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Abstract 
The main problem in this thesis is: How should research and 
development results regarding production methods be represented for 
better adoption by SMEs? 

Manufacturing SMEs in Sweden have in general low profit margins and 
risk to go bankrupt. Different production methods could facilitate the 
needed performance improvement. Networking provides an arena where 
research and development needs could be determined and effective 
transfer activities could be carried through. 

How new production methods could be characterized and represented 
are presented. Several case studies, surveys and literature studies have 
been carried through. The results from these studies have been analyzed 
and compared to literature on the production method diffusion process – 
Dissemination-Clustering-Transfer. This analysis has resulted in a 
specification of requirements on how new production methods should be 
presented for better adoption by SMEs. 

One suggestion to the specification of requirements, the DFMTsme 
process, is described. The process is based on a repeated development 
procedure and follows a six-step development process in five phases. 

It is concluded that the DFMTsme process works. The research project is 
finally reviewed due to verification, validation and the contribution to 
knowledge. Implications for actors in the production method diffusion 
process as well as for policy makers are discussed. 

Keywords: SME, production method, innovation diffusion, networks, 
transfer, development, dissemination, clustering 
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Summary 

The objective of this thesis is to create better understanding among 
industrial researchers and other interested parties regarding diffusion of 
production methods, in a network context, to Swedish SMEs. The main 
problem is described as: How should research and development results, 
regarding production methods, be represented for better adoption by 
SMEs? 

Manufacturing SMEs in Sweden have in general low profit margins and 
risk to go bankrupt. Different production methods could facilitate the 
needed performance improvement. Networks provide an arena where 
research and development needs could be determined as well as effective 
transfer activities. A suggested solution to the problem has been 
developed – the DFMTsme process – a production method development 
process. It interacts with the DCT model, Figure A. 

Figure A. The DFMTsme process and the DCT model interact. The 
diffusion process affects the production method’s development process. 

The DFMTsme process consists of six steps; 1) requirement, 2) process 
model, 3) KPI selection, 4) compile manual, 5) compile workbook and 
6) verification. These steps are iterated five times and are supported by 
description models and checklists. 

The specification of requirements that the DFMTsme process is derived 
from has its origin in an analysis of the production method dissemination 
process – the DCT model. From the SME prerequisites it is concluded 
that SMEs in general have lack of time, resources and sometime skilled 
management. This implies that a method needs to be; implementation 
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supportive, specialist independent and object supportive. The 
dissemination process demands a clear logic and that the method is easy 
to assess. Networking and transfer activities require implementation and 
training support. 

Production methods constitute knowledge of how to, in a structured way, 
perform different activities or processes due to the production system 
development. Production methods could be characteristic in several 
different ways. One way is to use the scope of the method according to 
the philosophy-method-tool model. A general description model is the 
logic-description-support-presentation model, Figure B. 

Figure B. The logic-description-support-presentation model is a 
description model for representation of a production method. The logic 
is the core and determines the other layers. 

The DFMTsme process has been tested when developing a DFX method 
for a certain client. The method was developed in a significantly short 
time. The use of the DFMTsme process also makes it possible to share 
experiences and provides a skeleton of any method development project. 

One future activity is to further develop the DFMTsme process according 
to more general purposes. The result in this thesis also needs to be 
disseminated to fellow researchers and other interested parties. 
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1 Introduction 

In this first chapter the reader is introduced to the background of the 
research, to the research area and to the problem description. The 
research questions and delimitations are presented. 

1.1 An introducing example 
The MARK III concept was a flexible automatic assembly system that 
was developed in a series of research and development projects at IVF 
and KTH during the period 1991 to 1997. The concept was novel and 
had features such as the sub batch assembly principle and a stepwise 
expandable degree of automation (e.g. Langbeck, 1998). The concept 
was built as a demonstration assembly cell and the industry was invited 
to view the system. More than a thousand persons attended these events. 
Reports were written and licentiate and doctoral thesis as were coupled 
to the project. Many companies were interested and a couple of 
quotations were issued. But the concept was never adopted in industry. 
Why? This has been one of the fundamental questions that have initiated 
the work that is presented in this thesis. 

1.2 Small and medium sized enterprises in Sweden 
Small and medium-sized enterprises (SMEs) in manufacturing industry 
are in focus in this thesis. In this section issues for these SMEs will be 
described. 

1.2.1 The characteristics of SMEs 
There are two groups of general definitions of SMEs, one qualitative and 
one quantitative. Bolton (1971) suggests that a small business is owner 
managed, independent, and has a non-influential share of the market. 
There are also definitions related to the number of employees. These 
figures have varied during the years but one of the most common, used 
by EU, is that a company with less than 250 employees could be 
characterized as an SME. Most of the literature referred to in this thesis 
use the latter definition. However, according to the author’s own 
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experience from consulting in manufacturing SMEs, the first definition 
is also relevant and is also a base in later analysis in this thesis. 

The SME is not a scaled-down version of a large company. It has 
different characteristics. This must be considered when creating 
production methods for an SME environment. It is important to 
understand that within the SME definition there are a great variety of 
different companies and their ability to adopt new influences. One way 
to classify is to divide manufacturing SME into four groups; Low 
technology, Minimum-capability, Technological competence, and 
Research performers. A simpler division is Innovators or Technology 
users (EuroFutures, 2002). Unfortunately, in literature the SME 
definition is often unclear. This makes it hard to make scientific 
generalizations. One should be a little bit careful to assume that all 
SMEs are alike but a general description is a starting point. 

Small companies are subject to greater external uncertainty and greater 
internal consistency of motivation and action than large companies. This 
stems from that small companies often have large company customers 
and that the large gives small companies little bargaining power. This in 
turn leads to that the SME should be more reactive to the business 
environment and will have to redesign itself more often (Bradford and 
Childe, 2002). In general SMEs differ in three ways from larger 
companies: management, resources and organization. Regarding the 
management of the SME several authors have concordance in their 
findings (Ghobadian and Gallear, 1997; Macgregor, 2004; Penn et al., 
1998; Marri et al., 2003; Forslin and Thulestedt, 1993; Ylinenpää and 
Lassinantti, 1999). SME management seems to be small and centralized. 
A short-range perspective makes it easy to be absorbed by details. SME 
mangers have in general a high commitment but the management skills 
vary. However, the management in an SME is an important factor to 
consider in the implementation of new technology. Problems and 
obstacles occur if the management team does not participate in the 
implementation process. SMEs have limited resources, both financial 
and manpower (Shiels et al., 2003, Marri et al., 2003; Alstrup, 2000; 
Terziovski, 2003 and Caputo et al., 2002). Small companies often need 
external support if they want to implement new methods, e.g. quality 
management. The organization in an SME is often flat and informal. The 
flat organization gives in general little bureaucracy, good overview and 
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rapid intuitive decision-making (Penn et al., 1998;Ylinenpää and 
Lassinantti, 1999; Forslin and Thulestedt, 1993; Macgregor, 2004; 
Ghobadian and Gallear, 1997). A flat organization is also flexible which 
could make it easier to implement methods and to create an innovative 
climate, avoid bureaucracy and create a positive working climate with 
high motivation. With limited recourses and varying management skills 
it is hard to carry through long-term programmes for organizational 
development. 

1.2.2 The importance of SMEs 
SMEs are corner stones in the industrial structure. They do not only 
directly provide a major part of manufactured output but they are the 
essential seeds from which larger business grow as well (Johansson, 
2002). Johansson also states that SMEs are not usually a major source of 
economic trade but contribute as suppliers to larger, multinational 
companies. Furthermore, new small companies function as seedbeds 
from which larger export oriented domestic companies grow and 
emerge. However, small companies often remain small. According to 
Nutek (1995) do only a tiny part of the Swedish companies grow. The 
preconditions can be viewed from three different perspectives: the 
ability, the possibility and the desire to grow. In the long run the 
companies’ ability to compete is determined by applying new 
technology, new products and enhancement and use of the employee's 
competence (Nutek, 1995). 

1.2.3 The SME situation in Sweden 
Of approximately 12 800 manufacturing companies1 with at least 5 
persons employed in Sweden only 500 are larger than 200 employees 
and 8 600 have less than 10 employees. The larger companies have the 
largest turnovers in total, 490 billion SEK of 600 for the industry in 
total. 700 000 people are employed in the manufacturing industry today 
(Made in Sweden, 2005). Another 1.4 million are indirectly dependent 
of the industry mainly through the service sector. More than half of the 
companies are SMEs with between 20 to 250 employees. An analysis of 
financial data, from the period 2002 to 2005, in 4403 manufacturing 
companies (Kläppe, 2006) show that 1444 of the 2611 SMEs in the 
                                                 
1 SNI92:28-36 (2003) 
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study have less than 5 per cent profit margin and 508 are not profitable 
at all. SMEs have 6.7 stock turns per year in average. This could be 
compared to 9 stock turns in average for all studied companies and 12 
for the automotive suppliers in average. Stock turns are an indication of 
how effectively companies use their resources. Stock turns in 
combination with the profit margin indicate that there is a great 
improvement potential. World-class companies (e.g. Toyota) have 30 to 
50 stock turns per year (Helling, 2004). Knowledge of how to require 
this performance is needed. The competence level has a positive impact 
on the SMEs’ performance (Ramböll, 2006). However, the competence 
level in SMEs in Sweden can be improved. In the supplier tier of 
Swedish industry approximately 55 per cent do not have any university-
educated engineers (Axelsson and Lagerholm, 2002). Other countries 
have similar problems. McAdam and Reid (2001) state that the SME 
sector in Great Britain need to develop their understanding of knowledge 
management further as a key business driver rather than as a resource-
intensive additional initiative. Knowledge is a key factor. Furthermore, 
most SMEs do not, due to lack of resources and/or competence, have a 
developed knowledge management strategy. A small company has 
limited resources and has access to own experts in only a limited number 
of fields. It operates with small economic margins and the white-collar 
resources are limited and focused on operative productive work. Due to 
lack of economical resources, and not being exposed to new ideas, 
training and development are low prioritized (Forslin and Thulestedt, 
1993). 

There are several ways to increase the knowledge and competence, e.g. 
education, recruitment, through consultants, e-learning etc. However, 
companies cannot ask for knowledge they do not know about. This 
phenomenon is known as ”The Learning Paradox” which is a core 
problem to many SMEs (Reitberger, 2001). It implies that you have to 
learn enough to see what you need to learn. It also points out the 
necessity of a ”guide” to identify needs and find ways to satisfy them. 

1.3 Networks enable contact to external knowledge 
Most of the Swedish SMEs do not have the same possibilities as larger 
companies to establish contacts with research organizations (Made in 
Sweden, 2005). They do not adopt new methods that in many cases 
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could accomplish great performance improvements. The lack of contacts 
contributes to that often the researchers are not aware of SME problems 
and prerequisites. The lack of access to production knowledge is a 
problem to the SMEs and therefore could be a threat to the whole 
industry’s development. 

The possibilities to interact is also weakened by the fact that the 
understanding of SME prerequisites is low or as Yusof and Aspinwall 
(2000) put it: 

‘’Large companies tend to readily adopt any new 
management and new technology, be it JIT, MRP, TPM, 
concurrent engineering or WCM2 that comes in their 
way.” 

The small business managers’ understanding of industrial methods 
comes mainly from what they have been told by consultants, academics 
and experts, who may not have a real understanding of the context in 
which small businesses operate and the true constraints they face. Many 
researchers are advocating learning networks as means for technology 
transfer (e.g. Tell and Halila, 2001). In von Axelson (2005) networking 
was suggested as a major means for technology dissemination. Many 
other authors and innovation system actors also suggest small company 
networks as an arena for both dissemination of knowledge and 
developing and expressing of needs for new knowledge. Networks can 
be used as platforms for knowledge and technology transfer, either 
through co-operation in knowledge acquisition processes or through 
benchmarking or benchlearning (Expowera, 2004; Fagerström et al., 
2000). Terziovski (2003) concludes that networking practices have a 
significantly positive effect on business excellence in SMEs. Levin and 
Weström (2003) supports Terziovski and states that companies in 
cooperation with others, have a more favorable development regarding 
turnover and employment rate. Aggefors et al. (1994) state that networks 
between companies and other organizations are important for knowledge 
diffusion3 and growth. As a large proportion of SMEs are in crisis 
                                                 
2 WCM = World Class Manufacturing, JIT = Just In Time, MRP = Material 
Requirement Planning, TPM = Total Productive Maintenance 
3 Diffusion is the process in which an innovation is communicated through certain 
channels over time among the members of a social system (Rogers, 2003). 
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management rather than in pro-active learning situations they need to be 
encouraged to adopt a more participative style of collective learning. 
Support services need to be provided and resources pooled (Ahlström-
Söderling, 2003). Experiences from regional development programmes 
(SOU 1993:70) show that it is many times more effective to have 
strategically development programmes for groups of companies. These 
group activities must have their starting point in the actual needs in the 
companies. A major new task is to, in near cooperation, with the local 
key persons, identify these needs and support activities to fulfill them. In 
a recent large SME network programme, the krAft programme, networks 
have been used as an instrument to develop SMEs (Norbäck et al., 
2006). The programme had the ambition to develop the participants’ 
practical wisdom and business capabilities through enhanced 
understanding of their own business situations and the creation of 
sustainable learning structures within the company. Lessons learned 
from the programme show that there is a great potential in the SME 
network concept. 

1.4 The importance of systematic use of production 
methods 
There are many proven ways to improve performance through 
implementation of different methods, philosophies and tools like TPM, 
Six Sigma or Lean Production. The Ford mass production system is 
today considered as inferior to the production concept Lean Production 
regarding car manufacturing (e.g. Womac et al., 1990). Lean Production 
has its roots in the Toyota Corporation and its Toyota Production System 
principles are now spreading over the world due to its abilities to 
facilitate competitive production systems. Taiichi Ohno4 describes why 
it was developed (Helling, 2004, s. 26): 

”After the companies' crises during the 50's we learned 
that improvement of productivity and cost reduction 
demands development of both system for manufacturing 
of small lots and short lead times. It meant that we 
should manufacture only what could be sold and only 

                                                 
4 Taiichi Ohno (1912-1990) was one of the persons behind Toyota Production System 
and developed among other things the principles behind just-in-time production and 
kanban. 
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when it was possible to sell it. We came to an 
understanding that a strategy to enhance productivity 
only for economical reasons was not useful. Therefore 
we avoided imitating American principles for mass 
production.” 

