the problem. This was a challenging problem and
when the project members came back to the production site after visiting the
equipment supplier, they started to discuss in the cross-functional team how the
problem could be solved.
The cross-functional team discussed different alternatives and came up with three
proposals for change that were discussed with the equipment supplier. These
proposals were based on the project members’ tacit manufacturing know-how and
experience from similar problems that had occurred in other types of
manufacturing processes at the production site. The manufacturing technology
used by the equipment supplier had to be adjusted and the proposals needed to be
verified, and therefore new prototype series were initiated and manufactured at the
equipment supplier. This was an iterative process and the evaluation of the
proposals took much time and was therefore time-critical in the product
development project since start of production could be delayed. However, when
analysing the results from the prototype series, one of the proposals showed even
better results than those that had been achieved in the first investigation of the new
manufacturing technology. Also, the previous problem of dimension change at the
product component had been solved.
New insights and need for verification methods
During the problem-solving process, the cross-functional team started to develop
new insights into future possibilities of the new manufacturing technology. These
new insights were discussed in the cross-functional team, and the project manager
and the production engineer at the production site identified different
opportunities to further improve the production system and the manufacturing
technology. Also, knowledge gaps that had to be filled, such as verification of the
outcome from the new manufacturing technology, were identified at the
production site. All verification of the material characteristics required for the
product component had been carried out in the laboratory at the product design
47

department and now a suitable method for material verification had to be
investigated and introduced at the production site.
One possibility that was discussed was to outsource material verification to an
external partner. In this case outsourcing was considered as a risk because
sensitive information could reach competitors, and therefore outsourcing was not
chosen. Another reason for not choosing outsourcing was that the identified future
possibilities for further development of this new manufacturing technology
required in-house verification. Future development of the manufacturing
technology demanded fast feedback loops of verification results and this was also
seen as a way of developing deeper manufacturing knowledge through
experimentation with new technology. In this case investigation of verification
methods gave rise to a subproject to the manufacturing technology development
project. A new project member was added to the project team at the production
site since a new type of knowledge was needed and the new project member had
in-depth knowledge of different types of materials and material verification
methods.

4.3 Case study C
This case study was carried out in business unit 2 and at production site 2. The
different business units at the case company used different types of development
processes for product and manufacturing technology development. In the case
studied, the fuzzy front end of manufacturing technology development was also
poorly defined, but in this development project the project team attempted to
develop support for the fuzzy front end of manufacturing technology
development.
In this case study the case company tried to combine four different product
platforms so that they could be assembled in one assembly system. The global
development project focused on the design of a large-scale mixed-product
assembly concept and attempted to find solutions to achieve assembly of very
different products from different production sites in the same main assembly flow
(assembly line). This included overcoming challenges of handling different
product designs, lengths and weights in the same assembly flow. The project was
global with representatives/representative factories from different sites around the
world, such as Korea, the USA, Germany, Poland and Sweden, with knowledge of
their products, assembly processes and methods. Further, the development project
was divided into four development areas, (1) the development of a main assembly
line concept, (2) the development of a materials handling/logistics solution
connected with assembly and the proposed assembly concept, (3) investigations
into a possible application and implementation of the concept in a specific factory
and (4) the specification of flexible requirements on product development.
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From analysis to proof of concept
A first analysis of current products in the corporation resulted in a first proposal
for the grouping of products. For this, aspects such as size and weight, product
design, assembly process, sequence and tooling, volumes and assembly times
were considered. This grouping exercise was used to select a first group of
products to start the detailed assembly system development. The detailed
development of the main line concept continued towards a layout/process proposal
with the main principles of
 having a generic assembly sequence
 using generic assembly zones – a clear zone/station for defined major
product modules
 using standardised and common interfaces towards subassemblies/product
modules
 common tooling/equipment in each zone
Based on this, a first line concept and layout were generated. More data were
collected regarding, e.g., detailed work content for each product in each zone.
Simulation of the assembly concept was used as an activity to support decisions
and a specific analysis was also done regarding necessary tooling and equipment.
In order to increase the maturity of the proposed production system concept, a
prototyping of the production system was done during the fall of 2014.
Prototyping of the production system included physically assembling the products
in the developed assembly concept. Different products were assembled together to
test manufacturing technology challenges in, e.g., tooling and equipment. The
objective of the prototyping was also to identify product design characteristics
necessary to be changed in order to make the assembly concept feasible and
competitive. The goal of the prototyping was to achieve MRL 4 (the capability to
produce a manufacturing technology in a laboratory environment); the main idea
behind that assessment was to apply the TRL concept in a manufacturing context.
Assessment framework
To determine the readiness level of the production system, an MRL framework
was used that was based on the framework developed by the U.S. Department of
Defense. The MRL framework and assessment were used for the first time at the
case company and provided a case for further production system development and
manufacturing technology development. Further, the two external auditors came
from two different functions in the business unit with experience of the fuzzy front
end of product development and technology readiness assessment of products. The
two external auditors made individual assessments of the assembly system. Their
background had made them familiar with the TRL scale and how to carry out an
assessment of a technical solution for a product. The normal procedure at the
business unit performing a technology readiness assessment for new product
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solutions is that the product development team gathers and presents data and
external assessors review the material to see if the project fulfils the objectives as
an input to a later gate meeting review and approval. The assessment of MRL 4
was performed at two formal one-hour meetings, first a start-up meeting and one
week later a follow-up meeting.
Manufacturing technology assessment
The two meetings were held on the internet since project members and the
assessors were global participants. The development of the assembly concept had
been documented with regard to project criteria to meet and activities performed
during the development project. The project manager had stored all project
documents in a project folder on the company server and this documentation was
used in the assessment of MRL
At the first meeting, the manufacturing technology development project with
associated project documentation was presented to the auditors, as well as the
areas in the MRL 4 framework that would be assessed. The assessors were given
access to the project folder and the project documents to be assessed.
At the second meeting, the comments and written notes from the assessors were
reviewed. The assessors’ comments and written notes in each assessment area
were discussed among the participants at the meeting in order to understand the
degree of fulfilment. The assessment was used as an input to a coming (MRL 4)
gate presentation to the steering committee for the project. At the gate presentation
for the steering committee there was one area that was considered as not fulfilling
the MRL 4 level; that was the cost & funding area. In order to reach MRL 4 there
needs to be a plan on how to achieve MRL 6 and funding for further development.
This had not been defined from the beginning in the project scope. Thus, this area
was excluded from the assessment.
One of the challenges of the assessment of the readiness level of the assembly
system was that the MRL framework was used for the first time at the case
company. The definitions in the MRL framework can be interpreted in different
ways and it is important to have a mutual understanding regarding what is being
assessed and what is meant with each definition in the MRL framework. Another
challenge was that the elements being assessed should start at a high level and
flow down to the lowest component that forms the smallest unit for examination.
In this case a complete assembly system was assessed and the assembly system
was not divided into several subsystems during the assessment.

4.4 Case study D
This case study was carried out in business unit 2 and at production site 3. In this
case study, a painting process used in the production system would be upgraded to
a new manufacturing technology through a technology shift, i.e., the existing
painting process would go through a major upgrading with support from a
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technology supplier. The production site had to conduct this technology shift in
order to develop a competitive production system or invest in a new
manufacturing technology. A painting process is one of the most expensive
manufacturing technologies to invest in for a manufacturing company and
therefore this technology shift was a less expensive solution for the production
site. The technology supplier had not developed and designed the painting process
used at the production site but had in-depth knowledge about how the existing
painting process could be upgraded to a new type of manufacturing technology by
using a new type of chemicals and adapting the existing painting process. The
technology shift is new on the market and needs to be conducted during full
production without interfering with product quality and delivery.
Project preparation and creation of a cross-functional team
The painting process at the production site was installed in 2008. Before
installation, different types of painting concepts were evaluated and tested. Some
of the evaluated painting concepts were regarded as future manufacturing
technologies but they were not mature enough, thus an established manufacturing
technology already used at the production site was chosen. In this case study one
of the manufacturing concepts, which was considered as a future manufacturing
technology, would be introduced through a major upgrading of the painting
process.
When the technology shift started, the organisation at the production site saw the
shift as a high-risk project. One of the major challenges of painting processes is
the verification of the outcome from the painting process and thereby the product
quality. Therefore, this technology shift was initiated in collaboration with the
laboratory at the business unit that assures that the test samples from the painting
process have the right product quality. The paint shop manager saw the
technology shift as a necessary move to maintain future competitiveness and
therefore created a project team. The team consisted of production engineers,
process operators, team leader and the paint shop manager as project manager.
The technology supplier had all the knowledge needed for conducting the
technology shift and was also aware of the risks. During the meetings before the
technology shift was initiated at the production site, the technology supplier
highlighted the difficulties of promoting the new manufacturing technology in the
industry worldwide. Nevertheless, by 2015 several manufacturing companies in
Europe had converted their manufacturing technology into this new technology.
The technology suppliers’ experiences from these technology shifts motivated the
project team to manage the major change in the production system. In order to
gain knowledge about the new manufacturing technology they needed to work
closely with the technology supplier, who was known from prior collaboration.
Before the technology shift started, the technology supplier described all the
activities that had to be carried out during the technology shift. The technology
51