Several researchers point out that today’s situation of rapid technological 
change and globalization is forcing business throughout the world to 
dramatically rethink their approaches for commercial success (e.g. 
Comstock, 2004). Helling (2004) describes a paradigm shift, Figure 1, 
from mass production to Lean Production where the old value of 
exploiting resources develops into a bottom-up supported continuously 
improved production system. 

Figure 1. The automotive industry has transformed during the last 
century. Craft production represents manufacturing in small volumes 
and specialized products. Mass production represents large volumes, 
standardized products and job separation. Art production represents 
middle-size production volumes, differentiated products and advanced 
product technologies. Lean production represents small and large 
volumes, total quality, continuous improvements and total commitment 
of human resources. (Helling, 2004) 

In times when outsourcing to low wage countries has become common, 
companies need to become more competitive and profitable. This is 
important in the entire supply chain. Scientific knowledge of engineering 
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within an innovative industrial decision process has a potential to 
improve quality and productivity in industrial operations and thereby 
improve profitability. This is in turn a precondition for economic growth 
(Sohlenius et al.). Production development is an alternative to 
outsourcing. Bengtsson et al. (2005) state that the ability to compete is 
clearly a function of the companies’ production ability and knowledge. 
The ”best” companies in the world accentuate education and training 
(Bäst i världen, 1991). They also use production methods that 
deliberately limit the time resources and therefore create a change 
pressure such as continuously improved lead-time targets through Just-
In-Time philosophies. External factors that characterize these companies 
are: cost focus, competition willingness and high customer focus. 
Internal factors are, among others: management and the employee's 
awareness of the necessity of high productivity and time-to-market 
shortening through e.g. concurrent engineering. Many companies have 
accomplished competitive advantage through developing their own 
methods. For example Motorola developed the Six Sigma concept and 
Toyota the Toyota Production System. In both cases these concepts have 
been critical success factors to them. From the automotive industry the 
principles of Lean Production disseminate to other lines of business and 
other types of manufacturing. Unfortunately, there is still skepticism in 
the SMEs to adopt methods, such as Lean Production, due to uncertainty 
of the benefits (Achanga, 2006). Many of the methods used in the 
automotive industry are developed according to their preconditions. 
When these methods are applied in SME situations the results vary. 
SMEs seem to have difficulties to adopt them due to, in many cases, bad 
presentations and motives for the methods. Hence, it is not likely that 
methods developed in one company are directly applicable to all 
Swedish manufacturing SMEs without further development, i.e. the 
development of new production methods. 

1.5 A need for a production method diffusion 
process 
The demand for specialist knowledge and research due to production 
methods is growing with increasing global competition. It is not 
sufficient for the companies just to follow the development but they 
must act more proactively. Knowledge becomes the company's most 
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important competitive priority (Svensson, 2002). Technology transfer is 
also a way to increase the efficiency in the innovation system. It gives a 
profitable utilization of the research and development (R&D) results, 
gives strength to the companies, supports R&D implementation when 
recognizing industry R&D problems and gives benefit through the 
feedback of experiences from the R&D companies. Particularly for 
SMEs with little R&D technology of their own, the need for transfer is 
unavoidable. Knowledge supply is necessary in order to be able to 
develop and put innovations5 to market (Pleschak). 

Production methods, when they are new, are innovations5. Innovation 
diffusion is the process in which an innovation is communicated through 
certain channels over time among the members of a social system One 
way to formalize the innovation diffusion process6 is to follow six main 
stages: 1) Needs/problems, 2) Research, 3) Development, 4) 
Commercialization, 5) Diffusion and Adoption, and 6) Consequences. 
The six stages do not always come in the same order and some may be 
skipped in certain cases (Rogers, 2003). 

The industrial research institutes in Sweden have an important role as a 
bridge between academia and industry. Research institutes have 
traditionally developed their own expertise through research and 
development work in areas that are supposed to have future strategic 
significance, without having a specified customer for the work being 
involved. They have also carried out problem-oriented research and 
development in collaboration with companies, universities and other 
research organizations and are commissioned to do research. In general 
terms, their work is based on existing knowledge that the institutes 
develop, refine and combine in new ways or apply to new situations and 
problems. The concept behind the institutes is to convert research and 
development results into profit. This has been accomplished primarily by 
transferring the results on an ongoing basis to existing Swedish 
companies, but also in some cases through spin-off companies (VFI 
2003:1). 

                                                 
5 An innovation is an idea, practice, or object that is perceived as new by an individual 
or other unit of adoption (Rogers, 2003). In this thesis a new production method is 
considered as an innovation. 
6 According to Rogers (2003) – ”The Innovation-Decision process” 
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The ability to adopt new technology is an important prerequisite for 
development and growth in SMEs. New technology could also make it 
possible to enhance the innovation ability (Aggefors et al., 1994). The 
competence development in SMEs is crucial for the possibility to grow. 
Knowledge and special competence are found for example in research 
institutes, universities and at consultants. A problem for those is to reach 
out to the SMEs (Nutek, 1995). Today a great number of knowledge 
providers are aiming to support SMEs besides the research institutes: 
ALMI, NUTEK, Swedish ESF, IUCs (Industrial Development Centres), 
The Innovation Bridge (Seven regional technology transfer 
organizations), Universities and consultant companies. The palette of 
actors seems to confuse many SMEs. In some regions there could be 
some 40 organizations with the objective to support SMEs. Hence, the 
innovation system structure for SMEs in Sweden has a great potential to 
be improved. 

1.6 Problem description 
Why are not new production methods used more? This question was the 
main one in the first half of this research project. This is described in 
von Axelson (2005) where the DCT model was presented, Figure 2. The 
model was derived from the conviction that a main problem was that the 
diffusion process is not effective. The model was developed from the 
following research questions: 

 

1. What different methods of knowledge transfer are in use today 
and how effective are they? 

2. What environmental factors affect knowledge transfer of 
competitive production methods? 

3. What preconditions do SMEs have regarding adopting 
competitive production methods? 
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Figure 2. The DCT model: Step 1) Companies need to be aware of the 
existence of the current competitive production method. Step 2) Arrange 
a workshop in which the companies are invited to join a cluster/network 
with other companies with the same interest. Step 3) The implementation 
of the method is supported in the different clusters (von Axelson, 2005). 

The main logic with the DCT model is that through a funnel process 
form networks as a mean for efficiency in the production method 
transfer process. This logic is still the core in this research. The core 
problem is not, however, why are not new production methods adopted 
more in SMEs? It is widely agreed, based on knowledge since the 1960s, 
that there are three generic sources of market failure (Geroski, 1994): 
Indivisibilities drive marginal costs below average cost and make 
marginal cost pricing economically unviable. Uncertainty causes agents 
to conflate decisions to produce or invest with decisions to bear risk, 
which in turn, leads them to choose to produce or invest too little. 
Externalities arise when the unpriced actions of one agent affect the 
profits of another. However, these sources of market failure do only 
explain the phenomenon on a system level. A significant problem is 
also, according to economical analysis (Section 1.2.3), the SMEs poor 
profitability and performance in general. From consulting and through 
research it is known that the use of different production methods in a 
strategic and systematic way, in general, results in positive effects on 
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production performance. In von Axelson (2005) it was also concluded 
that the presentation and design of production methods for SMEs is a 
problem area in the dissemination process. But how does the design and 
presentation of the production method affect the dissemination and vice 
versa? This connection could be presented as in Figure 3. 

Figure 3. The production method is as well affecting as affected by the 
diffusion process. 

Hence, it is necessary for industrial researchers to design and present 
methods in ways that make it possible for SMEs to adopt them. The 
network context provides an arena where needs of new or changed 
production methods could be expressed. However, there are few answers 
in literature regarding how production methods should be designed to 
meet the SME network context. Implicit in this problem description is 
the view that the academia and the innovation system actors own this 
problem – not the SMEs. 

1.7 Objective, research questions and delimitations 
In this thesis the objective and research questions are considered as 
guidelines both in the case studies and in the research project in general. 

1.7.1 Objective and aim 
The objective with the work presented in this thesis is to create better 
understanding regarding diffusion of production methods, in a network 
context, to Swedish SMEs among industrial researchers and other 
interested parties. The aim with this work is to present a development 
process for new production methods where the developed methods 

Diffusion to SMEsMethod
Development

METHODMETHOD

Demand on method characteristics

Prerequisites/needs

Method developer
SMEs

Diffusion to SMEsMethod
Development

METHODMETHOD

Demand on method characteristics

Prerequisites/needs
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should facilitate dissemination and implementation, faster and more 
efficient than today. 

1.7.2 Research questions 
The initial problem description through the research project was: Why 
are not new production methods used more in industry, and especially in 
SMEs? However this is a symptom and the question is reformulated 
into: 

How should research and development results regarding production 
methods be represented for better adoption by SMEs? 

This question is further divided into the following research questions: 

1. How does the dissemination process, for SMEs in a network 
context, affect the requirements of the representation, i.e. the 
description and presentation, of the new production method? 

2. How could knowledge regarding the dissemination process be 
integrated in the design of a new production method? 

Hence, the scope is focusing the creation of new production method for 
effective diffusion to SMEs. 

1.7.3 Delimitations 
This work focuses manufacturing SMEs normally positioned as 1st or 2nd 
tier in the supply chain that mainly is Technology users and not 
Innovators (Section 1.2.3). This work does not consider the combination 
of ownership and management of the SME, i.e. if the SME is owner-
managed or not. 

Even though this thesis has the innovation system as a platform the 
development process and the companies that will benefit from it are in 
focus, not the national innovation system. 

New production methods are in focus. The concept of new methods 
contains in this thesis both new methods that origins from research and 
development in research institutes and universities and old methods that 
need adjustment for SME prerequisites. 
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1.8 Outline of the thesis 
This thesis is structured according to Figure 4. 

Figure 4. The structure of this thesis follows more or less a traditional 
thesis structure where the problem is described in the beginning and the 
result in the end. 

The thesis is traditional in its design. In Chapter 1 the background and 
the problem description are presented. Chapter 2 presents the scientific 
approach, the science philosophy fundament and what scientific methods 
that have been used. Chapter 3 presents the characteristics, the creation 
and diffusion of production methods. In chapter 4 the dissemination 
process is more deeply analyzed and the dissemination process demands 
are identified and presented as a specification of requirements. Chapter 5 
presents the DFMTsme process that is one solution to the specification of 
requirements. In the final section, Chapter 6, the research results are 
discussed and further research is suggested. The different case studies, 
surveys and literature studies referred to in this thesis are described in 
Appendices. It is recommended by the author that the appendices are 
read before reading Chapter 3 and 4. 

Chapter 2
Scientific Approach

Chapter 6
.      Discussion and future research     .

Chapter 5
Presentation of the DFMTsme process

Chapter 4
Diffusion process

analysis
Dissemination, Clustering and Transfer

Chapter 3
Production method creation

and diffusion

Chapter 1
Problem description
Research questions

Appendices: 

• Case studies
• Surveys
• Litterature   
studies
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2 Research approach 

This chapter presents the scientific considerations and choices 
connected to the research project. 

2.1 Research context 
Every doctoral student and doctoral project has its background. This 
work is based on the desire to recover new knowledge regarding 
production method design and diffusion to SMEs from a research 
institute viewpoint. 

2.1.1 The research environment 
This thesis is one of the results from an institute development 
programme funded by KK-stiftelsen7. The programme’s objective is to 
elevate the competence at the research institutes by providing 
opportunities to institute employed personnel to perform a postgraduate 
education. IVF8 and the author together chose the field for this project – 
to study the process in which technology in the form of new production 
methods is developed and disseminated to industrial companies. SMEs 
are particularly in focus. The research project has been conducted during 
a fulltime employment at IVF. All empirical studies have been made in 
research and development projects within this employment. 

There are several parties interested in this research project: IVF, as 
receiver and user of the research results, Royal Institute of Technology 
(KTH) – as an interaction arena between science and industry, KK-
stiftelsen – as initiator of the programme, fellow researchers and the 
research society – as receivers of the result, different regional actors 

                                                 
7 Knowledge Foundation (www.kks.se) 
8 IVF Industrial Research and Development Corporation is the Swedish engineering 
industry’s research institute that has the mission to strengthen its customers’ 
competitiveness by carrying out applied research and development in close conjunction 
with industry (www.ivf.se). 
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such as IUCs9 and their customers and SMEs that in the end will benefit 
from the results. 

2.1.2 On science philosophy and this research project 
Science has always been associated with seeking, finding and describing 
the truth or new knowledge. An example: In the early work of Frederick 
W. Taylor he sought the optimal cutting speed and feeding in metal 
cutting machines. He found that these two variables depended on 
fourteen different parameters, from the quality of the metal to the pulling 
power. It took him twentysix years to collect all the data he needed and 
another fifteen years of the best mathematicians to solve the problem 
and present a solution of three basic equations as an answer to the 
problem (Taylor, 1914). 

Technology transfer and innovation diffusion are complex areas with 
many different actors and variables. If one looks only upon the 
organization in a company where a production method should be 
implemented there are, according to Porras and Robertson (1992), many 
different factors that constitute the organizational work setting (Table 1). 

Table 1 Factors constituting the organizational work setting (adapted 
from Porras and Robertsson, 1992) 

Organizing arrangements Goals; Strategies; Structure; Administrative 
policies and procedures; Administrative 
systems; Reward systems; Ownership 

Social factors Culture; Management style; Interaction 
process; Informal patterns and networks; 
Individual attributes 

Physical setting Space configuration; Physical ambience; 
Interior design; Architectural design 

Technology Tools, equipment, and machinery; Information 
technology; Job design Work flow design; 
Technical expertise; Technical procedures; 
Technical systems 

 

                                                 
9 Industiella UtvecklingsCentra, Free translation: Industrial Development Centra 
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To find the solution in this ”equation system” is probably not possible 
even though there are super computers and well-developed Design-of-
Experiment methods. Hence, the conclusion must be to admit that 
seeking the ”truth” in this area is quite a naive quest. Different scientific 
fields have different prerequisites and requirements. Natural science 
seeks high repeatability in experiments in order to find models that 
describe and predict behaviors. Different from this truth seeking, social 
science does not have the possibility of high repeatability. The social 
scientists must explain their investigations and experiments thoroughly 
for others to interpret the results. There is also a difference between 
basic and applied science. Basic science produce research results in 
order to find new knowledge that can be used later. Applied research 
seeks solutions to given problems or needs. This is described in 
Svensson et al. (2002) where two models are discussed. 

Table 2 Two fundamental models for research (adapted from Svensson 
et al., 2002) 

 Model 1 Model 2 

Relations Hierarchical Equal 

Control The academic field Problem based, joint action 

Objective Theoretical understanding Usefulness 

Form Institutionalized Flexible 

Time perspective Long term Short term 

Attitude Distant Interactive 

Responsibility Towards science society A wider and social 

Actors Scientist Scientist-practitioner 

Knowledge type Generic  Specific, context bounded 

Focus Theory development Development and benefit 

Planning Predestined Dynamic 

Availability Closed Open 

Work methods Discovery - change Simultaneous discovery and 
change 

Authorization Professional rules Internal scientific and external 
from society 

 



  18

Svensson et al. state that companies and organizations expect that the 
conducted research should provide foundation for concrete decisions and 
attitudes here and now. This demands a more problem-oriented 
approach. There are as well advantages as disadvantages with the two 
models. Model 1 provides free and committed research with a critical 
attitude for a long-term knowledge search but risks that results and 
knowledge do not match the surrounding society. Model 2 corresponds 
more to the society where knowledge tends to be a major production 
factor. Maybe the risk with too short a time perspective is inherent in 
Model 2. The question is how research can be organized in order to 
combine scientific demands with relevance. Action research has been 
proposed as an alternative to the two models. 

2.1.3 Action research 
Despite the innovation diffusion research through 50 years, researchers 
are still struggling with questions like: Why are not new methods used 
more in industry? An interpretation is that production system researchers 
are not familiar with innovation diffusion research. As an action 
researcher you get the opportunity to work from the inside of a group 
and also from the outside by traditional means, such as papers and 
reports. Action research is based on the psychologist Curt Lewin’s (e.g. 
Westlander, 1999) texts from the 1940s. He is considered to be the 
”father” of action research. The main objective with the research 
methodology was to help the practitioner. Lewin did not advocate 
research that only resulted in publications and his view: 

”There is nothing as practical as a good theory.” 

is often quoted. Action research has evolved and there have been various 
definitions during the years. 
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One of the definitions useful for describing action research is (Altrichter 
et al., 2002): 

”Action research is a form of collective, self reflective 
inquiry that participants in social situations undertake to 
improve: (1) the rationality and justice of their own social 
or educational practices; (2) the participants' 
understanding of these practices and the situations in 
which they carry out these practices. Groups of 
participants can be teachers, students parents, 
workplace colleagues, social activists or any other 
community members - that is, any group with a shared 
concern and the motivation and will to address their 
shared concern. The approach is action research only 
when it is collaborative and achieved through the 
critically examined action of individual group members.” 

The practical implications of using action research, as a research 
method, is originally described by Lewin and later improved by many. 
Altrichter et al. (2002) suggest a model that consist of four steps: 
Planning, Acting, Observing and Reflecting (Figure 5). This model is a 
simple and continuous process, which involves research and 
development, intellectual inquiry and practical improvement, reflection 
and action. 

Figure 5. The action research cycle (adapted from Altricher et al., 2002) 
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Which scientific approach that fits the context best in this research 
project has been discussed together with supervisors and colleagues. The 
action research model fit the research environment well but could be 
hard to execute. Therefore the choice has been to perform the research 
project inspired by the action research model. In the research project, 
knowledge has been built up generally in two ways, through literature 
studies and through different studies. This is further described in the 
following sections of this chapter. 

2.2 A research project inspired by action research 
According to the previous section the research project has been planned 
and executed according to Figure 6. 

Figure 6. The objective with the research project is set by the interested 
parties and carried out in the research domain. Reflections and 
conclusions have been collected during the project according to the 
Synopsis method (Section 2.2.4). 

Research domain

Interested party domain

Objective

Planning

Interaction

Observation

Reflection Planning

Interaction

Observation

Reflection

Articulation – The synopsis method
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2.2.1 Planning – literature reviews 
Literature reviews with the objective to seek current knowledge of 
technology transfer have been carried out. The process of diffusion of 
production methods to SMEs covers many research fields. The width of 
the area for this thesis requires a multidisciplinary approach were the 
process has been illuminated within different large research disciplines 
such as: Knowledge management, Organizational learning, Technology 
transfer, Socioeconomics of innovation, Transorganizational 
development, Organizational development, Operations management and 
Education and training. The literature study was made as an information 
retrieval in three steps: 

• The first retrieval was made early in the project in order to 
become familiar with the research field. It was carried out after 
the problem and the research questions were decided. 

• The second retrieval was more specific and the number of key 
words was increased. Specific publications were derived from 
reference lists from the earlier literature study. 

• The third retrieval was carried out in search for specific literature 
needed for certain questions or in areas where the already found 
material was not extensive enough or could be questioned. 

Main sources of information have been research databases as: Emerald10 
and Elsevier11, but also the Internet search engine Google12. Key words 
that mainly have been used were: knowledge, technology, transfer, 
management, sme, learning, adoption, diffusion and implementation. 

Certain research journals have also been covered during the research: 

• Journal of Industrial Training 

• Journal of Knowledge Management 

• Journal of Small Business and Enterprise Development 

• International Journal of Operations & Production Management 

                                                 
10  www.emeraldinsight.com 
11 www.elsevier.com 
12 www.google.se 
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The results from the literature review have been a target for source 
criticism in two steps: 

1. Is the source valid? I.e., does the source provide knowledge due 
to the scope of this thesis?  

2. Is the source reliable? I.e., does the source appear genuine, 
objective and reasonable new?  

Approximately two thirds of the retrieved literature has been rejected 
due to this process. The results are presented in chapters 3 and 4. 
Internet sources are used to some extent in three cases this thesis. In two 
of the cases (Expowera, 2004; Valumodel, 2007) reports have been 
downloaded and then the publication has been reviewed according to the 
above process. In the third case (Industry Forum, 2007) the website have 
been use for background material. 

2.2.2 Interaction – Planning and execution of case 
studies 
During this project there have been mainly two groups that the author 
has interacted within: 

• The IVF production development group, where mainly method 
design and dissemination/implementation issues have been 
concerned 

• The group at the Royal Institute of Technology (KTH), where 
production method development processes in mutual projects 
have been concerned 

This interaction phase has been addressed through various activities such 
as arranging and performing seminars and workshops, writing research 
applications together with other researchers, participation in and leading 
research projects and supervising graduate students. Since the groups 
have varied during this research project period no actual assessment of 
the change of the behavior have been performed. 
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2.2.3 Observation – Case studies and surveys 
Different case studies, surveys and focused literature studies have been 
carried out within the scope of this research. The objective with each 
research activity has been to further illuminate a part of the technology 
transfer process, Figure 7. Nine different studies have been made, four 
case studies, three surveys and two literature studies. 

Figure 7. The different studies’ connection to the scope of this thesis. 

The case studies that have been performed are found in Appendix 1. In 
short the case studies are: 

• The PABIS13 case study, where the purpose was to develop and 
assess a knowledge transfer process. The study was performed as 
a development and consultant assignment. 

• The ALFA case study is an evaluation of a production method 
development project. The study focused on the method 
development process and the development group. 

• The TIME2 case study had the objective to find a systematic way 
to develop production methods for SMEs. The studied issue was 
the methods’ development in interaction with the development 
group and the respondents – manufacturing SMEs. 

                                                 
13 PABIS is a acronym from ”Produktion Av Bränsleceller I Sverige - en möjlighet!” 
Free translated: Manufacturing of fuel cells in Sweden – an opportunity! 
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• The DFX case study was carried through in order to test the 
general model for production method development in an SME 
context. 

The surveys that have been performed are found in Appendix 2. In short 
they contain: 

• The TIME survey had the purpose to investigate the relationship 
between the production method creation and transfer processes in 
a research project. The case study was conducted as a semi-
structured interview. 

• In the DFA2 project survey the objective was to investigate how 
the industrial need in relation to the knowledge creation process 
has been considered in the DFA2 development project. The 
survey was carried through with unstructured interviews and a 
literature review as methods. 

• The Network survey, Lean Production implementation in SMEs 
by using learning networks, was carried out in order to find 
success factors in SME networking by interviewing SME 
network participants and coordinators. 

Some specified literature studies have been carried out and are presented 
in Appendix 3. In short they contain: 

• Revealing the nature of production methods is a review of 
current production methods from the viewpoint of the main 
historical production system movements. 

• Analysis of methods for SMEs, a literature study in order to find 
general characteristics of a production method adjusted for 
SMEs. 

An ongoing project, the ModArt project (ModArt, 2007) is also used for 
exemplification and for verification activities. Results and examples are 
embedded in Chapter 4 and 5. 
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2.2.4 Reflection and articulation 
It is important to reflect and articulate continuously in order to be able to 
communicate findings and reflections. The retrieved knowledge is often 
tacit and not yet articulated. The formulation of tacit knowledge into 
explicit knowledge is called articulation according to Nonaka (1994). 

The main method that has been used in the reflection phase was a 
qualitative comparative analysis. In this analysis the sources from the 
literature review was compared with the results from the case studies, 
surveys and literature reviews according to Figure 8. The result of this is 
presented in Chapter 3 and 4. 

Figure 8. Comparative analyses of the material from the literature 
review and the different case studies, surveys and literature reviews 
have been conducted in order to convert the research questions into a 
specification or requirements (Section 4.5). 

The Synopsis method has been used in the articulation of this thesis and 
is, according to Gröndahl (2001), a simple method that helps you 
structuring your thinking, work and writing. This method is helpful in 
the articulation phase. The synopsis is basically, in the beginning, a 
report skeleton with chapter and section headings and more of a project 
plan. In the end, after several modifications, it is a complete report.  

Research
questions
Research
questions

Specification
of requirements

Specification
of requirements

Analysis:
• Concordance?
• Differences?
• What general conclusions could be drawn?

Analysis:
• Concordance?
• Differences?
• What general conclusions could be drawn?

Literature review
(What have others said?)
Literature review
(What have others said?)
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(What are the experiences of the author?)

Cases and surveys
(What are the experiences of the author?)
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The following repeating procedure has been used within this project: 

1. Write a synopsis which includes: a description of the problem, an 
objective formulation with corresponding research questions, a 
plan to carry out research activities that (hopefully) will answer 
the research questions and a report structure with chapters and 
sections. 

2. Conduct research activities such as case studies, surveys and 
literature reviews 

3. Synthesize and formulate a report text. In the beginning of the 
work more questions were raised rather than solutions. In the end 
there were more focus on conclusions rather than on new 
questions. 

4. Assessment together with the supervisors, i.e. how does new 
findings fit into the current view? 

5. Modify the synopsis continuously as the work proceeds and 
insights increase 

This method has been used in the process of reflecting and articulation 
of the research results from the different research activities. The research 
project has resulted in two major articulations: a Licentiate thesis (von 
Axelson, 2005), and this doctoral thesis. The research results have also 
been presented in several other ways during the project through: 
newspaper articles, planning, preparing for research and development 
projects, workshops, seminars and media interaction were the research 
has been covered by different newspapers, Table 3. 
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Table 3. Description of the different research projects and their 
publications 

Project Publication type Co-authors Reference 

PABIS Slide presentation Lars Avellán Appendix 1:1 
ALFA Handbook, Chapter 4, 

The ALFA process 
Kerstin Dencker 
Peter Gröndahl 
Stefan Tangen 

Appendix 1:2 

TIME2 Workshop plan, Slide 
presentation 

Ulrika Harlin 
Per Gullander 

Appendix 1:3 

DFX A Excel-based DFX-
tool, slide presentation

- Appendix 1:4 

TIME Handbook Monica Bellgran 
Sabina Fjällström 
Per Gullander 
Ulrika Harlin 
Arne Ingemansson 
Mats Lundin 
Torbjörn Ylipää 

Appendix 2:1 

DFA Handbook 
Newspaper article 

Kurt Rapp Appendix 2:2 

Network Journal article - Appendix 2:3 
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3 Creation and diffusion of 
production methods 

In this chapter different aspects and angels on production methods, their 
creation and diffusion are presented. 

3.1 A market view of production methods 
The TIME project (Appendix 2:1) was a collaboration project between 
industry, universities and IVF. The scope was to investigate how 
information systems and technology could be used for improvement 
work in a shop floor environment. In the beginning of the project the aim 
was unclear and expressed in terms of a methodology and a toolkit. Later 
in the project the decision was to make a handbook from the experiences 
from the project and present a new method. The late decision contributed 
to that the handbook was not fully field-tested. The method had to be 
further developed after the project. This development process is 
described in the TIME2 case study (Appendix 1:3). In this case the 
market view of the methods in this area was not thoroughly investigated. 
This was one of the major factors that contributed to the need for 
additional development work. 

Production14 methods constitute knowledge of how to, in a structured 
way, perform different activities or processes due to the production 
system development. Many production methods and technologies are 
developed in universities and research institutes. When a new production 
method is going to be developed, it is important to know if it is really 
needed. This might sound obvious but in the DFA2 case (Appendix 2:2) 
the new method have been questioned. 