supplier suggested how the new manufacturing technology should be operated
during the technology shift; they also offered the project team education in
chemistry and verification methods at the production site. The project team had
knowledge about instructions and standards for operating the existing painting
process but new instructions and routines were needed.
Start-up of the new manufacturing technology
Since new instructions and routines were needed for operating the new
manufacturing technology, specialists from the technology supplier were present
when the technology shift started at the production site. They pointed out what
had to be adjusted in the painting process and instructed how to follow up these
adjustments in the form of control parameters. The technology supplier addressed
the importance of verifying the concentration in the chemical bath and sending
test samples to the laboratory for validation of the product quality.
Lessons learned
From the technology shift different conclusions can be drawn. After the
technology shift had been initiated at the production site, the process operators
followed old routines and instructions, even though the technology supplier
advised what control parameters had to be followed up. Three major problems
occurred after the start-up. First, the test samples were sent to the laboratory but
the analysis of the results by the project team was inadequate. Second, the process
operators ran the new manufacturing technology according to old routines and
control parameters. Third, the new manufacturing technology did not behave as
expected when adding the new chemicals. The concentration was too high and
more chemicals had to be added constantly, which caused an increase in project
cost. The combination of these three problems made it difficult for the project
team to focus and identify what was causing what. This also put a high pressure
on the project team since it could affect the daily production and product quality.

4.5 Case study E
This case study was carried out at the same production site as in Case A and Case
B. The fuzzy front end of manufacturing technology development has been
studied with the help of specialists working in the fuzzy front end at the
production site and with the help of specialists from a global development
function without studying any specific manufacturing technology development
project.
Organising the fuzzy front end of manufacturing technology development
The specialists working in the fuzzy front end of manufacturing technology
development were divided into global and production site level. At the global
level manufacturing technology managers (MTMs) were appointed. One MTM
worked full time in the fuzzy front end of manufacturing technology development
and was responsible for specific product components and future manufacturing
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technologies to be used for manufacturing of these components. The role as an
MTM was to work globally and not directed to a specific production site. Further,
in the role as an MTM, another responsibility was to maintain and develop a
technology roadmap for new manufacturing technologies under development and
new manufacturing technologies that were going to be developed based on the
internal need and market trends.
At production sites selected as pilot plants, manufacturing technology specialists
(MTS) were appointed and at sister plants local technology specialists (LTS).
MTS and LTS were responsible for specific product components at their
production site. These appointed specialists were senior production engineers with
long experience of the manufacturing technologies used in the production system
at each production site. Due to their long experience they had in-depth knowledge
about challenges and product requirements that could be met in the production
system. Further, an MTS and an LTS did not work full-time in the fuzzy front end
of manufacturing technology development. In their role as specialists they worked
part-time in the fuzzy front end of manufacturing technology development
projects and the rest of the time with projects concerning production system
improvements or the daily production.
One of the responsibilities as a specialist at production site level was to develop
and maintain a master process. A master process was used to coordinate and
assess what type of new manufacturing technology could or had to be developed
at each production site. At each production site the master process described the
manufacturing technologies that were used in the production system and the
sequence of manufacturing of components, i.e., all the steps in the transformation
process for both machining and assembly. All the steps in the master process
could be described as black boxes that transform input to output. All black boxes
specified what type of product requirement could be fulfilled in the form of
component size, tolerance, etc. Each product component family had its own
description of the manufacturing flow, and the master process was used as a
snapshot of the current manufacturing sequence. This was a way of visualising
and standardising the manufacturing of components at all production sites in the
industrial network. The master process was used as a trigger and provided input to
the fuzzy front end of manufacturing technology development by describing the
current situation in the production system. The master process was continuously
updated when new manufacturing technologies were implemented in the
production system.
Challenges in the fuzzy front end of manufacturing technology development
One of the identified challenges when introducing this new development function
was the clarification of the different roles and responsibilities of the appointed
specialists as well as establishment of new interfaces between different functions
in the organisation. This was a new way of working and the specialists were
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appointed in different steps starting at a global level followed by production site
level. Thus the development of this new organisational structure and the way of
working were implemented over a long period of time. The intention of having
specialists at each production site was to create a network in which knowledge and
experience could be shared between the production sites. The creation of such a
network of specialists at the different production sites turned out to be a
challenging task and was therefore not fully implemented.
Another challenge identified was the lack of routines and documents supporting
this new way of working. The lack of support for the fuzzy front end of
manufacturing technology development caused the need to develop new
documents and instructions. One thing that was discussed during workshops was
assessment and assessment frameworks for the fuzzy front end of manufacturing
technology development. The MTMs considered that an assessment framework
was an important tool that could support development of new manufacturing
technologies. Another thing that was discussed was verification. The term
verification could mean the verification of both the new manufacturing technology
and its outcome. Therefore it was important to highlight what type of verification
was referred to during discussions. The start of the fuzzy front end of
manufacturing technology development was also discussed when proposed
models and processes from this research were shown. There was no consensus on
what caused what, and thereby the start of the fuzzy front end of manufacturing
technology development was not defined. The major challenge for the specialists
located at the production sites was the prioritisation between problems in the daily
production and the involvement in the fuzzy front end of manufacturing
technology development. At the production site the daily problems in production
were given priority, leaving limited time for working with the fuzzy front end of
manufacturing technology development.

4.6 Case study F
This case study was carried out in business unit 1 and at production sites 1, 4, 5
and 6. This case study is the result of an externally funded research project that the
case company joined, which created possibilities to study the role and
responsibilities of a pilot plant in the fuzzy front end of manufacturing technology
development. Four pilot plants from the same business area were studied. An
internal project group was created with participants from the different pilot plants
(a mix of machining and assembly). The internal project group consisted of
managers working with pilot plant issues at each production site.
The case company used a pilot plant concept as an approach to manufacturing new
products and developing new manufacturing technologies at one production site
and then transfer the knowledge to the production sites in the industrial network,
i.e., to the sister plants. One of the responsibilities as a pilot plant was therefore to
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be involved in the fuzzy front end of both product and manufacturing technology
development projects.
In the organisation at production site 1 the term pilot plant had different meanings.
Some employees described a pilot plant as the leading factory in the industrial
network while others described it as a prototype area. The organisation’s view of a
pilot plant included three main characteristics: (1) possessing strong competencies
and knowledge related to manufacturing, (2) performing research and
development activities to increase the knowledge and (3) transferring the
knowledge within the organisation, i.e., to sister plants.
Possession of strong competencies
As a starting point in the internal project group the history of each pilot plant (or
production site) was discussed. A common denominator of all production sites
was their long history and tradition. The production sites were founded over a
hundred years ago and had developed in-depth knowledge about both new
products and manufacturing technologies. This knowledge had evolved over the
decades and an inventor mentality in the organisation was identified as a key
enabler for the existence of the pilot plants. Based on their heritage the pilot plants
possessed strong knowledge related to manufacturing technologies. Historically
the pilot plants had been the only production sites within the company making a
specific product. But due to globalisation and the emergence of new markets,
production sites (sister plants) had been acquired globally. Therefore pilot plants
had been established within the company in order to coordinate development in
the fuzzy front end by concentrating development to one production site and then
sharing the knowledge with the sister plants. All pilot plants were characterised by
high volume and serial production while sister plants manufactured a limited
number of product variants.
Challenges of a pilot plant
The findings of the current study showed that the pilot plants had different
challenges when it came to mandate and organisational acceptance, dedicated staff
for development and interfaces for knowledge sharing between the production
sites in the industrial network.
In the internal project group, mandate, expectations and performance
measurement for a pilot plant were specifically discussed. First there was no clear
picture of how and when the production sites had been appointed as pilot plants.
The pilot plants possessed strong knowledge based on their long heritage. In some
of the cases the production sites had claimed to be pilot plants in the industrial
network while in some cases they had not reached that acceptance in the
organisation. Second, a pilot plant approach requires that top management defines
the mandate and expectations as well as how to measure the value of a pilot
plant’s deliverables. The value of a pilot plant was not measured and often the
pilot plants were compared with sister plants with the same key performance
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index despite the different roles and prerequisites. At pilot plants all product
variants were manufactured but at sister plants only a limited number. This made
the production systems look different between all production sites and it was
therefore difficult to compare the key performance indices between the production
sites. Third, in the role as a pilot plant one of the expectations in the organisation
was to support other production sites with core competence and knowledge, both
internally and externally when needed. All pilot plants had an area for
experimentation with assembly of new products with assigned staff, while such
experimental areas did not exist for machining. Instead the whole production site
was used for machining of product prototypes. As a consequence the machines
used for the daily production had to be used for experimentation and
manufacturing of product prototypes, which was challenging since the daily
production was given priority at the pilot plants.
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5 ANALYSING THE LINK BETWEEN THE KNOWN
AND THE UNKNOWN IN THE FUZZY FRONT END
CHAPTER INTRODUCTION
In this chapter the empirical findings are analysed in relation to the theoretical
framework. The two research questions provide the basis for the analysis and the
findings are compared to and elaborated on in relation to the frame of reference.

5.1 THE FUZZY FRONT END OF MANUFACTURING TECHNOLOGY
DEVELOPMENT
In the previous section the findings from each of the case studies were described
separately. The constituent parts and challenges in the fuzzy front end of
manufacturing technology development were studied and the empirical findings
showed that the fuzzy front end of manufacturing technology development was
poorly defined.
Based on the empirical findings in this thesis, the fuzzy front end of manufacturing
technology development is defined as “the earliest development phases of a new
manufacturing technology that starts with a need and ends when it has been
proven that set requirements can be met”. This implies that the fuzzy front end of
manufacturing technology development is the earliest development phase prior to
the more formal development process, which is often a production equipment
acquisition process for more standardised machines.
In the literature the fuzzy front end is considered to represent the earliest
development phase prior to the more formal development process and is often
described as starting with an idea or an opportunity (Kurkkio et al., 2011; Khurana
and Rosenthal, 1998; Kim and Wilemon, 2002; Reid and De Brentani, 2004). In
contrast, in the cases studied, the start of the fuzzy front end of manufacturing
technology development was based on different needs and requirements to be
fulfilled. Thus, the start of the fuzzy front end of manufacturing technology
development differs from prior research (see Paper IV).
Development of new manufacturing technology is often conducted in a laboratory
or a pilot plant, and the development in the fuzzy front end is often described as a
process that is going from learning before doing to learning by doing (Pisano,
1996; Kurkkio et al., 2011; Hayes et al., 2005). The development conditions range
from simulation, small-scale laboratory setting and laboratory tests to pilot plant
tests. In line with prior research (Hayes et al., 2005; Pisano, 1996), the empirical
findings show that development of new manufacturing technology in the fuzzy
front end of manufacturing technology development can take many forms and be
conducted under a variety of conditions. In the cases studied, development of the
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new manufacturing technologies took place both at external partners’ facilities and
at own facilities with different requirements to be fulfilled. At the pilot plants one
challenge was the lack of a dedicated area for experimentation with new
manufacturing technologies. All pilot plants had an experimental area for
assembly of new products with assigned staff, while such experimental areas did
not exist for machining.
In Case B, the need to develop new manufacturing technologies arose from a new
product being developed and its product requirements (component design and
material specification). The product requirements were “leading” (i.e., causing the
need to develop new manufacturing technology) and manufacturing requirements
“lagging” (i.e., the product requirements could not be fulfilled with the
manufacturing technologies used in the production system). The fuzzy front end
can be seen as two different development processes and the activities are
conducted under different development conditions. One development process is
the fuzzy front end of product development and the other the fuzzy front end of
manufacturing technology development, and there is a strong relationship between
these processes.
In Case C and Case D, the development of new manufacturing technologies in the
fuzzy front end was driven by internal needs separated from product development
projects. When the fuzzy front end of manufacturing technology development is a
standalone process separated from product development projects, future
manufacturing requirements should provide input to the product development
process. In Figure 4 (numbered from 1 to 2), two different examples of the fuzzy
front end are presented.

Figure 4 – Two different examples of the fuzzy front end.

From the analysis so far the following can thus be concluded:
 The fuzzy front end can be seen as two different development processes.
 In the fuzzy front end development of new manufacturing technology can
be performed under a variety of conditions.
The fuzzy front end of manufacturing technology development is described as an
iterative process with a high degree of technology uncertainty (Khurana and
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Rosenthal, 1997; Montoya‐Weiss and O'Driscoll, 2000; Kurkkio et al., 2011). The
empirical findings show that the fuzzy front end of manufacturing technology
development was poorly defined and had a high degree of technology uncertainty.
In line with prior research (Kurkkio et al., 2011), the development of the new
manufacturing technologies was conducted iteratively and although it involved
different types of manufacturing technologies, important development activities
were performed in the fuzzy front end. In Table 12, key activities are summarised
(see also Paper IV).
Table 12 – Summary of key activities
Development
activities
Benchmarking

Case B1

Case B2

Case C

Case D

Yes

Yes

Yes

Simulation
Verification of the
outcome of the
manufacturing
technology
Verification of the
manufacturing
technology
Assessment of
readiness level

No
Measuring room
at production
site

No
Tests in own
laboratory

Yes

Prototyping of
components in a
late phase
No

Prototyping of
components

Prototyping of
the assembly
concept
Yes

No (Already
known)
No
Tests in own
laboratory and at
technology
supplier
Prototyping of
components

No

No

Benchmarking: The empirical findings indicate that benchmarking was used for
different purposes. One purpose was to identify a new manufacturing technology
that could fulfil the requirements set down. Another purpose was to gain new
ideas about how to proceed in the fuzzy front end. The specialist in Case E
scanned the market in order to stay updated about emerging manufacturing
technologies that could contribute with long-term production system development.
The main differences between the cases studied are the requirements to be
fulfilled and the types of manufacturing technology being developed, i.e., the
differences between machining, assembly and painting.
Simulation: Although simulation is cheaper and faster than physical
experimentation (Pisano, 1996), it was used to a small extent in the cases studied.
Only in Case C was simulation used to develop knowledge about how to proceed
further in the fuzzy front end. In Case E, simulation of new manufacturing
technology was seen as an important area in which knowledge had to be
developed. Simulation was seen as a means to develop knowledge and reduce
development time for new manufacturing technologies.
Verification: In the fuzzy front end, prototyping of product components was used
in order to verify the feasibility of the manufacturing concept. Through
prototyping, the proof of concept of new manufacturing concepts was shown, but
the empirical findings also show the importance of having established verification
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methods for the outcome of the manufacturing technology. In the fuzzy front end
of manufacturing technology development both types of verification are needed
and knowledge about both needs to be developed.
Assessment: To judge the progress in the development activities, assessments of
the readiness level of a new manufacturing technology should be made (Pahl et
al., 2007; DoD, 2012). Moving from the fuzzy front end to formal projects
requires a certain readiness level for new manufacturing technologies. However,
the empirical findings show that assessment of the readiness level of new
manufacturing technologies was made to a low degree. As a consequence,
development activities that can reduce risk are not identified, nor are areas in
which knowledge has to be developed.
From the analysis the following can thus be concluded:
 The fuzzy front end of manufacturing technology development was poorly
defined and needed to be supported.
 The fuzzy front end in manufacturing technology development is
characterised by iterative development.
Both degree of technology uncertainty and degree of novelty differed between the
cases studied and this could be one reason why different development activities
were performed in the fuzzy front end of manufacturing technology development.
Common to the three cases conducted in collaboration with an external partner is
the fact that the knowledge was external to the company. Knowledge from the
external partner had to be integrated and developed in the project team in order to
reduce technology uncertainty. In line with prior research (Berggren et al., 2013;
Nonaka et al., 2000), the cases studied show that creation of new knowledge
occurs dynamically over an extended period of time and knowledge needs to be
integrated through both inter- and intraorganisational activities (see Paper III).
The empirical findings from Case F show that pilot plants were used as knowledge
and development centres in the fuzzy front end, but the mandate and expectations
for a pilot plant was unclear. The pilot plants were involved in the fuzzy front end
of both product development and manufacturing technology development projects
(see Paper V). All pilot plants had a dedicated experimental area for assembly of
new products, while such areas did not exist for machining. Instead the whole
production site was used for machining of prototypes in the fuzzy front end of
product development projects. As a consequence, the machines used for the daily
production had to be used for manufacturing of prototypes, which provided
limited access and time for experimentation since daily production was given
priority.
The appointed specialists at the production sites were responsible for
manufacturing of a specific category of product components. The empirical
findings reveal that they were involved in the fuzzy front end in both product and
manufacturing technology development projects. The appointed specialists had in60