                                                 
14 In literature there is a disagreement regarding the terms “manufacturing” and 
”production” due to which one is superior (e.g. Bellgran and Säfsten, 2005, pp 62-63). 
In this thesis “production” is considered superior, i.e. a wider definition, over 
”manufacturing”. Hence, “Production” not only contains the manufacturing process but 
also the surrounding system. 
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There is an explanation to why developed methods are not widely 
spread. With a cost-benefit analysis it is possible to analyze the need. 
Machlup (1980) discusses knowledge creation from a market point of 
view. This implies the presence of two groups, one offering knowledge, 
the other desiring to acquire it and is willing to pay for it. Machlup also 
suggests making benefit and cost benefit analysis; Table 4, for projects 
or government action programmes. 

 

Table 4. Five levels of cost benefit analysis (adapted from Machlup, 
1980) 

Level of cost 
benefit 

Description of level 

1 Do others find this method development proper? 

2 Is there a public interest for this method or does it fit in a 
justified programme? 

3 Does the method have a clear logic due to a described 
problem or need? 

4 Is the method motivated from a theoretical analysis of its 
impact? 

5 Is the method motivated from an actual calculation of 
benefits and costs in which all or much of the required 
information is available and utilized? 

 

This model does not fit all cases in creation of new methods/technology, 
but is helpful in most cases. Usually a Level 2 to 3 evaluation is needed 
when applying for research and development funding in government 
applied research programmes. Before a method development project a 
Level-4 evaluation is preferable and a Level-5 to provide the end-users 
with adequate decision material. This in turn affects the method 
development process. In the diffusion process information is needed of 
what effects the new production method is capable of. This is further 
described in section 3.5. 
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3.2 How methods are created 
Production methods are, when they are developed, articulated 
knowledge of how a process is performed. Several researchers (e.g. 
Nonaka, 1994; von Krogh et al. 2001; Leonard, 1998) describe the 
knowledge creation process. As previously stated many methods and 
technologies origins from universities and institutes. 

According to Braun et al. (2000) knowledge management in research has 
five aspects: 

• Content. Knowledge must be identified and captured. It is also 
important that the transfer knowledge itself must be separated 
from other knowledge. 

• Context. E.g. definition of a shared language is the key to 
success. It is also important to define clear objectives to deliver 
benefit. 

• Process. Knowledge input and access to knowledge must be easy 
and part of the daily business process. 

• The culture must encourage and reward sharing of knowledge 
within the research institute. The question of ownership and 
usage of knowledge must be carefully addressed. 

• Infrastructure. I.e. computer technology provides the tools and 
infrastructure. The technology works as an enabler for fast 
knowledge storage and retrieval within the knowledge areas. 

To get an effective and suitable knowledge management process, it 
should be general but also give guidelines to the persons who will work 
within it and also possible to be benchmarked (Braun et al., 2000). But 
how is a new method born? Knowledge and different methods must 
come from somewhere. Someone must have initiated the thought and 
developed it. von Krogh et al. (2001) describe knowledge and state that 
the aim for a knowledge creation process is to improve the potential of 
creating innovations and improvements within knowledge domains. A 
knowledge domain consists of relevant data, information, articulated 
knowledge, such as handbooks, manuals or presentations and a list of 
key people and groups with tacit knowledge based on long-term work 
experiences.  
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The group as well as the environment where new production methods 
are created is important. In the TIME project (Appendix 2:1) the 
research group was assembled from three different universities and one 
institute. The break-through knowledge was not created until the latter 
half of the project when the group had become more mature. Hence, the 
project team of a production method creation process affects the lead-
time in the project. A more mature group could develop knowledge 
faster. The downside with a tight and mature group could be that it might 
be shielded from outer influences that could limit the outcome. 

Knowledge creation processes typically take place in five phases in a 
group of limited size from 5 to 15 persons (von Krogh et al., 2001): 

1. At first the knowledge domain members start by creating 
collective tacit knowledge by jointly experiencing new work 
processes, tasks, technological characteristics, use of 
technologies, customer sites, etc. 

2. In the second phase the team attempts to make these collective 
experiences explicit, through agreeing on proper, just and 
accurate descriptions of their experiences. These descriptions in 
turn are used in a brainstorming fashion to develop new concepts 
based on their experiences. 

3. In the third phase the concept is being matched against market 
needs, strategies, goals and so forth. In this step customers could 
be invited to review the concept. 

4. If the concept passes the third phase it is transformed into a 
prototype. 

5. The last phase is to integrate the newly created knowledge in the 
existing knowledge domain. 

Phase number five contains all the activities to develop the method from 
a prototype to a usable and commercially salable product. This takes a 
lot of effort. The TIME (Appendix 2:1) and ALFA (Appendix 1:2) cases 
describe the difficulties to develop methods due to limitations in the 
projects and unstructured development methodology. In both cases the 
projects were quite linear with small opportunities to reflect and re-plan 
the development project. However, in literature there are development 
processes described which allow the developer to iterate and work more 
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cyclic. While restarting the process one must formulate and articulate the 
results and thereby drive the knowledge creation process further. In this 
way there are better possibilities to include the tacit knowledge into the 
new method development. 

One useful model describes how the result, in this case the renewal of an 
manufacturing industry, is developed from a preliminary proposal to a 
final, in several development cycles (Ranhagen, 1989), Figure 9. 

Figure 9. By working through the project cycle multiple times the tacit 
knowledge is allowed to be included in the method development. 
A=Plan, B=Diagnose, C=Demand formulation, D=Develop 
alternatives, E=Assess and choose alternative, F=Detail alternative, 
Implement step-wise, H=Follow-up and assess (Ranhagen, 1989). 

The purpose of this model is to decrease the risk that the solution does 
not fulfill the requirements. Other positive effects are that when the 
development group learns and formulates the method this, now 
articulated, knowledge could be used to improve the method. The project 
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teams creativity is stimulated continuously in this way. Another useful 
tool when developing new production methods is a generic development 
process. In literature there are not many methods for the development of 
methods in general – i.e. meta-methods. One that is used for developing 
DFX15 tools is built on six general steps (adapted from Huang, 1996): 

1. Requirement analysis, what is the method for, and why? 

2. Modeling the process, which it should support 

3. Selecting performance measures 

4. Compiling a manual 

5. Compiling workbooks 

6. Verification of the method 

Huang’s procedure in combination with the cyclic procedure, described 
in Figure 12 (Ranhagen, 1989) was tested in the DFX study (Appendix 
1:4) with expected results – short lead-time and a defined method. This 
procedure constitutes one of the fundaments in the DFMTsme process16 
presented in chapter 5. From the TIME (Appendix 2:1 and 1:3) and 
ALFA (Appendix 1:2) projects experiences are drawn that developing a 
new production method takes a long time. When the logic is found it 
must be articulated and field-tested several times in order to find the 
most effective design for the SMEs. One conclusion to draw is that the 
project planning and execution of the method development are major 
factors to consider. 

3.3 Different ways of describing production 
methods 
To be able to develop new production methods it is important to 
understand the context and environment coupled to the method. In some 
cases the method could be used without knowing the context but there is 
a need to find out if the method is suitable in the company’s own 
context. For the method developer this must be clear when formulating 
and representing a method.  

                                                 
15 Design for X (X=anything). E.g. DFA=Design for Assembly 
16 An abbreviation for Design For Method Transfer to SMEs 
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In the ”Revealing the nature of production methods” assessment 
(Appendix 3:1) it was concluded that production methods could be 
described and connected in three levels according to the P-M-T model: 

• Philosophy that provides general guiding principles 

• Methods support the user in how to perform processes 

• Tools, or guidelines, help the user both what to do and how to do 
it on an activity level 

One reason to connect the production method to its context is that the 
adopter more easily could determine if the method is interesting to use 
and if it fits into the company’s environment. There is also a time 
perspective coupled to the different levels both regarding development 
time and implementation. A tool is probably developed and implemented 
in a shorter time than a method. A philosophy has a very long 
implementation time. For example: it took Toyota 40 years to develop 
The Toyota Way (Liker, 2004) but shorter time to develop SMED17. This 
implies that tools and methods could be developed in single projects but 
philosophies need series of projects to be developed. Using the P-M-T 
model is one way to connect any method to its environment and context. 

                                                 
17 Single Minute Exchange of Die is a method to shorten the tool set-up time in shop 
machines. 
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Grünberg (2007) uses an evaluation tool for different improvement 
methods. It contains six factors: 

• Specialist independent, i.e. is the method dependent of 
specialists? 

• Competence supportive, i.e. does the method support competence 
development within the scope of the method? 

• Implementation supportive, i.e. is the method supportive for 
implementation?  

• Measurement based, i.e. to deal with vague problem descriptions 
a method need to cause measurable effects. 

• Object supportive, i.e. is the method clear about its objectives. 

• Organizational supportive, i.e. is the method coupled to an 
organizational plan? 

All these factors are important for SMEs. Based on the SME 
characteristics (Section 1.2) a method should be at least specialist 
independent, implementation supportive and be object supportive due to 
the SMEs lack of resource and time. For dissemination and 
implementation reasons it should also be based on measurement. 

Production methods are ways to describe the knowledge of how and why 
to solve a task or to carry out a process or procedure. In the DFA2 study 
(Appendix 2:2) it was concluded that the industrial need must be clearly 
expressed and communicated. Does the method really solve the 
problem? In the DFX case (Appendix 1:4) it was confirmed that a 
success factor is, during the method development project, good 
communication of the objective with the method. One should not forget 
that methods are means and not objectives. The important thing is the 
result or change that the method moderates. The purpose with a method 
is to accomplish a specific behavior in an organization. This requires a 
clear logic and that there are proper descriptions and support connected 
to the tool. The knowledge is the content and the method is the logical 
structure that carries it. Rogers (2003) uses the terms hardware and 
software to describe a technology’s different aspects where the hardware 
consist of the tool that embodies the technology as a material or physical 
object. The software aspect consists of the information base for the tool.  
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In the SME literature study (Appendix 3:2) thoughts were born to 
describe a production method in different layers, Figure 10. The logic – 
What is the innovation?18 – in turn demands a context, a description – 
How does it work? Different methods need to be described in different 
ways due to the methods complexity or other characteristics – Why does 
it work? The method sometimes needs support such as templates or 
information system/technology. Finally the method needs to be 
presented to the potential adopter. The logic-description-support-
presentation model also deals with the need, due to the production 
method diffusion process, to describe and present the method. 

Figure 10. The logic-description-support-presentation model is a 
description model for representation of a production method. The logic 
is the core and determines the outer layers. Modules, instructions and 
JPAs are further described below. The author has been developed this 
model for production method description and development project 
planning. 

                                                 
18 What, how and why does it work? are questions coupled to the three knowledge’s 
described in Rogers (2003): Awareness-, how-to- and principle-knowledge. 

Modules

Instructions

JPAs

Subject/Action/Logic
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There are several ways to present a method and its logic, description and 
support. Campbell (1999) points out three ways of describing and 
communicating supporting methods in general: 

• Job performance aids (JPAs), i.e. procedural guides, worksheets, 
checklists, decision tables and flowcharts 

• Instruction sheets to provide a clear, understandable explanation 
for information, assignment and procedure purposes 

• Modules, or more commonly called training, learning or 
instructional packages, deliver clear and concise instructions on 
one or more learning objectives 

Description of the logic could be done in various ways. One way is used 
in Value-based thinking (Valuemodel, 2007) where the logic could be 
described as a function. A function has three parts: A subject, the action 
and an object. An example: A watch (subject) tells (action) the time 
(object). A subject could have more than one action/object relations. 

If the production method is developed for a wide group in industry the 
companies have most certain different maturity levels due to the 
methods objective. How do you know if a company is mature enough for 
a certain production method? For example: It is hard for a company to 
carry out simulations if they do not have a proper data collection system 
(production data). Somewhere in the diffusion process the preconditions 
in the receiving company needs to be assessed against the characteristics 
of the method in question. A diagnostic tool can point out what needs to 
be developed in a company in order to make it possible to implement the 
production method. It could also be used as a self-assessment tool during 
the implementation. For example Gullander (2004) has in the DAISY 
project studied DES19 implementation and suggested a stepwise model, 
Figure 11, for DES implementation with proposed activities to reach the 
next level of maturity. 

                                                 
19 Discrete Event Simulation 
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Figure 11. Suggested activities to reach the next level of maturity. An 
example from discrete event simulation (DES) implementation. 
(Gullander, 2004) 

This approach could be generally applied to productions methods if a 
maturity index and activities to reach the next level is developed 
together with the method, i.e. implementation support. If the company in 
question has been assessed to a certain level of maturity it is easier to 
advice or take proper activity steps to reach a target level of choice. 

3.4 Production methods for SMEs 
Is there a need for adjusting methods for the use in SMEs? A well-
designed product is a success factor for later dissemination and adoption. 
Regarding the development of the method, how should methods be 
designed to fit an SME context? McAdam and Kelly (2002) conclude 
that there is a danger that the application can be over-systematized and 
bureaucratic, resulting in the SMEs being distracted from their main 
goals and consuming scarce resources. In short McAdam and Kelly 
mean that methods for SMEs should be as little bureaucratic as possible. 
The statement fits the general SME characteristics described in section 
1.2. In literature review on production methods for SMEs (Appendix 
3:2) the best production method descriptions for SMEs are exemplified 
in a do-like-this manner and provide examples, checklists and templates. 
In other words: the method should be easy to understand and use. Hence, 
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the logic needs to be clear and followed up by easy-to-follow 
descriptions and support tools. 

An example: The BUNT20 programme (e.g. Hörnell and Reitberger, 
1995) was carried out between 1989 and 1992. The main element was to 
give SMEs consultant support to formulate and strategically anchor 
needs of new technology and new knowledge. Within a sub-programme 
to BUNT some 250 manufacturing companies with between 20 and 200 
employees used the offer regarding 20 days of consultant support to 25 
per cent of the cost. The difference between BUNT and similar 
programmes in England, Canada and Ireland was the extensive drive to 
develop a toolbox and a corresponding training program for the 
consultants coupled to the programme. The tools where derived from 
larger companies’ well-established methods which were adjusted for 
SME use. The BUNT programme shows that the methods need to be 
adjusted for their needs to reach the SMEs. 