depth knowledge about the manufacturing technologies used in the production
system, and their early involvement in the fuzzy front end could therefore reduce
technology uncertainty, which is in line with prior research (Kurkkio, 2010).
From the analysis the following can thus be concluded:
 The degree of technology uncertainty and the degree of novelty affect the
development of new manufacturing technology and should therefore be
assessed in order to classify the risks of the development project.
 Knowledge development is necessary in the fuzzy front end in order to
reduce technology uncertainty.
 The fuzzy front end needs to be organised and requires development
resources.
Table 13 gives an overview and comparison of the cases.
Table 13 – Summary and overview of the cases
Case B1

Case B2

Case C

Case D

Initiation

Product
requirements

Product
requirements

Internal need

Environmental
requirements

Type of
manufacturing
technology
Development
conditions
Prior collaboration

Machining

Machining

Assembly

Painting

At equipment
supplier
Known from
prior
collaboration

At equipment
supplier
Not known from
prior
collaboration

Own facility

Own facility

–

Known from
prior
collaboration

5.2 CHALLENGES IN THE FUZZY FRONT END OF MANUFACTURING
TECHNOLOGY DEVELOPMENT
The fuzzy front end of manufacturing technology development has many
challenges to handle. The high degree of technology uncertainty and novelty
increases the risk for problems during the development activities carried out in the
fuzzy front end. Based on the empirical findings, critical challenges have been
identified.
Challenges identified in the fuzzy front end
In line with prior research (Pisano, 1996; Kurkkio et al., 2011), the empirical
findings show that the fuzzy front end of manufacturing technology development
is an iterative process with a low degree of formalisation. The major challenges in
the fuzzy front end of manufacturing technology development are the lack of
predefined development activities and the organisation’s knowledge level, i.e., the
degree of technology uncertainty. If the activities performed in the fuzzy front end
of manufacturing technology development are not predefined, the same mistakes
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will be repeated over and over again when developing new manufacturing
technology. The opportunity to improve the development activities conducted in
the fuzzy front end will be missing and thereby the chance to improve the
development process used for development of new manufacturing technologies.
To build on current organisational knowledge and new knowledge developed is
crucial for the development of new manufacturing technology (Frishammar et al.,
2012).
The empirical findings also show that the goal was to reduce the time to market
for new products by carrying out more development work in the fuzzy front end of
product development. This implies that development time in the formal product
development process will be reduced, causing the need to generate a new
manufacturing technology in advance, since a new manufacturing technology is a
product in itself requiring development time and resources. As found in Case B,
the requirements from the new product being developed caused the need to create
a new manufacturing technology, and one of the challenges in this case was that
two different development processes and time plans had to be synchronised in the
formal product development project. Unstable requirements can affect both these
time plans and consequently delays in both product and manufacturing technology
development projects, causing increased project costs (Hayes et al., 2005). Since
the development activities in the fuzzy front end of manufacturing technology
development were poorly defined, activities conducted were based on the
background of project managers and members. Thus different development
activities were conducted in the cases studied.
The fuzzy front end of manufacturing technology development is characterised by
risks. Frishammar et al. (2013) and Kurkkio et al. (2011), among others, discuss
that risk assessment is an important activity in the fuzzy front end of
manufacturing technology development. The empirical findings show that
assessment of the readiness level of new manufacturing technologies and thereby
risks is an important but challenging activity in the fuzzy front end of
manufacturing technology development. One challenge is the lack of a predefined
assessment framework and another the lack of knowledge about how to carry out
an assessment (Bellgran and Säfsten, 2010). A third critical aspect is to define the
system boundaries of what is being assessed. The elements being assessed should
start at a high level and float down to the lowest components that form the
smallest unit for examination (DoD, 2012).
Further, the fuzzy front end of manufacturing technology development does not
only deal with development of new manufacturing technologies. The empirical
findings point out the importance of having established verification methods for
the outcome of the manufacturing technology; methods that can assure that set
requirements can be verified are needed. Therefore, one of the challenges in the
fuzzy front end of manufacturing technology development is to promote
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knowledge about verification methods concurrent with development of new
manufacturing technologies.
Based on the analysis, the following critical aspects should be considered in the
fuzzy front end of manufacturing technology development:
 Predefined development activities are needed.
 It is critical to assess the readiness level of new manufacturing technologies
in order to reduce risk.
 Verification methods for both the new manufacturing technology and the
outcome of the manufacturing technology are needed.
Collaboration challenges identified
Development of new manufacturing technologies often occurs in collaboration
with external partners (e.g., equipment suppliers, technology suppliers, research
institutes, etc.) (Abd Rahman and Bennett, 2009; Baines, 2004; Kurkkio et al.,
2011). In prior research trust has been highlighted as one of the most important
enablers for successful development projects (Grant, 1996a; Rosell et al., 2014;
Revilla and Knoppen, 2015).
The fuzzy front end of manufacturing technology development can be conducted
under different conditions, thereby influenced by the specific situation. The
empirical findings show that development of a new manufacturing technology in
collaboration with an external partner is challenging and affected by various
factors. In Case B2, the equipment supplier was not known from prior
collaboration and trust had to be built up over time. However, these was not easy
since both linguistic and cultural differences made communication difficult, which
increased the risk for misunderstanding of topics being discussed during meetings
(Paper II).
In both Case B1 and Case D, the external partner was known from prior
collaboration and a trusting relationship had already been established. However,
the empirical findings from Case D point out that the development activities and
routines proposed by the technology supplier were not followed by the project
team, which indicates of a lack of understanding of the new routines that were
important for a successful technology shift. As Rönnberg Sjödin (2013b) found, a
key challenge in interorganisational collaboration is related to the fact that
information is not shared or jointly understood by the partners. In Case B1, the
production engineer was dependent on the equipment supplier’s knowledge. The
production engineer had to trust that the proposed new manufacturing technology
could ensure high operational performance since there was no time to test it
(Lager and Frishammar, 2010).
Often the fuzzy front end is described as being performed by a small group or one
single individual (Kim and Wilemon, 2002). The empirical findings indicate that
development of new manufacturing technology in the fuzzy front end ranged from
63

individual level up to a large global project team. In the development project
studied, a combination of broad and in-depth knowledge was important in the
cross-functional team in order to reduce technology uncertainty. Creation of a
cross-functional team is crucial and manufacturing companies must have the
capability to assess their own knowledge base and include the right specialist
knowledge in the project team. Knowledge about the manufacturing technologies
used in the production system is critical when it comes to problem solving and
identification of future development possibilities of the new manufacturing
technology (Paper III). The challenge is to identify relevant knowledge in the
organisation and include it in the project team when needed. Knowledge that can
be shared and utilised might already exist in the organisation and the ability to
build on current organisational knowledge and new knowledge is instrumental to
differentiate from competitors (Frishammar et al., 2012).
Based on the analysis, the following critical aspects should be considered in the
fuzzy front end of manufacturing technology development:
 Trust and prior collaboration with external partners is critical in the fuzzy
front end.
 Creation of cross-functional teams is crucial.
Knowledge development challenges identified
Development of knowledge takes time and needs to be built over time. Trott
(2012) states that acquiring knowledge about new manufacturing technology
involves people and experiments and requires learning.
In collaboration projects, knowledge has to be developed. A key challenge in the
project studied when integrating knowledge from external sources was the
organisation’s absorptive capacity, i.e., the ability to recognise the value of
external information, assimilate it and apply it. In Case D the process operators
ran the new manufacturing technology along old routines and control parameters,
which caused problems during the technology shift. Another challenge in
collaboration projects is that manufacturing knowledge is not often shared outside
the own organisation since it is seen as core knowledge contributing to increased
competitiveness (Hayes et al., 2005; Drejer and Riis, 1999). Sharing
manufacturing knowledge with an external partner is always a risk that can cause
severe damage if the knowledge reaches competitors. The empirical findings
reveal that sharing manufacturing knowledge with an external partner is necessary
especially when it comes to problem solving. In Case B2 the project team had to
share manufacturing knowledge with the equipment supplier in order to solve the
problem with the new manufacturing technology.
Based on the analysis, the following critical aspects should be considered in the
fuzzy front end:
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 Knowledge needs to be developed in the fuzzy front end of manufacturing
technology development projects in order to reduce technology uncertainty.
 Core knowledge is not often shared outside the own organisation.
 An organisation’s absorptive capacity is critical for knowledge
development.
Organisational challenges identified
The resources working in the fuzzy front end of manufacturing technology
development projects need to be organised in order to support development of
new manufacturing technology (Bellgran and Säfsten, 2010). The empirical
findings from Case A, Case B and Case E show the progress of an organisational
change and the introduction of a new way of working in the fuzzy front end of
manufacturing technology development. One of the challenges when introducing
the new organisational function was the clarification of roles and responsibilities
of the appointed specialists working in the fuzzy front end. Another challenge was
the establishment of new organisational interfaces between different
organisational functions. Information about what type of new manufacturing
technologies should be developed had to be coordinated between different
organisational functions and levels.
For the specialists located at the production sites, time was the main challenge and
this limited their involvement in the fuzzy front end of manufacturing technology
development. The specialists lacked time for development of new manufacturing
technologies and different organisational pressures forced them to focus on other
work tasks. The specialists were involved in many different projects with a high
workload as a result (Ulrich and Eppinger, 2008) and they had to prioritise
between daily problems in production and the involvement in long-term
development projects, i.e., firefighting versus long-term production system
development.
Based on the analysis, the following critical aspects should be considered in the
fuzzy front end:
 Development of new manufacturing technologies should be linked to future
manufacturing and product strategies.
 It is critical to organise the specialists in the fuzzy front end.

5.3 SUMMARY OF THE ANALYSIS
In the analysis, constituent parts and challenges in the fuzzy front end of
manufacturing technology development have been addressed and can be
summarised as follows. There is a close link between the fuzzy front end of
product development projects and manufacturing technology development
projects even though they are two different types of processes. The development
of new manufacturing technology is initiated based on different needs and its
requirements to be fulfilled. The degree of technology uncertainty and the degree
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of novelty affect the fuzzy front end of manufacturing technology development
and should therefore be assessed in order to classify the risk of the development
project. Development of new manufacturing technology is often conducted in
collaboration with external partners, and a predefined process that supports the
fuzzy front end of manufacturing technology development is needed. The findings
show that steps and actions to take in the fuzzy front end of manufacturing
technology development are poorly defined. In Figure 5, an overview of critical
aspects that should be considered in the fuzzy front end of manufacturing
technology development is presented.

Figure 5 – Overview of critical aspects that should be considered in the fuzzy front end
of manufacturing technology development.
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6 SUPPORTING THE LINK BETWEEN THE KNOWN
AND THE UNKNOWN
CHAPTER INTRODUCTION
In this chapter a framework supporting the fuzzy front end of manufacturing
technology development is proposed. The framework aims to support the fuzzy
front end of manufacturing technology development by linking the known with
the unknown.