3.5 Diffusion of new production methods 
There are different models used for describing technology diffusion. The 
diffusion of technology is measured as the cumulative number of 
adopters and conforms usually to an exponential curve. The exponential 
pattern could be in three different shapes: simple exponential, modified 
exponential and S-curve (Purohit and Kandpal, 2004). The most 
common ones used to describe technology diffusion is the S-curve 
(Karhenas and Stoneman, 1994; Rogers, 2003). The S-curve is 
characterized by a slow initial growth, followed by a rapid growth after a 
so-called take-off point and then again slow growth until an upper limit. 
There are several descriptions and mathematical expressions of the S-
curve such as: The Bass model, the Gomperetz model, the Logistic 
model and the Pearl model (Purohit and Kandpal, 2004). However, 
Damsgard and Lyytinen (1999) have in a study regarding EDI21 
diffusion in Finland concluded that technology diffusion is a mixture of 
institutional, technological, socioeconomic and cultural factors which 
current diffusion models have difficulties to describe. In situations where 
                                                 
20 BUNT = BedriftsUtvikling genom Ny Teknologi (in Norwegian) = (free translation): 
Company Development through New Technology 
21 EDI = Electronic Data Interchange is used mainly as a supply chain communication 
system 



  41

there are several connected potential adopters, like in an industrial 
network, they suggest multiple units of analysis and multiple levels of 
theory in order to deal with this problem, Figure 12. Hence, technology 
diffusion is a complex area. Production methods have a broad range of 
characteristics, from philosophies to single tools. It is therefore difficult 
to predict a detailed diffusion pattern for the type of technology that 
production methods constitute. 

 

Figure 12. When adoption of an innovation involves two or more 
independent adopters, traditional analysis is not sufficient; a network-
based concept could be used. Traditional diffusion analysis (A) and 
diffusion pattern based analysis (B). (Damsgard and Lyytinen, 1999) 

Therefore, in this thesis the diffusion models are not used for analyzing 
diffusion patterns for prediction, they are used only for description of the 
diffusion process. The diffusion process implicates that potential 
adopters make adoption decisions.  
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A general process of innovation-decision is presented by Rogers (2003) 
and describes the adoption of innovations in five steps: 

1. Knowledge, i.e. acquire the knowledge of the existence of the 
technology 

2. Persuasion, i.e. the potential adopter get the possibility to grasp 
the technology’s characteristics and understand its potential in 
relation to the own production system 

3. Decision, i.e. the potential adopter test the technology and decide 
whether it should be implemented or not 

4. Implementation, i.e. the adopter builds up necessary competence 
to implement the technology in the business context 

5. Confirmation, i.e. the adopter use, standardizes and improves the 
technology and seeks reinforcement of the innovation-decision 

A principal picture of innovation diffusion is given in Figure 13. Curve 
A describes the knowledge regarding the new technology and curve B 
the decision for technology adoption. The B-curve has in general lower 
inclination than the A-curve (Giertz and Reitberger, 1987). 

Figure 13. Principal description model for technology diffusion 
(adapted from Giertz and Reitberger, 1987). The A-curve represents the 
knowledge of the technology and the B-curve the time for adoption 
decision. 
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Different types of innovations have different diffusion speed. In the 
United States different innovations where analyzed regarding to the 
number of years taken for 50 per cent of the potential adopters to acquire 
the innovation (Karshenas and Stoneman, 1994)22, Table 4. 

Table 4. Years to acquirement of different innovations for 50 per cent of 
the potential adopters (Karshenas and Stoneman, 1994) 

Innovation Years to acquirement for half 
the potential adopters 

Industrial robots 12 

Numerically controlled machine tools 5 

Diesel locomotives 9 

Centralized traffic control 14 

Car retarders 13 

Continuous wide strip mill 8 

By-product coke oven 15 

Continuous annealing 13 

Shuttle car 5 

Trackless mobile loader 6 

Continuous mining machine 3 

Tin container 1 

High speed bottle filler 6 

Pallet loading machine 5 

 

The adopting companies characteristics are used to describe the 
diffusion process and divide them into five groups: Innovators, Early 
adopters, Early majority, Late majority and Laggards, Figure 14. The 
classification is a result of the need to describe that different companies 
have different ability to, on the one hand, acquire the knowledge about 
new technology and, on the other hand, have different capability to grasp 
and adopt. 

                                                 
22 Original source: Mansfield (1989) 
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Figure 13. Technology diffusion and classification of adopting 
companies (adapted from Giertz and Reitberger, 1987) 

An example: In a study in plastic industry in Sweden the dominating 
contact surface was other companies within the same line of business. 
The direct contact with universities and research institutes was low. 
Technical information was mainly distributed through business 
magazines and through suppliers (Giertz and Reitberger, 1987). In this 
case new technology was distributed from suppliers to some larger and 
well-established companies and further through customer demands. The 
contacts with the companies, that already had implemented the new 
technology, convinced others. Through networks the technology spread 
to other, smaller, companies. The diffusion speed seemed to be 
connected to different contacts with other companies. Diffusion 
mechanisms in general are (Deiaco et al., 2002) that persons move 
between companies and work places, suppliers learn from customers and 
others through imitation, learning or acquisition. In the diffusion process 
there are clearly issues that affect the speed of diffusion, the 
characteristics of the adopter and the characteristics of the technology. 

40

60

80

100

3

17

50

83

20

Decision time 
after available 
technology

Per cent adopters

Innovators

Early adopters

Early majority

Late majority

Laggards



  45

There are problems in the production creation process regarding the 
diffusion. An explicit and evident model for knowledge transfer and its 
environment could solve this problem. The general diffusion process 
does not completely describe the prerequisites on the methods for SMEs 
in a network context. In von Axelson (2005) the DCT model was 
presented and described. The model consists of three phases: 
Dissemination, Clustering (networking) and Transfer (implementation). 
By using this model each phase is assessed in the next chapter in order to 
find these explicit prerequisites and demands on a process for production 
method development. The specification of requirements is presented in 
Section 4.5. 
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4 Analysis of the diffusion 
process phases 

This chapter explores and analyzes the different phases of the diffusion 
process. The phases are presented in order and finally the demands are 
discussed and presented as a specification of requirements. 

4.1 Introduction 
In Chapter 3 it was concluded that one of the factors for successful 
dissemination is how the production method is described and presented. 
The diffusion process is built up of three phases according to the DCT 
model (von Axelson, 2005). Each phase has its own characteristics and 
could both be affected and affect the presentation and description of the 
production method, Figure 15. 

Figure 15. The different phases of the diffusion process both affect and 
are affected by the presentation and description of the new production 
method. 

The phases will be examined from as well a literature viewpoint as from 
the experiences gained from the empirical work in order to find 
characteristics that affect the production methods ability to be diffused. 

Dissemination TransferClustering

METHODMETHOD
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4.2 Dissemination – informing the potential adopter 
The dissemination phase could be divided into three steps: 1) 
Knowledge – acquire the knowledge of the existence of the technology, 
2) Persuasion – grasp the technology’s characteristics and 3) Decision – 
test the technology and decide whether to implement it or not. These 
three steps are individually examined below. 

4.2.1 Knowledge – acquire the knowledge of the method 
The origin and creation of a production method could have different 
sources, a true market need or a developer’s conviction that the 
production method is needed. This issue is also known as technology 
push versus technology pull. Either way the persons in the adopting 
organization need to be convinced that the new method is better than the 
old. The first step from the end-users point of view is to acquire the 
knowledge of the existence of the technology. There are several ways to 
acquire knowledge regarding new technology through various contact 
surfaces and information sources such as: universities, research and 
development institutes, business associations, other companies, 
exhibitions, study visits, suppliers, customers, business magazines and 
seminars. In which extent one could use these different ways depends in 
general upon the capability of the recipient, the nature of the knowledge 
itself and the reward structures facing individuals (Geroski, 1994). In a 
study referred to in Giertz and Reitberger (1987), companies were asked 
from where the impulse to the most important improvement and which 
external impulses during the last 5 to 10 years came from. The 
observations from this study were that customers and contacts with other 
companies have an essential part and that printed information in few 
cases has been giving the impulse to technical change. External impulses 
came mainly from customers (40 %) and consultants/researchers (20%). 
Only 15 % came from written information from business journals. 
Publications and seminars in general do not seem to be a successful way. 
This lesson has been learned in many cases: from the TIME2 case 
(Appendix 1:3), DFA2 (Appendix 2:2) and in the krAft programme 
(Norbäck et al., 2006). Rogers (2003) has made two generalizations 
regarding communication channels in the diffusion process23: 

                                                 
23 Rogers refers to this process as the “Innovation-Decision” process. 
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• Mass media channels are relatively more important at the 
knowledge stage and interpersonal channels are relatively more 
important at the persuasion stage in the innovation decision 
process. 

• Cosmopolite channels are relatively more important at the 
knowledge stage, localite channels are relatively more important 
at the persuasion stage in the innovation-decision process. 

These generalizations could be questioned to some extent for 
dissemination of production methods to SMEs. But how should the 
message be widely spread? Caputo et al. (2002) suggest a model using 
an ”Innovation center” with an ”Innovation promoter” who collects 
competence regarding the technology and works as a technology 
promoter or coordinator.  

An example: NRC-IRAP24 is a support programme for Canadian SMEs. 
Main focus was on technical counseling. The operation is based on a 
field network with 260 technical advisors. They support in three ways: 
counselling, intermediate of contacts to sources of information or experts 
and as mediator of economical support for development projects. There 
is also a support function to the advisors, a laboratory network, which 
supports with technical information or handling of questions from the 
advisors. The system is well established and has several success factors 
(Reitberger, 2001): 

• The field network gives closeness to the companies 

• Cooperation with local consultants, not competition 

• The advisors have gained a lot of experience in SME 
characteristics and how the owners think in business 

• The networking task is in focus and market know-how is used 

A successful dissemination mission has been carried out in the project 
”Vinnande arbetsliv”25 (Karling et al., 2006). This project’s main idea 
was to visit companies with a ”truck full of knowledge”. Success factors 
                                                 
24 The NRC Industrial Research Assistance Program (NRC-IRAP) provides a range of 
both technical and business oriented advisory services along with potential financial 
support to growth-oriented Canadian small - and medium-sized enterprises. 
25 Free translated: Winning work life 



  50

in this case were to visit the companies at their sites, use local networks 
and use concrete messages. Visiting was also one of the success factors 
for Industry Forum (IF) in Great Britain (Industry Forum, 2007). When 
this programme was started a seminar was organized. 800 persons 
attended this seminar. No one was interested enough to contact IF 
afterwards. They started to call potential companies but it was hard to 
convince the managers to schedule a meeting for a more detailed 
briefing of the programme. When they finally had a possibility to deeper 
describe the programme to the company managers they got more 
successful. The best way they found out in the beginning was to start 
from larger companies sourcing departments and catch up supplier’s 
development needs from them. Also the Swedish krAft programme had 
the same experiences as in the Industry Forum programme. It was hard 
to persuade the companies in the beginning of the programme (Nordbäck 
et al., 2006). The PABIS case study (Appendix 1:1) showed that a well 
thoroughly made dissemination plan gives expected results though. A lot 
of effort was made to develop a good presentation material that later was 
considered a success factor. In this case the message and target groups 
were well defined. The message and the meeting with the potential 
adopters are clearly important. When the potential adopters know that 
the new method exists, they must have the possibility to relate the new 
method to their own production system. However, written information 
does not seem to be a good mean in this phase. A well-planned 
dissemination scheme is not enough. The DFA2 study (Appendix 2:2) 
revealed that the production method also must be well designed. 

4.2.2 Persuasion – grasp the technology’s 
characteristics 
The second step from the end-users perspective is to understand and 
assess the technology or method in relation to the company’s own 
production system. There are scientific results that illustrate how the 
characteristics of the technology affect this step, from knowing to decide 
whether it should be implemented or not.  

Important properties that affect the time from knowledge to decision are 
(Giertz and Reitberger, 1987; Löwstedt and Norr, 1991; Au and 
Enderwick, 2000; Rogers, 2003): 
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• The characteristics of the method. How similar is it to well-
established technology? If the similarity is large it is possible to 
determine its usefulness and making risk assessments and 
investment calculus. 

• Complexity in using determines how difficult the new technology 
is. Low complexity provides a possibility for faster diffusion. 

• Perceived benefits. What values are supposed to be enhanced? 

• The technology’s possibility to be tested or observed. Testability 
makes it easy to try out and assess the new technology within the 
company’s own context, which is important especially for early 
adopters. Have there been other adoption experiences? A 
possibility to observe is important for later stages in the 
dissemination model. Here the attitude to the new method plays 
an important role. 

This seems obvious. New technology, like changing a manufacturing 
operation, is diffused faster than one that demands new competences and 
abandon of older knowledge and experiences. De.Toni and Nassimbeni 
(2003) report that many SMEs resist introduction of several CE tools26. 
In most cases the SMEs were not aware of CE principles and the 
benefits they can bring. The complexity of the message or method is 
therefore a factor to consider. All the above factors seem to be of interest 
to the end-user and should be concerned when the method is presented. 
Lessons learned from the STAR27 project were that one should not only 
promote adoption of the new technology but also provide information 
about how to improve the competitive performance of the companies as 
well (Rovere La, 1998). 

                                                 
26 CE = Concurrent Engineering. CE-tools are e.g. DFA (Design For Assembly) and 
FMEA (Failure and Mode Effect Analysis). 
27 Special Telecommunications Action for Regional Development 
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In the TIME2 case study (Appendix 1:3) it was concluded that examples 
are very important for a potential adopter to be able to grasp the new 
production method and to compare it with the existing solution. But 
examples are rare, especially in the beginning of the diffusion cycle. It is 
favorable if examples could be drawn from the Innovators (Figure 14, 
section 3.5) and used for dissemination purposes. 

 

4.2.3 Decision – test and decision to adopt 
The decision to adopt a new production method needs in many cases a 
test. The decision is in general based on some sort of facts or a 
determined decision process. The key for this decision is the new 
technology’s ability to provide competition advantages like (Giertz and 
Reitberger, 1987): Cost, such as immediately savings or pay-off time; 
Possibilities, e.g. potential volume growth or decreased margin costs; 
Status, i.e. the new technology makes the company look good; and 
Climate, i.e. the new technology enables a new start in the production 
improvement work which has been obstructed by the older technology. 
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Other important factors are, according to Johansson (2002): 

• Supplier/user relationship, i.e. that both the receiver and the 
provider of the technology are involved in the implementation 
process 

• Product/process dependency, i.e. whether it is the correct 
technology and what the required changes are 

• User strategy, the key to this variable seems to be the planning 
horizon – the longer the better 

• Incremental implementation strategy, i.e. could the technology 
be implemented step-by-step? 

• General management support, which is crucial 

• Participation, for the potential system users 

• Justification, i.e. how will the new technology be exploited? 

• Size, i.e. the structure and organizational culture of the company 
determine the amount of resources for the implementation 

• Training and education is perhaps the most important factor in 
establishing a readiness for change and participation 

These factors are found to be generally applicable and are in 
concordance with the method evaluation issues presented in Grünberg 
(2007), section 3.3. But who in the company have to be convinced? 
Petroni and Rizzi (2001) report in an MRP28 adoption case that the 
evaluation process is important. The manager’s awareness of MRP will 
lead to a positive evaluation. The project team's perception of the 
organization's openness to MRP will lead to a positive evaluation. The 
positive evaluation of MRP will lead to adoption. Hence, the manager 
and the users need to be involved in the evaluation process. There are 
many different factors that affect the decision of adoption of a new 
technology. The message must be clear and present predictable effects. 
The technology or method must also be testable in some way and 
connect it to the end-users current production system. Willingness to 
adopt is thereby based on a convinced management, proved benefits and 

                                                 
28 MRP = Material Requirements Planning 
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a positive evaluation. In the Network survey (Appendix 2:3) the 
participating companies did not only buy the Lean Production education 
and implementation programme but also the programme as a whole with 
access to external expertise and peers to share experiences with. It is also 
of importance to be able to describe the consequences of the production 
method. Rogers (2003) presents three classification issues: 

• Desirable versus undesirable consequences 

• Direct or indirect consequences 

• Anticipated versus unanticipated consequences 

These consequences could be evaluated and presented in the examples 
from the use of the production method of the ”Innovators”. 

4.3 Clustering – development of SME networks 
The second step in the DCT model is Clustering, i.e. to group companies 
for, in this case, networking. Networks contribute to interaction between 
different involved actors in order to increase transfer’s success chances. 
Dickson and Hadjimanolis (1998) state that since small companies 
typically lack some of the essential resources for innovation they have to 
acquire them from external sources, such as other companies, technical 
institutions, etc. Therefore, the management of inter-organizational 
relationships and networking in general may well be critical for 
successful development in small companies. It is also important that the 
companies have the ability to network. 

The SME network idea is supported by many researchers and several 
programmes and there is extensive literature concerning using, 
developing and evaluating networks of different types (Norbäck et al., 
2006, Gustavsen and Hofmaier, 1997; Karlöf et al., 2000; Pontén et al., 
2006; Nilsson and Nilsson, 1992; Ahlström-Söderling, 2003; Tell and 
Halila, 2001; Szeto, 2000; McAdam and Kelly, 2002; Mitra, 2000; 
Reitberger, 2001). The main objective of a network is to find increased 
value in cooperation between the participants. In general there are two 
types of networks: competitive and complementary (Szeto, 2000). The 
competitive is formed to create a new product or service to a customer in 
a business context, whereas the complementary network is formed to 
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meet other needs than primary business. In literature the latter are also 
called collaboratory, learning, supportive or benchlearning networks. 

In Pontén et al. (2006) a process for initiation and development of 
networks is described., Figure 16. The steps in this process is used in this 
section as a frame for describing a network development process. The 
model consists of six steps: 1) Initiative, 2) Start-up, 3) Establishing, 4) 
Running, 5) Evaluation and 6) Completion/Redefinition. 

Figure 16. A process of the initiation and development of a network 
(adapted from: Pontén et al., 2006) 

 

But how does the networking affect the method development process 
and the configuration and presentation of the method? The six steps are 
described below. 

1) Initiative

2) Start-up

4) Running

6) Completion/
redefinition

5) Evaluation
3) Establishing
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4.3.1 Initiative 
Initiative is the first step when forming a network. In this step the 
potential companies are invited. Chaston (1995) has developed a model 
that contains five phases, Figure 17. 

Figure 17. Five steps for the initialization of a new network. (adapted 
from Chaston, 1995) 

Chaston’s idea is to use the network to establish innovations based on a 
mutual need in the network. In a technology push perspective companies 
could be invited to participate in a network for method implementation 
objectives. This was the case in the Network study (Appendix 2:3). A 
success factor in this step is, according to Reitberger (2001), a defined 
anchor process, where the initiator early has anchored the project 
through active fieldwork and regular contacts with the potential 
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companies. It is also important with a true enthusiast. Another general 
success factor is a person who acts as a driving force and knows the 
companies well. Personal relations are of great importance. To get a 
successful cooperation it is of importance that it is based on real and 
mutual description of problems and needs. It is important for SME 
managers to use the time in a meaningful way. The mutual need must be 
identified which can be done through different types of diagnostic tools. 
Different diagnostic tools can be found in literature with different aims 
and design. General diagnostic tools could be used to measure general 
aspects or to be used as a frame when developing new specific 
diagnostic tools. 

Success is also built on mutual giving and sharing of experience. The 
number of companies in the network should not be too large. Is there a 
”perfect network” for production method adoption? In the network study 
(Appendix 2:3) the companies and the network coordinators answered 
this question. The picture that appeared was that the ”perfect” network 
has: 

• 5 to 7 companies with a overall of 500 employees 

• The same characteristics regarding production volume and 
degree of automation 

• Members located relatively close to each other (maximum one 
hours drive) 

• A well-organized network support and close access to knowledge 
providers (experts) 

• An open attitude between the participants based on mutual trust 
and a willingness to share experiences 

These results are in concordance with the experiences from the krAft 
programme were the key factors for success was built on closeness, 
mutuality, trust and continuance (Norbäck et al., 2006). 

4.3.2 Start-up 
The second step is to start the network and the preconditions for the 
network is created. Motives and the type of need for cooperation are 
anchored together with the expected participants. Factors to reflect upon 
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in this step are the company’s capability to assimilate experience and 
opportunity, reflect on past strategy and mistakes and be willing to share 
and to access resources (Deakins and Freel, 1998). From the company’s 
point of view they should be asked to reflect and assess their motives 
and driving forces for networking. Ahlström-Söderling (2003) advice 
SME managers to answer a few questions to assess their need to 
participate a network: 

• What is the company’s vision/goal? 

• What is the vision/goal for us to join the network? 

• Is the vision of the cooperation so clear that it is obvious that 
there is a consensus among the interested companies? 

• Is the vision of the network and of our company in accordance to 
each other? 

• Do we know the actors from the other companies? 

• If not, how much time could our company afford for trust 
building? 

In the Network study (Appendix 2:3) the participating companies 
motives were investigated. The companies in this network had a high 
degree of similar motives for participating in the network. The most 
common ones were: 

• To access a network for mutual knowledge and experience 
sharing 

• To apply ”peer pressure” in order to establish additional 
motivation 

• To join a clear and structured programme 

• To access external knowledge resources 

This is supported by Ahlström-Söderling (2003) who also advice that if 
a supporting system for the network is created it is important that it 
supports the actors in the firms. 
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4.3.3 Establishing 
Establishing is the third step in which the structures and relationships are 
built up. This is a critical step that sometimes takes long time. A key 
issue is trust and e.g. Szeto (2000) states that trust is very important for 
the network sustainability due to its base on personal relationships. 
According to Florén and Tell (2004) contributes trust to the learning in 
networks. This is expressed as three prerequisites for learning in a 
network: 

1. There has to be reciprocity between group members. 

2. The learning actors must have capacity to take on new 
perspectives as presented by others, and a capacity to introduce 
new ways of thinking to others. 

3. There is a need for transparency in the dialogues in the group 
(develops over time) to make it possible for other members to 
contribute. 

In the network study (Appendix 2:3) the establishing step was coupled to 
the network steering committee, which consisted of the network 
coordinator and the managers of each company. This was a success 
factor since the mangers of the participating companies were involved in 
this activity. 

An example: When implementing production methods such as CE-tools 
it is important to develop the proper technological network 
infrastructure, which means building not only the physical channel, but 
also a common language, procedures and operative logic that are on the 
basis of a true link with external resources (De Toni and Nassimbeni, 
2003). Another example could be viewed in the krAft programme where 
lunch-to-lunch seminars were used as trust building activities (Nordbäck 
et al. 2006). This type of activity gives the opportunity to establish a 
more relaxed context where the participants can get to know each other 
on a personal level. One conclusion to draw is that the way methods are 
introduced in the network can affect the trust building. 

4.3.4 Running 
In the Running step the cooperation is deepened and different activities 
are performed. Since networks are based on trust there must be 
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opportunities to meet regularly during a long time. Networking often 
starts at management level. Since success is related to the personal 
connections it is important to engage more persons in each company and 
to have a width in the personal contacts to support mutual problem 
solving and experience sharing. For example in the krAft programme at 
least two persons from each company participated (Norbäck et al., 
2006). 

Educational efforts concentrated to an area with a tradition of 
cooperation have greater possibility to succeed (Ramström, 1984). 
Learning in networks has many advantages. However, usable examples 
from SMEs are rare. In the TIME2 study (Appendix 1:3) the companies 
asked for more examples from SMEs in their seminar and workshop 
evaluations. In networks it is possible to create an educational 
environment based on exchange of experience. The participating 
companies could be trigged to share their own experiences and in that 
way create useful examples. The role of the teacher, or the network 
coordinator, is important since he or she becomes more of a facilitator 
who provides necessary knowledge when and where it is needed. In this 
way the education can be, not only contributing to deeper knowledge, 
but also a fundament for change. Presentation of the new methods 
should be practical and it is preferable to supply the participants with an 
action plan that can be operational the next day back home in their 
companies. The development of presentations and workshops of new 
production methods takes, a not negligible, time, which needs to be 
considered in the planning of a new production development project. 

4.3.5 Evaluation 
Every operation needs to be evaluated periodically in order to improve 
the performance. There are very few examples in literature of how this 
should be done in networks. Pontén et al. (2006) suggest that formative 
evaluation should be carried out during the operation of the network. 
This could also be carried out, as the network study examples, 
continuously within the frame of the network steering committee 
meetings (Appendix 2:3). The network study also revealed that the 
network is clearly a support to the studied companies, but establishing a 
culture based on Lean Production, which also shows measurable effects, 
takes time. Measurement is important to motivate changes and 
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improvement. It seems that qualitative measurements are sufficient in 
early stages but some companies have a need for better connection 
between transfer activities and measures. In the krAft programme there 
were difficulties to show measurable effects due to the programme. 
There was an evaluation procedure but it did not address the effect issues 
in detail. This matter needs to be addressed more deeply. This will be 
addressed in the future research section (Section 6.4). 

4.3.6 Completion/Redefinition 
On the basis of the evaluation a decision is made whether the network 
should continue or be redefined. In short one can say that it takes a lot of 
resources, time and planning to establish and develop a well working 
network. 

4.4 Transferring activities 
The third phase in the DCT model is Transfer. Transfer is a function of 
learning and implementation. Transfer of production methods is 
therefore a question of both pedagogical issues and a number of 
organizational factors. 

4.4.1 On implementation 
According to Merriam-Webster Online Dictionary, implementation is:  

”To give practical effect to and ensure actual fulfillment 
by concrete measures.” 

Implementation theory is one part of Organizational Development. The 
other part is Change theory. Organizational Development could be 
defined as (Porras and Robertson, 1992, p. 722): 

”...a set of behavioral science-based theories, values, 
strategies, and techniques aimed at the planned change 
of the organizational work setting for the purpose of 
enhancing individual development and improving 
organizational performance, through the alteration of 
organizational members' on-the-job behaviors.” 

Change theory describes the underlying dynamics by specifying a set of 
key variables and the relationship between them. Implementation theory 
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on the other hand is a theory of changing and focuses on the actions 
undertaken by the change practitioners when effecting planned change. 
It describes what and in what order a change must be done. People and 
their behavior are key elements in understanding organizations and how 
to change them. As previously described in Chapter 2 there are many 
aspects of an organization, i.e. the work setting, that can be changed in 
order to influence behavioral change (Porras and Robertson, 1994), 
Figure 18. 

• Organizing arrangement including goals, strategies, structure, 
administrative policies/procedures, administrative systems, 
reward systems and ownership 

• Social factors including culture, management style, interaction 
processes, informal patterns/networks and individual attributes 

• Physical setting including; space configuration, physical 
ambiance, interior design, and architectural design 

• Technology including; tools, equipment, machinery, information 
technology, job design, work flow design, technical expertise, 
technical procedures and technical systems 

Figure 18. Factors constituting the organizational work setting (adapted 
from Porras and Robertson, 1992) 
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Porras and Robertson’s model constitutes 23 different factors, which in 
most cases is many to handle in a common implementation intervention 
in a company. Implementation of a production method in organizations 
requires an overall view and will affect many of these factors. All 
methods have a certain degree of uncertainty about the expected 
consequences of the production method during implementation. 

Rogers (2003) suggests answering three questions: 

”Where can I obtain the method?” 

”How do I use it?” 

”What operational problems am I likely to encounter, and 
how can I solve them?” 

These questions could be too wide and do not provide the support that is 
needed in more complex implementation processes. Therefore many 
authors and researchers have provided more detailed and structured 
implementation models for different purposes. 