6.1 THE LINK BETWEEN THE KNOWN AND THE UNKNOWN
In the previous chapter, constituent parts and challenges in the fuzzy front end of
manufacturing technology development were identified. Four parts that are
important for the fuzzy front end of manufacturing technology development have
been studied and in each part critical aspects have been identified. Building on
this, a framework supporting the fuzzy front end of manufacturing technology
development is proposed in this chapter. The framework combines the degree of
technology uncertainty and novelty, and the identified critical aspects are
embedded in the proposed framework. In this thesis, it is argued that the fuzzy
front end of manufacturing technology development starts from a need and the
requirements to be fulfilled (Paper IV). Based on what is known, decisions are
taken on how to proceed in the fuzzy front end of manufacturing technology
development. How to proceed is dependent on the knowledge level in the
organisation, i.e., the degree of technology uncertainty in the organisation
concerning the new manufacturing technology. Thus the knowledge level in the
organisation is important and affects the fuzzy front end of manufacturing
technology development projects (Paper III, Paper VI). Further it was concluded
that development of new manufacturing technology is often conducted in
collaboration with external partners. Accordingly collaboration as well as a
manufacturing company’s interactions and relationship with its external network
plays an important role in bringing valuable knowledge into the organisation and
generating new manufacturing technology (Soo et al., 2007; Paper II).
Organising the fuzzy front end
First, in order to develop new manufacturing technologies, the staff working in the
fuzzy front end of manufacturing technology development projects need to be
organised. Development of new manufacturing technologies takes time (Trott,
2012), and from the analysis it was concluded that specialist knowledge is needed
in the project team and a combination of broad and in-depth knowledge is
important in order to reduce technology uncertainty.
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In Paper V, a model for organising the fuzzy front end of manufacturing
technology development projects is proposed. In the proposed model it might be
necessary to adjust the involvement of specialists in the fuzzy front end depending
on what type of development project is carried out, i.e., in-house or in
collaboration with an external partner. Further, the proposed model for organising
is linked to the fuzzy front end of product development projects. The aim of the
model is to describe how the fuzzy front end of manufacturing technology
development can be supported through organising specialists at different levels in
the organisation and with different roles and responsibilities. The specialists’ early
involvement in the fuzzy front end of product development projects is crucial for
development of new manufacturing technologies. Early product requirements, i.e.,
the requirements that can be fulfilled in the production system, can be assessed
and mapped against a master process. If the requirements cannot be fulfilled with
manufacturing technologies used in the production system, the technology
roadmap for new manufacturing technologies needs to be updated and early
investigations of suitable manufacturing technologies initiated (Bruch and
Bellgran, 2014).
One critical aspect concerns time available for the specialists to work in the fuzzy
front end of manufacturing technology development. However, the empirical
findings show that the appointed specialist at the production site had limited time
because of a high workload. The specialists had to prioritise between problems in
the daily production and the involvement in the fuzzy front end of manufacturing
technology development contributing to long-term production system
development. As discussed by, among others, Bellgran and Säfsten (2010), it is
challenging to support the daily production and at the same time work with longterm production system development. Therefore, the specialists should be
separated from issues concerning the daily production and work full time in the
fuzzy front end of manufacturing technology development projects. Development
of new manufacturing technologies and new knowledge could be accomplished
faster, which would also generate increased competitiveness.
Development activities in the fuzzy front end
Second, activities conducted in the fuzzy front end of manufacturing technology
development had different degrees of importance and purpose. One interesting
conclusion was that simulation was used to such a low degree since it is cheaper
and faster than physical experimentation (Pisano, 1996). The fuzzy front end of
manufacturing technology development is often desribed as a process that goes
through several learning modes and simulation is one important activity in this
process (Hayes et al., 2005; Lu and Botha, 2006). Simulation represents a way to
learn before doing and develops knowledge that can minimise technology
uncertainty in the fuzzy front end of manufacturing technology development.
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In Paper IV, a development process is proposed that describes the fuzzy front end
of manufacturing technology development. The proposed activities to carry out in
the fuzzy front end are a synthesis from the empirical findings and are dependent
on the knowledge level in the organisation. As stated by, among others, Kurkkio
et al. (2011) and Montoya‐Weiss and O'Driscoll (2000), the development process
proposed in Paper IV should not be seen as linear, since many development
activities in the proposed phases are of an iterative character and overlapping.
Further, it is important to note that the suggested activities included in each phase
might not be applicable or relevant depending on the degree of technology
uncertainty and degree of novelty. The objective of the proposed development
process is to achieve stepwise development and reduce risk. One way to support
development of new manufacturing technology in the fuzzy front end of
manufacturing technology development and to reduce risk is to use an assessment
framework. The empirical findings show that assessment of the readiness level of
new manufacturing technologies was conducted to a low degree. This assessment
can provide an input to gate meetings. At gate meetings go/kill decisions are
needed based on what is known in order to sort out whether manufacturing
concepts should be further developed or not (Cooper, 2008). Thus the result from
the assessment of the readiness level of new manufacturing technologies can be
used for decision making and the assessment result will also indicate in what areas
knowledge has to be developed.
Knowledge development in the fuzzy front end
Third, knowledge development is a critical factor for success in the fuzzy front
end of manufacturing technology development projects. In order to reduce the
degree of technology uncertainty in the fuzzy front end of manufacturing
technology development projects, manufacturing companies must have the ability
to assess their own knowledge base and include the right type of knowledge in the
project team. Manufacturing companies that have the ability to build on current
organisational knowledge and new knowledge can create competitive advantages
and differentiation from competitors (Frishammar et al., 2012; Paper III; Paper
VI).
In Paper III, knowledge integration processes are discussed and the results show
that there are three different knowledge integration processes in collaboration
projects with external partners: processes for capturing, for joint learning and for
absorbed learning. Discovery of a new manufacturing technology is the first
knowledge integration process when knowledge about a new manufacturing
technology is captured from the market and knowledge is shared within the
organisation. Discovery of new manufacturing technologies is an
intraorganisational knowledge development process, i.e., the organisation needs to
have the capability to utilise and understand the knowledge that is shared by
external partners, which is in line with prior research (Cohen and Levinthal,
1990). The analysis also shows that a variety of factors are of significance in
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collaboration projects with external partners, thus also the different knowledge
integration processes. Another important aspect to be aware of in collaboration
projects with external partners is the differences in knowledge (Paper VI).
Knowledge integration will be challenging if the differences in knowledge are too
large between both parties. As discussed by, among others, Stock and Tatikonda
(2004), there must be a fit between the knowledge levels of both parties in order to
have a successful development of new manufacturing technologies.
In manufacturing technology development projects, knowledge will be developed
in the project team through spiralling between the three knowledge integration
processes (Paper III). In this knowledge development process, both challenges and
benefits of the new manufacturing technology will be identified when new
knowledge is developed. The core is knowledge development; knowledge is built
over time and prior experience is embedded in different forms in the organisation
and is the foundation of successful development of new manufacturing
technologies. Further, as the empirical findings in Case E indicate, a master
process can be used to map the current situation of the requirements that can be
fulfilled in the production system, while a technology roadmap can be used for
new manufacturing technologies being developed or to be developed. In that way
the past, present and future time horizons are linked, representing a chain from the
known to the unknown (Paper V).
Collaboration in the fuzzy front end
Fourth, trust and cross-functional teams are important in the fuzzy front end of
manufacturing technology development projects. In Paper II, critical factors that
affect the development of new manufacturing technology in collaboration with
external partners were discussed. The factors identified in Paper II, geographical
location, language, cultural differences, information sharing, prototyping of
components and trust have been identified in prior research (Gertler, 1995; Lee et
al., 2009; Abd Rahman and Bennett, 2009). The factors identified are important in
collaboration projects with external partners and should therefore be considered in
the fuzzy front end of manufacturing technology development projects.
Both the degree of technology uncertainty and the degree of novelty affect the
development of new manufacturing technology and should therefore be assessed
in the fuzzy front end of manufacturing technology projects. Assessment of these
two dimensions can reveal the complexity of the development project. Prior
researchers have classified complexity of development projects in different ways.
Lager and Frishammar (2012) categorise the complexity of development projects
based on the two dimensions degree of novelty and complexity of the
manufacturing technology for the manufacturing company. Their classification
framework presumes that development of new manufacturing technology takes
place in collaboration with an external partner. A similar framework was
developed by Bruch and Bellgran (2014), but the classification of complexity of
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the development project is in one dimension and at four levels. Inspired by prior
research (Lager, 2002; Lager and Frishammar, 2012; Bruch and Bellgran, 2014), a
classification system and analytic framework is proposed in Figure 6. The
proposed analytical framework should not be seen as an absolute measure since
both degree of technology uncertainty and degree of novelty are difficult to
measure and categorise. The proposed framework could be used as a tool in the
fuzzy front end of manufacturing technology development to classify the
complexity of the development project before it is initiated. The empirical
findings show that development of new manufacturing technology in the fuzzy
front end can take place both in collaboration with external partners and in-house.
Accordingly the framework covers both these types of development and it thereby
differs from the classification frameworks of prior researchers.
In the proposed classification framework, the relation between technology
uncertainty and novelty to the company indicates the complexity of the
manufacturing technology development project. A high degree of technology
uncertainty in relation to a high degree of novelty to the company indicates a very
complex and demanding development project. A low degree of technology
uncertainty in relation to a low degree of novelty to the company indicates that the
development project is less complex and a production equipment acquisition
process can be used.

Medium
Low

Technology uncertainty

High

 Blue colour – collaboration projects with external partners.
 Grey colour – in-house development projects.
 Green colour – production equipment acquisition project.
External knowledge
External partners have
all the knowledge that
has to be integrated
(External collaboration)
External support
External partners
support with knowledge
when needed
(External collaboration)
Proven
Well known and proven
manufacturing
technology (can be
purchased)
Low

Joint development
Joint development of a
new manufacturing
technology through
knowledge integration
(External collaboration)
Collaboration
Major modification of a
proven manufacturing
technology
(External collaboration)
Improvement
Improvement of a
known manufacturing
technology (in-house)

Medium
New to the company
Figure 6 - Classification and analytical framework.
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Joint venture
Development of a new
breakthrough
manufacturing
technology (External
collaboration)
In-house development
Development of a new
manufacturing
technology (in-house)
Major modifications
Major modifications of
known manufacturing
technology (in-house)
High

6.2 SUPPORTING THE FUZZY FRONT END OF MANUFACTURING
TECHNOLOGY DEVELOPMENT
In order to support the development of new manufacturing technologies, the
objective of this thesis has been to explore the fuzzy front end of manufacturing
technology development. Based on the discussion above, there are many critical
aspects that need to be managed and supported in the fuzzy front end of
manufacturing technology development projects. The framework presented in
Figure 7 provides an overview and a structure that contributes to long-term
production system development and development of competitive advantages. The
framework is an elaboration of results from the research questions addressed.
Since it is difficult to cover all aspects in a supportive manufacturing technology
development framework, the framework highlights the most important aspects of
the fuzzy front end of manufacturing technology development. These aspects
should be considered and assessed in the fuzzy front end of manufacturing
technology development projects.
The framework builds on two important dimensions for the degree of technology
uncertainty and the degree of novelty in innovations. In the framework the four
important parts for the fuzzy front end of manufacturing technology development
are divided into the fuzzy front end as a process, organising and collaboration; the
fourth part, knowledge development, is embedded in the proposed framework as
the core of the fuzzy front end of manufacturing technology development projects.
In prior research (Eisenhardt and Graebner, 2007), the importance of addressing
the past, present and future time horizons and the transitions between them has
been highlighted as an important enabler for successful development projects. A
supportive framework should therefore link these time horizons and include the
critical aspects identified.
Therefore the framework is also divided into the past, present and future time
horizons:
 Past – prior experience and knowledge, which is the foundation of
development of competitive advantages.
 Present – knowledge about future needs and requirements that have to be
fulfilled.
 Future – future plans and development of new manufacturing technology
that builds competitive advantages.
The past represents the knowledge absorbed in the organisation that needs to be
assessed and utilised in a best way. Tacit manufacturing knowledge and prior
experience from collaboration with external partners need to be identified. Also
past challenges of the manufacturing technologies used in the production system
are valuable in the fuzzy front end of manufacturing technology development
projects.
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The present represents the current situation in the production system and the
requirements that can be fulfilled. Internal and external requirements need to be
assessed and decisions about how to proceed need to be taken. Based on the
requirements to be fulfilled, relevant knowledge needs to be included in the crossfunctional team. Knowledge sharing through formal and informal discussions
supports knowledge development in the fuzzy front end of manufacturing
technology development.
The future represents the fuzzy front end of manufacturing technology
development. Manufacturing companies will face many challenges in the fuzzy
front end of manufacturing technology development projects (Paper II) and they
need to have the ability to see future possibilities and challenges of new
manufacturing technologies being developed (Paper III).
The fuzzy front end is an iterative and non-linear process and development of new
manufacturing technologies needs to be aligned with future needs and
requirements (Paper IV; Paper V). Manufacturing companies need to have the
ability to map the present with the future in order to achieve long-term production
system development. The proposed framework supporting the fuzzy front end of
manufacturing technology development should be used by project managers and
project members working in the fuzzy front end of manufacturing technology
development projects.
To summarise, the link between the known and the unknown in the fuzzy front
end of manufacturing technology development has been discussed. To overcome
the challenges identified in the fuzzy front end of manufacturing technology
development, critical aspects have been combined. The critical aspects identified
are divided into past, present and future time horizons. In order to support the
fuzzy front end of manufacturing technology development, these time horizons
have been linked.
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Collaboration