4.4.2 Implementation models 
There are many different implementation models, for SMEs and in 
general, described in literature by several authors and researchers (e.g. 
Womack and Jones, 2003; Lycke, 2000; Ghobadian and Gallear, 1997; 
Gunasekaran and Cecille, 1998; Hussey, 1998). The models are both 
general and for specific purposes or methods such as TQM29 or Lean 
Production. For example Womack and Jones (2003) state that to 
implement Lean Production one will need: A change agent and the core 
of lean knowledge, some type of crisis to serve as a lever for change, a 
map of the value streams and a determination to kaikaku30 that speeds up 
the value-creating activities in order to produce rapid results that the 
organization can not ignore. Womack and Jones suggest an action plan 
for Lean Production implementation as help for planning and carrying 
out the organizational transformation. It consists of four major steps and 
a time frame that lasts for five years.  
                                                 
29 TQM = Total Quality Management 
30 Kaikaku, also known as kaizen blitz, is a major improvement activity lead by the 
management. 
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Other researchers (e.g. Lycke, 2000) have described the implementation 
process for TPM31. Lycke suggests a general implementation process. 
that consists of five general steps: 

1. Senior management decision 

2. Information and training 

3. Plan for a new organization 

4. Establish policies and goals 

5. Create a master-plan for implementation 

Ghobadian and Gallear (1997) complete the plan with: 

6. Implement the concept 

7. Monitor the implementation of the concept 

8. Engage in continuous improvement by going back to step 3 

These plans have been developed to fit a certain purpose – a specific 
method. But in general, what questions have to be answered? According 
to Gunasekaran and Cecille (1998) an implementation plan has to 
answer the following questions: 

• What exactly is to be done? 

• Why does it need to be done? 

• When does it need to be done? 

• Where is it going to be implemented? 

• Who is it going to affect? 

• How is it going to be done? 

These checklists and plans are basically dividing the implementation 
plan into three major phases: Management planning, realization of the 
plan and monitoring and control. 

                                                 
31 Total Productive Maintenance 
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An example: The SMMT32 Industry Forum was established in 1996 with 
the aim of achieving sustainable world leading competitiveness in the 
UK based vehicle and components industry in collaboration between the 
Government and the automotive industry. It was established by the 
industry for the industry. Master Engineers from Honda, Nissan, Toyota, 
General Motors and Volkswagen participated in the programme 
planning and became trainers for a cadre of UK engineers. Tools and 
techniques used by the Master Engineers were transferred. These 
Industry Forum engineers would then transfer the skills, knowledge and 
delivery techniques of the tools of process improvement into the 
companies with whom they worked. This was the essence of the 
Learning-by-doing programme developed by the Industry Forum. The 
Common Approach Toolkit had the function to enable any company in 
any part of the supply chain to make real, measurable improvements in 
quality, cost and delivery, while at the same time improving partnerships 
with their customers. The Industry Forum programme is a practical, shop 
floor based process improvement activities implemented with a hands-on 
approach by a team of well-trained Industry Forum engineers. The work 
with the adopting company’s employees brings tangible, sustainable 
bottom-line results. Since 1996 Industry Forum has worked with over 
450 car and component manufacturers to improve their performance and 
has also trained engineers from a number of other sectors in the tools 
and techniques of manufacturing process improvement. The Common 
Approach was designed and presented in two major blocks: A method 
manual, where tools and methods are described, and an implementation 
manual. (Industry Forum, 2007) 

There have been several success factors in the Industry Forums 
programme. Firstly they developed the programme from the best 
available knowledge with a clear and well-described logic. The 
dissemination failed due to underestimation of the message in their 
presentation at first. When they had found their first Innovators it was 
easier. The implementation of the Common Approach was successful in 
most cases due to competent and dedicated persons. This is in 
concordance with the results from the Network study (Appendix 2:3) 
where the coordinators and experts were committed and competent and 

                                                 
32 The Society of Motor Manufacturers and Traders Limited 
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had a defined implementation programme to follow. Implementation 
models provide structure, logic and a predictable future. 

4.4.3 Success factors and obstacles in implementation 
There are many implementation success factors described in literature. 
Various methods are described and analyzed. Examples are: TQM 
(Ghobadian and Gallear, 1997), Lean Production (Achanga et al., 2006), 
TPM (Lycke, 2000), CIM (Marri et al., 2003), MRP (Petroni and Rizzi, 
2001; Humhreys, 2001; Petroni, 2002), CAD/CAM (Norén, 1987) or 
methods/technology in general (Yusof and Aspinwall, 2000; 
Gunasekaran and Cecille, 1998; Gustafsson et al., 2001; Leonard, 1998). 
Many different success factors appear and a general picture could be 
drawn. The most important success factor, according to literature, is 
management, which should be visible and committed or as Ghobadian 
and Gallear (1997) states in a TQM implementation study: 

”Unless the management in an SME recognizes that 
quality is an important competitive factor [...] no 
significant change will take place.” 

Achanga et al.(2006) concludes that there are four main key factors that 
are fundamental and critical for implementation of Lean Production 
within SMEs.  
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Among these factors Leadership is the most dominant (50 per cent) 
followed by Finance (30 per cent). Skills and expertise and Culture are 
margin factors, Figure 19. 

Figure 19. The proportions of critical factors in Lean Production 
implementation in SMEs (Achanga et al., 2005) 

A more committed person, a true enthusiast, or whom Rogers (2003) 
calls a champion is a success factor. Other factors to consider for success 
are; training and education, communication and information, teamwork 
and empowerment, gradual or stepwise implementation, a systematic 
approach, simple tools, visible results and measurements and the 
coupling to strategy. Leonard (1998) suggests an approach in method 
implementation with user involvement to configure the method to her or 
his own prerequisites. Rogers (2003) also states that a higher degree of 
change or modification of the invention the faster adoption occurs. This 
implies that the new production method must be configurable due to the 
adopter’s prerequisites. 
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Researchers have also focused obstacles in the implementation process 
of different methods (Lycke, 2000; Yusof and Aspinwall, 2000; 
Gustafsson et al., 2001; Ghobadian and Gallear, 1997; Lindmark, 1999, 
Hussey, 1998). By analyzing their contribution the most common factor 
for failure in implementation is lack of resources and time. Other 
important obstacles are lack of implementation programme monitoring 
and control, lack of knowledge, indistinct leadership and lack of 
motivation due to failures with earlier improvement programmes. 

The most important factor to succeed is management commitment, but 
how should the SME management live up to this prerequisite? 
Understanding the implementation process and understanding the 
importance of themselves are important issues. The presentation and the 
implementation manual regarding the method could support the 
management in the implementation activities. Understanding of the 
goals and purpose of the method to be implemented is essential for 
success, along with monitoring and control of the implementation 
process. This is supported by the network study (Appendix 2:3) where 
the managers in the network asked for better monitoring of the 
implementation process. Experiences from e.g. the Network study 
(Appendix 2:3) and from consulting are that implementation monitoring 
using qualitative and quantitative measures could provide an interface 
between the network coordinator and the network. This helps 
establishing the right support in the implementation process when and 
where it is needed. 

4.4.4 Implementation monitoring 
Monitoring of the effects and how the new production method is being 
implemented is important for several reasons as already stated. Firstly it 
provides management a tool to enable commitment and secondly it 
provides possibilities to draw examples to use in the dissemination 
phase. Lack of results from the implementation process of production 
methods could be an obstacle to adoption (e.g. Appendix 2:3). 
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Humhrey (2001) states that metric ownership and regular performance 
reviews are of primary importance for senior management commitment. 
This ensures commitment to a successful outcome. Gunasekaran et al. 
(2000) state that simple non-financial performance measures would be 
the most appropriate to provide direction for improving the operational 
performance in SMEs. According to the network study (Appendix 2:3) 
and the literature survey there could be concluded that SMEs often have 
poorly developed performance measurement systems and therefore have 
problems to show achievements by quantifiable data (Shield et al., 
2003). Monitoring can be performed in two ways: qualitative and/or 
quantitative. Industry Forum (Industry Forum, 2007) suggests that focus 
should be on measuring operating performance coupled to quality, cost 
and delivery performance represented by seven different measures, 
Table 533. 

Table 5. Seven key performance indicators (KPIs) connected to quality, 
cost and delivery performance. A black bullet is representing a strong 
connection and a white a weak. 

                                                 
33 The measures are suggested by the Department of Trade and Industry’s Automotive 
Unit. DTI aims to help the UK-based original equipment and aftermarket component 
manufacturers to compete successfully. 
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The measures in Table 5 should be sufficient for any production site due 
to the performance of the production system. Manufacturing SMEs 
however, have not in general sufficient data collection systems that are 
necessary to measure some of these KPIs such as Not Right First Time 
and OEE34. Better data collection systems could provide faster feedback 
due to implementation of methods aiming at better productivity and 
product quality. 

Qualitative measures could also be used in various forms. A well-known 
approach is the Read a Plant Assessment tool (Goodson, 2001). It is a 
method that assesses how lean a production plant is. The tool was 
developed to make it possible to assess plants only by making a short 
tour in the factory. Afterwards a rating sheet is filled in. It is based on 
eleven different categories from Customer satisfaction to Commitment to 
quality. The assessment is supported by a questionnaire with 20 yes-or-
no questions that are linked to each category and helps to determine if 
the plant uses best practices in these categories. 

Common approaches are that companies uses or develop a self-
evaluation tool (e.g. Kinnander and Almström, 2006; Yamashina, 2000, 
Slack et al. 2001 or Caffyn, 1999). In general these are based on 
assessing the presence and implementation degree of planned methods 
and processes. No process will ever reach to perfection, but most 
processes can benefit by moving towards it.  

                                                 
34 Overall Equipment Efficiency 
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One way is, within the definition of the different maturity phases, to 
build in preconditions that need to be fulfilled as in Figure 20 below. 

Figure 20. Ability to work with continuous improvement (adapted from 
Yamashina, 2000). 

In the Network study (Appendix 2:3) many of the companies stated that 
they would like to have better monitoring of the implementation process. 
It is, theoretically, not very problematic to set up a basic qualitative 
evaluation system. There could be a danger by focusing the 
implementation degree of certain methods and not the actual 
performance improvements. As previously stated: Methods are only 
means and not objectives. Hence, a self-monitoring system with both 
qualitative and quantitative measures coupled to the new production 
method is of great importance in the implementation process. 

4.4.5 SME issues of learning and competence 
Training and education is a major part of the implementation of new 
production methods. Yusof and Aspinwall (2000) state that training and 
education is one of the most important items on the agenda for small 
businesses, but many small companies are unable to allocate sufficient 
funds for training and do not have the extra capacity to substitute people 

 

People deny that there are problems
or do not want to see them1 

People admit that there are problems but
find excuses for not being able to solve them 2 

People accept the fact that there are problems but are unable 
to solve them because they do not know how to attack them 3 

People want to see potential problems and for this tryto visualize 
them . They will attack them by learning proper methods 4 

People know their problems, methods to solve them and how to involve 
all the people to attack them. They are ready to attack any problem and 

to change their organization if needed after solving the problem.  5 



  72

for periods of absence. They do not have access to experts of their own 
in many fields and the white-collar resources are often limited and 
focused on operative productive work. Due to lack of economical 
resources, but also not being exposed to new ideas from the world 
around, training and development are low prioritized (Forslin and 
Thulestedt, 1993). Kailer and Scheff (1999) state that SMEs, in general, 
usually are dependent on the collaboration with external know-how 
experts. This is mainly because of their limited personnel and know-how 
capacities. Ylinenpää and Lassinantti (1999) state that SMEs have a low 
level of formal qualifications. According to Axelsson and Lagerholm 
(2002) 55 per cent of the SME companies in Sweden do not have any 
higher educated35 engineer employed. This could interfere with the 
implementation process and demands better developed implementation 
support. 

Knowledge acquisition and competence development are important 
factors to consider during implementation. According to (Hugnell, 2004) 
timing, planning and flexibility are essential. Regarding educational 
form, the companies usually want the education in their own facilities 
(which could be hard to manage for smaller companies). Education for 
SMEs should be based on SME characteristics and not be too theoretical. 
In the TIME2 study (Appendix 1:3) the companies requested more real 
life examples and more hands-on advice. Also Ramström (1984) states 
that the education should be concrete and present practical application of 
methods and that SME managers should have access to relatively simple 
but easy to use methods to cope with smaller company problems. The 
SME everyday life should be imitated or simulated. It is important to use 
teachers who have a field experience and are able to present examples 
from other smaller companies. An education pointing towards SMEs’ 
demands a planning process that is short and flexible. One should not be 
limited to that all educational blocks must be carried out. A conclusive 
advice is that education or training resources should be jointly planned 
with local colleagues or non-competitor small business through 
networking. This is also a much cheaper option. Ahlström-Söderling 
(2003) advocate that SMEs need carefully targeted formal and informal 
training and support networking strategies. This need has to be in the 
context of the various types of learning behaviors they exhibit and in line 
                                                 
35 Bachelor or master degree of engineers 
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with the three main constituent components of organizational learning; 
information gathering, knowledge acquisition, competence consolidation 
and development. As a large proportion of SMEs are in crisis 
management rather than in pro-active learning situations, they need to be 
encouraged to adopt a more participative style of collective learning. 
Support services need to be provided and resources could be pooled. 

Alstrup (2000) states that courses at education centers fulfill their 
purposes in most cases. But in some cases the participants join a course, 
seem to learn new skills and gain new motivation without being able to 
use the results in the company after the course. The gap between theory 
and practice appears to be hard to overcome. The fact that the 
participants are learning theoretical subjects at a course away from the 
workplace, without being able to practice the new skills, does not bring 
the learning to an operational level. On-the-job learning is a way to learn 
and create value at the same time (Garrick et al., 2004). In theory on-the-
job learning is connected to experience that refers to what has happened 
in the past. It is about turning experience into learning. In this way, 
individuals and teams can be helped to understand new situations, events 
and technologies. Learning-by-doing, with reflection on what has been 
learned, brings theory and practice closer to one another. Alstrup 
suggests that if an outside coach is used to ensure a learning process, the 
coach must be willing to withhold his or her own expertise until it is 
demanded and instead facilitate the reflection of the participants in the 
working group. It is important to promote knowledge in steps with the 
time it needs and at the occasion at which it is demanded. 