The fuzzy front end

Low
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New to the company and technology uncertainty

Known
Map internal and external needs and requirements.
Carry out benchmarking and networking activities
in order to capture new manufacturing
technologies on the market.
Knowledge integration
Encourage knowledge sharing through formal and
informal discussions and thereby knowledge
integration.
Master process
Map the requirements that can be fulfilled in the
production system.
Roles and responsibilities
Appoint specialists that have knowledge about
manufacturing technologies used in the production
system and define roles and responsibilities.

Production system
Identify past challenges of the manufacturing
technologies used in the production system.
Assessment
Assess degree of technology uncertainty and
novelty discovered in new manufacturing
technologies.

Absorbed knowledge
Assess the organisation’s knowledge base and
experience regarding manufacturing
technologies used in the production system.
Identify specialist and core knowledge that can
be included in the project team.

Present
Interorganisational
Share knowledge with the external partner in order
to support development of the new manufacturing
technology.
Intraorganisational
Create cross-functional teams with a combination
of broad and in-depth manufacturing knowledge.

Past
Prior collaboration
Assess prior experience from collaboration
with the external partner(s). What factors
affected the collaboration, e.g., trust, language
and cultural differences, proximity, etc.?

Figure 7 – Supporting the link between the known and the unknown.

Organising

High

Future
Joint venture
Develop a breakthrough manufacturing
technology.
Unknown
Establish what type of manufacturing knowledge
is needed in the future.
Knowledge development
Adapt and internalise the knowledge
developed.
Pre-development
Carry out pre-study to manufacturing technology
creation.
Assessment
Assess the readiness level of new manufacturing
technologies being developed.
Technology roadmapping
Compare future needs and requirements of the
master process.
Technology roadmap
Update the technology roadmap with
manufacturing technologies contributing with
long-term production system development and
competitive advantages.

7 DISCUSSION AND CONCLUSIONS
CHAPTER INTRODUCTION
In the final chapter the results of the research are discussed and concluded. First is
a general discussion of the research area and the proposed framework. Then the
research questions are revised and their answers summarised. Thereafter the
quality and limitations of the research results are discussed, followed by
contributions of the research. Finally, areas for future research are suggested.

7.1 GENERAL DISCUSSION
In this thesis the fuzzy front end of manufacturing technology development has
been pointed out as a development process prior to the more formal production
equipment acquisition process. This positioning was based on prior research and
the view that it is an important area that needs to be supported in order to develop
competitive advantages (Pisano, 1996; Kurkkio et al., 2011; Lu and Botha, 2006;
Lager and Frishammar, 2010; Frishammar et al., 2013).
The first research question aimed at identifying the constituent parts representing
the fuzzy front end of manufacturing technology development. A holistic view
was justified when literature regarding development processes and manufacturing
technology development was studied. It was found that only a few empirical
studies focus on the fuzzy front end of manufacturing technology development
(Kurkkio et al., 2011; Frishammar et al., 2011; Parida et al., 2016); they were
primarily carried out in the process industry (Lager and Frishammar, 2010;
Kurkkio et al., 2011; Pisano, 1996; Lim et al., 2006). Based on this holistic
approach, constituent parts representing the fuzzy front end of manufacturing
technology development in the process industry could be analysed. This was a
necessary step in order to identify and compare constituent parts in the fuzzy front
end of manufacturing technology development in the cases studied. As the
analysis shows, there are similarities and differences regarding the constituent
parts of the fuzzy front end of manufacturing technology development in the
process industry and the manufacturing industry.
There may be several reasons why there is a lack of research on the fuzzy front
end of manufacturing technology development. One explanation might be that
development of new manufacturing technologies is often not seen as core business
in the manufacturing industry and is therefore a neglected activity. Another
explanation could be that manufacturing knowledge is seen as something to be
acquired if required, and therefore the resources spent on finding and developing
new manufacturing technologies are often very scarce (Hayes et al., 2005).
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The second research question aimed at identifying and describing challenges in
the fuzzy front end of manufacturing technology development. In both product
and production development literature challenges in the fuzzy front end are
discussed. The main challenges discussed in the literature are the poorly defined
process for the fuzzy front end, iterative development, conflicting organisational
pressure, small or non-existent budget and ad-hoc decision making (Khurana and
Rosenthal, 1997; Montoya‐Weiss and O'Driscoll, 2000; Kurkkio et al., 2011). In
general, the same challenges appeared in the cases studied. The analysis identified
critical aspects that affect the fuzzy front of manufacturing technology
development projects (Figure 5). The identified aspects have been discussed in
previous literature and should therefore be considered in the fuzzy front end of
manufacturing technology development. In contrast to prior research in the cases
studied, the budget was not small or non-existent. However, conflicting
organisational pressures affected the specialists’ time for involvement in the fuzzy
front end of manufacturing technology development projects. In the development
project studied the staff involved in the fuzzy front end of manufacturing
technology development projects ranged from a large group to one single
individual, which is in line with prior research (Kurkkio et al., 2011).
In order to support the development of new manufacturing technologies the
objective of this research was to explore the fuzzy front end of manufacturing
technology development. A supportive framework for such development has been
elaborated from the research questions addressed (Figure 7). The constituent parts
and challenges in the framework have been discussed with the case company in
order to validate the results, obtain feedback and develop knowledge.

7.2 CONCLUSIONS
In a global world with increased competitiveness, companies in the manufacturing
industry need to find new ways to compete. In the research presented in this
thesis, it is argued that the development of new manufacturing technologies can
contribute to increased competitiveness and that the fuzzy front end of
manufacturing technology development is crucial for long-term production system
development. The objective of the research was to explore the fuzzy front end of
manufacturing technology development. In order to guide and fulfil the research
objective, two research questions were formulated.
The answer to the first research question reveals that the fuzzy front end of
manufacturing technology development can be viewed from different perspectives
and be conducted under a variety of conditions. Based on the result of the analysis
it can be concluded that the fuzzy front end of manufacturing technology
development is poorly defined and is characterised by iterative development. In
contrast to prior research (Kurkkio et al., 2011; Khurana and Rosenthal, 1998;
Kim and Wilemon, 2002), in this thesis it is argued that the fuzzy front end of
manufacturing technology development starts based on different needs that have
76

to be fulfilled and is defined as “the earliest development phases of a new
manufacturing technology that starts with a need and ends when it has been
proven that set requirements can be met”. The answer to the first research question
contributes to achieving the objective by defining the fuzzy front end of
manufacturing technology development and by increasing the understanding of
important activities needed for development of new manufacturing technology.
The answer to the second research question reveals that there are many challenges
that need to be managed in the fuzzy front end of manufacturing technology
development. Four important parts of the fuzzy front end of manufacturing
technology development have been analysed and critical aspects have been
identified in each part (Figure 5). One of the main challenges is the poorly defined
process for the fuzzy front end of manufacturing technology development. A
predefined process for the fuzzy front end can reduce the degree of technology
uncertainty in the organisation. A predefined process for the fuzzy front end also
reduces the risk that the same mistakes are repeated again in development projects
of new manufacturing technology and represents a way of working in which
knowledge is developed in a structured way. Based on the results it can be
concluded that specialist knowledge is important in the fuzzy front end of
manufacturing technology development projects. A combination of broad and indepth manufacturing knowledge supports the development of new manufacturing
technology. Since the knowledge level is at its lowest initially in the fuzzy front
end of manufacturing technology development, it is challenging to know what
type of knowledge will be needed and what type of insights will be developed by
the staff involved.
The answers to the two research questions were synthesised into a manufacturing
technology development framework that supports the fuzzy front end of
manufacturing technology development, see Figure 7. The findings are an
important first step in an area that has received only limited attention from
academics and practitioners alike. The framework visualises the links between the
past, present and future time horizons and presents a structured approach to how
development of new manufacturing technologies can be supported in the fuzzy
front end of manufacturing technology development. Building on prior experience
and knowledge is crucial, and the framework combines the current status in the
production system with plans for future development of new manufacturing
technologies. The framework supports long-term production system development
by a structured way of working and needs are dealt with early on in order to create
a result that fulfils set requirements.

7.3 METHOD DISCUSSION
Although the current research should contribute to an increased understanding
about the fuzzy front end of manufacturing technology development, it is
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important to acknowledge that the choice of methodology and research design has
influenced the conclusions drawn and the results.
The selection of a case study method for answering the research questions resulted
in detailed and rich data about the fuzzy front end of manufacturing technology
development; the research design builds on six real-time case studies (Yin, 2009;
Karlsson, 2009). Real-time case studies are time-consuming and one challenge
perceived was managing the overwhelming amount of data. All cases studies were
conducted in the manufacturing industry and since the research is of an
explorative character it is clear that the selection of cases may have affected the
results. The cases studied had different characteristics, and different types of new
manufacturing technologies were developed. Development of new manufacturing
technology is often carried out over several months or years, which makes data
collection both difficult and time-consuming. A considerable amount of time was
spent at production site 1. In Case B2 the development of the new manufacturing
technology was studied over three years. Together all cases generated deeper
understanding of the phenomena studied and strengthened the construct validity of
the results.
The cases studied were selected based on a need to develop a new manufacturing
technology with a high degree of technology uncertainty. It is difficult to measure
both degree of novelty, degree of collaboration and degree of technology
uncertainty, which affected what type of development activities were conducted in
the fuzzy front end.
It is evident that the outcome of the research was influenced by the research
method and the cases selected. The employment at a manufacturing company may
also have influenced the outcome of the research. In this research, a collaborative
management research approach has been applied and the interaction with
managers may have influenced in both directions, i.e., the research and practice
(Shani et al., 2007; Pasmore et al., 2008). However, one advantage of the
employment in and affiliation with a manufacturing company has been the
discussion and validation of the empirical findings. Models developed have been
discussed, and without this affiliation, the findings would not have been as
detailed as they are in this thesis. There would have been a risk that critical issues
concerning the fuzzy front end of manufacturing technology development might
have been lost. Another advantage of being employed in a manufacturing
company is the access to suitable cases and empirical data. Development of new
manufacturing technologies is often confidential and therefore difficult to study.

7.4 RESEARCH CONTRIBUTION
This research aimed at generating both scientific and practical contributions. The
contributions of the research will be discussed in the following two sections.
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7.4.1 Scientific contribution
The fuzzy front end of manufacturing technology development refers to
development of new manufacturing technologies that can increase manufacturing
companies’ competitiveness and long-term production system development. This
thesis has added new knowledge to the operations management area by identifying
important activities in the fuzzy front end of manufacturing technology
development in the manufacturing industry.
The research presented in this thesis links the past, present and future time
horizons and outlines aspects that should be considered in the fuzzy front end of
manufacturing technology development, as illustrated in Figure 7. The aspects
identified build on each other and are crucial for the development of new
manufacturing technology. While prior research argues that the fuzzy front end
starts from an idea or opportunity, another contribution of this thesis is that the
fuzzy front end is described as starting from a need and its requirements to be
fulfilled. Based on prior research (Lager, 2002; Lager and Frishammar, 2012;
Bruch and Bellgran, 2014), this thesis also adds new knowledge to the
classification of the complexity of development projects in the fuzzy front end
(Figure 6). The framework proposed in Figure 6 covers classification of both
collaboration projects with external partners and in-house development projects,
which differs from prior research.
7.4.2 Practical contribution
In the fuzzy front end of manufacturing technology development projects there is
a wide variety of challenges that need to be managed. Although the manufacturing
companies studied did have development processes, the fuzzy front end of
manufacturing technology development was poorly defined. Often a production
equipment acquisition process was used for development of new manufacturing
technologies and thereby the fuzzy front end of manufacturing technology
development was not supported.
On the basis of the present results, it is important that managers understand that
the fuzzy front end of manufacturing technology development is another type of
development process than the production equipment acquisition process. By using
the process outlined in Paper IV, challenges related to risk and technology
uncertainty can be reduced. Further, in the fuzzy front end of manufacturing
technology development, dedicated staff with specialist knowledge are needed.
Based on the analysis, cross-functional teams and experience of manufacturing
technologies used in the production system are valuable when it comes to problem
solving and development of new manufacturing technology in the fuzzy front end.
A final important aspect that can easily be missed in the fuzzy front end of
manufacturing technology development is verification methods for the outcome of
the new manufacturing technology. Knowledge about verification methods must
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be developed concurrently with development of the new manufacturing
technology if needed.

7.5 SUGGESTIONS FOR FUTURE RESEARCH
As in most learning situations, this research has provided many ideas for further
research in the area of the fuzzy front end of manufacturing technology
development, research that can take a number of directions.
While a case study design generally allows for retaining a holistic and meaningful
view of the phenomenon studied, the generalisation of the findings has to be done
with caution. The case studies were carried out in the manufacturing industry with
a collaborative management research approach. Hence, more research is clearly
needed to evaluate and test the value of the proposed framework. The framework
proposed in this thesis has not yet been verified but challenges and the constituent
parts in the framework have been discussed with the case company. One
possibility would be to replicate the empirical data collection in different types of
industries and/or with another research approach. Another possibility would be to
use retrospective cases that allow data collection from known cases (Voss et al.,
2002).
Future research is also required concerning the development activities identified in
the fuzzy front end of manufacturing technology development projects. Although
many of the development activities have been identified in prior research, it is
likely that the current research has not identified the complete range of activities
that support development of new manufacturing technology. Accordingly, further
research should focus on identifying important development activities that support
the fuzzy front end of manufacturing technology development. Another
suggestion for future research is to investigate knowledge development from both
perspectives in collaboration projects with external partners. In this thesis the
external partner perspective has been excluded. In Paper III three knowledge
integration processes are proposed; one proposal for future research would be to
study knowledge integration from both perspectives.
The framework proposed in Figure 9 presents a number of relationships among
the identified critical aspects that could be fruitful to study further. Supporting the
fuzzy front end of manufacturing technology development is important; this
research was based on product development, production system development and
knowledge integration literature. Research on the fuzzy front end of
manufacturing technology development would benefit from adding other
theoretical perspectives and that is therefore a potential object of future research in
this area.
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The fuzzy front end of manufacturing technology development is characterised by a
high degree of technology uncertainty and challenges due to the lack of access to
relevant knowledge as well as lack of a structured development process and enough
resources to work with development of new manufacturing technologies. Prior research
highlights that little is actually known about what should be done in the fuzzy front end
of manufacturing technology development projects, and thus more research is needed.
Therefore the objective of the research presented in this thesis is to explore the fuzzy front
end of manufacturing technology development. In order to fulfil the objective, empirical
data were collected from six case studies conducted in the manufacturing industry.
In order to support the fuzzy front end of manufacturing technology development
projects, a supporting framework has been developed. The proposed framework is an
elaboration of results from the research questions addressed and can be used as a
guideline to overcome the challenges observed in the fuzzy front end of manufacturing
technology development projects. The framework is built on two important dimensions
for innovations, degree of technology uncertainty and degree of novelty. The critical
factors identified in the analysis are embedded in the proposed framework as central
aspects in the fuzzy front end of manufacturing technology development.
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