In the TIME2 case study (Appendix 1:3) the method was first developed 
and then introduced to SMEs in a workshop style. The author together 
with representatives of the management carried out the method in a 
training environment. In this case the author worked as a facilitator and 
handed the method documentation, a fulfilled analysis and an action plan 
that the company could start the next day. This concept has been 
developed in accordance with evaluations in the field-testing of the 
method. 
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4.4.6 The role of the change agent 
The change agent is an important person in the implementation process, 
which is pointed out in the Network study (Appendix 2:3). In this case 
the roles of the change agents, the programme coordinators, were to 
drive and keep up the pace in a Lean Production implementation 
programme. Other important functions were to provide expertise and as 
a catalyst drive peer pressure among the network participants. According 
to Rogers (2003, p. 400) a change agent is:  

”An individual who influences clients’ innovation 
decisions in a direction deemed desirable by a change 
agency.” 

The change agent’s relative success in securing the adoption of 
innovation is positively related to 1) the extent of the change agent’s 
effort in contacting clients, 2) the client orientation, 3) the degree to 
which the diffusion programme is compatible with the clients’ needs, 4) 
the change agent’s empathy with clients, 5) his/her judgment of 
character regarding the clients, 6) credibility in the clients’ eyes, 7) the 
extent to which he or she works through opinion leaders and 8) 
increasing the clients’ ability to evaluate innovations. 

Consultants and other advisors are often invited to support the 
implementation of production methods. In general, a reasonable amount 
of external help is used for planning the implementation and for 
education. But how should this person behave? Alstrup (2000) suggests 
that, in order to create a climate of confidence, consultants hired as 
external coaches to support continuous improvement activities must, on 
one hand, respect the owner-manager’s need of sovereignty and the 
short-term flexible style of the small enterprise. On the other hand, their 
role is also to support the long-term learning process. This requires that 
the consultant strengthen their abilities, not only to cope with different 
and often unforeseen situations, but also to balance short-term and long-
term issues. Alstrup also argues that, to ensure a learning process, the 
coach must be willing to withhold the expertise until it is demanded. 
Engaging a consultant is one way to get access to new knowledge. In 
general, consultants have structured methods to accomplish results but 
there is always a risk that the quality is moderate due to withholding 
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knowledge in the transfer process. Gustafsson et al. (2001) point out that 
one common reason to use external help is a wish to implement the 
method36 as fast as possible. A risk is that it is an easy way to let the 
consultant do most of the activities to speed up the implementation 
process. There is a danger that the employees are not sufficiently 
involved and that they are not sufficiently familiar with the new method 
when the consultant leaves the company. In the Network study 
(Appendix 2:3) the consultant and coordinator approach was based on 
aid to helping oneself, in other words they worked as catalytic 
consultants. This expressed role was appreciated of the network 
participants. Blake and Mouton (1983) suggest a number of ground rules 
for a catalytic consultant. He or she shall: 

1. Start an intervention with informal conversation to create an 
easy-going non-authoritarian atmosphere, an informal give-and-
take situation. 

2. Invite the client to describe the situation, and accept the needs 
described by the client as the only legitimate frame of reference 
to work within. As the consultant listens, he or she tries to 
formulate suggestions for gathering new information that may 
illuminate some aspects of the subject the client seems interested 
in pursuing. 

3. Suggest procedures that might be followed to gather more 
information. 

4. Give encouragement whenever possible by supporting the client's 
efforts at defining or redefining the problem at hand. 

5. Avoid giving specific suggestions. Even suggestions regarding 
procedures for data gathering are offered in a very tentative way. 

6. Encourage the client to make his or her own decisions. The 
consultant is graceful about it, but will not make them for the 
client. 

Since change agents are vital in the implementation process it is 
necessary to find the right people.  

                                                 
36 In this case ISO 9000 



  76

An example: In the choice of Industry Forum Engineers (Industry 
Forum, 2007) they put a lot of effort in the recruitment process. The 
programme has objectives in three levels: 

• Short Term: Improvements in company’s performance 

• Medium Term: Build-up of critical mass of experts/engineers 

• Long Term: Create flow of world-class experts back into the 
industry 

These objectives set a high demand specification for the Industry Forum 
engineers. Out of more than 2015 persons that were initially interviewed, 
620 went through interviews with a recruitment agency. The 241 
remaining became first 120 and then 40 through a series of group 
interviews and assessments. 39 finally got a job offer. According to the 
results of the programme the thorough change agent recruitment is a 
success factor. 

Another example is: In the BUNT37 programme (e.g. Hörnell and 
Reitberger, 1995) consultants were invited and offered, for a subsidized 
fee to participate in a ten days training programme. The programme 
contained, besides training in the tools, training in strategic counseling to 
SMEs. The deal contained that the consultant, without fees, should carry 
out a pilot project and to participate in gatherings to share experiences 
and to develop the toolbox. Five per cent of the total budget was used for 
this. The assessment of the programme had concluded that it had opened 
for a continuous learning together with the actors in the programme and 
continuously developed the toolbox. BUNT anchored a wide and 
common platform of insights among almost all actors who were focusing 
in SME development. The programme design was a little bit mechanical 
with a distinct line between the planning and realization phases. In 
reality they must be allowed to overlap each other. The improvement 
activities lost pace when the consultants draw back. It was therefore 
needed to better anchor the programme with the management. When the 
management and the consultant used the toolbox (Section 3.4) to 
establish an activity plan that was pushed out in the organization with 
the help from the consultant, the chances were small to reach a 
                                                 
37 BedriftsUtvikling genom Ny Teknologi (in Norwegian), Free translation: Company 
Development through New Technology 



  77

sustainable success. The consultant network was needed in order to 
disseminate the experiences from using the tools. 

The change agent’s knowledge of the production method needs to be 
solid and be able to fit the purpose of the method to the company’s own 
context. When working with SMEs the lack of time and resources 
demands a very efficient implementation process. This requires a lot 
from the change agent as well as the presentation and representation of 
the production method. 

4.5 Specifications of the requirements on the 
representation of the production method 
In this section requirements that affect the presentation and 
representation is collected from the earlier chapters. 

4.5.1 General SME requirements 
Fundamentally the developed production methods must fulfill the 
demands that SME characteristics represent. The main characteristics are 
as previously stated in Chapter 1: 

• Lack of resources and time 

• Management skills could vary, from weak to excellent, but it 
must be easy to manage a new method implementation 

Even though these generalizations are blunt they fill a purpose in this 
case. The characteristics suggest that the method should be at least: 

• Implementation supportive, i.e. that the method should advice the 
adopter how to adapt the purpose and logic of the methods to the 
company’s context 

• Specialist independent, i.e. that the method should be self 
explained with adequate implementation support 

• Object supportive, i.e. that the method should clearly present 
what objectives it supports 

4.5.2 Dissemination requirements 
The dissemination to SMEs seems to be driven mainly by interpersonal 
channels. This requires a well-planned dissemination scheme for 
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success. The dissemination process clearly demands that the production 
method is well presented and based on a graspable logic. A clear 
message must be connected to the method. Examples of how other 
companies have used the method are enablers. The testability of the 
method must also be thought through. In the scope of this thesis, SMEs 
in learning networks, the production method needs to be reasonably well 
designed and thereby quite mature. The presentation must answer many 
different questions from ”What is it for?” to ”How much could I earn?” 
Different methods also seem to be more appropriate due to how many of 
the potential adopters already have implemented it. To find the 
Innovators collaborative research and development projects is one 
possible way. For the Early adopters some results of the benefits of the 
method could be communicated through articles of success-stories and 
so on. For the Early majority, a seminar for regional networks and using 
networks for implementation seems to be ways and for the Laggards the 
method is common knowledge and a field for consultants. 

The development of a dissemination plan needs to address the 
information and dissemination campaign. The targeted companies need a 
positive attitude to the production method. Different dissemination 
strategies could be needed regarding both on what preconditions the 
adopter has (degree of maturity) and the adoption rate on the market. 
The diffusion process demands that the following must be regarded 
when developing production methods: 

• The method must be easy to grasp, i.e. the logic must be 
presented in a clear message. Examples of how other companies 
have used the method are an enabler in the decision phase. 

• The effects of the method coupled to the performance of the 
company needs to be described, i.e. an investment calculus 

• The method must be possible to test, i.e. the description should 
make it easy for anyone to assess the method 

• The production method must be accompanied by a monitoring 
system that could present effects and examples for dissemination 
and implementation purposes 
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4.5.3 Networking requirements 
Working in networks provides possibilities to share experiences. A 
number of companies could be participating in the transfer events 
together. They can share costs for education and also benefit from 
others’ experiences. Networking could facilitate the dissemination of 
experiences regarding production methods. But how will different 
network activities, especially those that contain transfer of methods, 
affect the method design and/or presentation? The network study 
(Appendix 2:3) revealed that presentations of methods should not be too 
theoretical and also provide hands on advices. Furthermore the education 
activities should be planned so that they contain experience-sharing parts 
that could contain issues and questions that could be raised during the 
implementation of the production method. Another issue is that the 
method presentation should provide an action plan for implementation 
so that the companies could start implementing it the next day. In 
general the network activities only have weak requirements on the 
production method representation. The production method presentation 
could contain reflection issues that help the SMEs to facilitate network 
activities. This in turn could support the implementation of the 
production method. The part of the network model that affect the design 
and presentation of the production method most is the Initiative phase 
and the Running phase. The production methods need to be clearly 
presented which also is the case in the dissemination process. In the 
Running phase the production methods need to support implementation, 
learning and networking issues. Enclosing the presentation material with 
a tool that helps the companies to reflect and assess the implementation 
could do this. The Follow-up phase needs that the production methods, 
or the results from them, can be assessed. 

4.5.4 Implementation requirements 
The implementation process has a clear connection to how the 
production method is designed and presented. The training material 
needs to be designed for stepwise implementation for at least two 
reasons – the company’s maturity and the SMEs lack of resources (Do 
not implement everything at once!). The sequence of actions must also 
be determined. A need for simultaneous implementation and training 
also address the lack of resource issue. In this activity, when the user is 
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involved, it is an opportunity to let the user configure the method 
according to his or hers prerequisites. Monitoring and control could be 
addressed along with the amount of resources that are demanded for a 
full implementation. If the production method or subject is intangible 
more effort is needed in the transfer process and vice versa. For 
example, Womack and Jones (2003) state that the most difficult step is 
to get started by overcoming the inertia present in every brown-field 
organization.  

There is clearly a need for a systematic approach when implementing 
methods in SMEs. Management has a great responsibility for the success 
of the implementation. First they need to establish a vision, followed by 
a defined organization, recourses and an implementation plan before 
they even get started. For many SMEs this is a major obstacle. A self-
evaluation tool in combination with performance measurement to enable 
monitoring of the implementation process facilitates the implementation 
process. Hence, the implementation process demands a well-described 
production method due to its logic and support. Step-wise 
implementation should be supported. 

4.5.5 Other requirements 
The production method development process itself must guarantee that: 

• A true need is established 

• The possibility for diffusion is high 

• The production method could be developed in an efficient way 

The above requirements now need to be translated to a solution that 
answers to the requirements. 
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5 Presentation of the DFMTsme 
process 

In this chapter one solution to meet the specification of requirements on 
a production method for SMEs is presented. A process has been 
developed to correspond with these requirements – the DFMTsme 
process. 

5.1 The DFMTsme process context and origin 
DFMTsme is an abbreviation for Design For Production Method Transfer 
to SMEs and is one solution to the specification of requirements 
described in section 4.5. The process is an aid in production method 
development, i.e. a meta-method, and a complement to the DCT model 
(Section 1.6; von Axelson, 2005). The two deals with the problem that 
new production methods are not adopted more in industrial SMEs, 
Figure 21. The focus in the DFMTsme process is the creation and 
development of the production method and is meant to be a support tool 
in planning and development of new production methods for SMEs. 

Figure 21. The DFMTsme process completes the DCT model and suggests 

together how production methods should be developed and diffused. 

The DFMTsme process is inspired from different development 
procedures. The cyclical project execution is inspired from Ranhagen 
(1989) in order to cope with complex development context. Knowledge 
creation theory is inspired from von Krogh et al. (2001) and method 
development procedure from Huang (1996). 
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The DFMTsme process is designed for two different end-users: 
production method developers and production method implementers. 
Other interested parties could be: organizations for method developing 
and production method end-users. The different diffusion phases as well 
as the SMEs’ characteristics could both affect the production method's 
design. The production method could also be designed or described to 
enable each diffusion phase. 

As previously stated in sections 3.1 and 3.2 it is important that the 
knowledge about the new production methods has a meaning and a 
context. This can be obtained through a knowledge management system 
or a knowledge portfolio system. A knowledge portfolio is the 
composition of an organization's competence, educational material, 
publications and other methods and tools that share the same philosophy 
or guiding principles. This is also appropriate for the developer that 
enables the knowledge creation planning. It is within the portfolio the 
guiding ideas and philosophies are developed. Within the portfolio it is 
possible to analyze what development is needed in order to build a 
system of methods, tools and plans for transfer events (von Axelson, 
2005). 



  83

5.2 The DFMTsme process in detail 
The DFMTsme process consists of five phases, I to V. Each phase is in 
turn divided in six steps; 1) Requirement, 2) Process model, 3) Select 
KPI38, 4) Compile manual, 5) Compile workbook and 6) Verification, 
Figure 22. 

Figure 22. The DFMTsme process has five phases (I to V) with different 
focus. This ensures that the requirements are integrated in the 
production method through the whole development project. The coloring 
represents the degree of focus in each phase. Each phase consists of six 
development steps. 

In the different phases different steps are focused. The first step focuses 
the requirements and the environment the production method is planned 
to function within. During the following phases the logic is further 
developed with method descriptions, support tools and later presentation 
and dissemination plans.  

                                                 
38 KPI = Key Performance Indicator 
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All steps are worked through in every phase but the focus varies. The 
phases are: 

I. The method development is being planned. The need is expressed 
and evaluated. A requirement analysis is made. A process model is 
sketched. 

II. The development team makes collective experiences explicit, and 
describes the production method and the coupling to companies’ 
processes. KPIs are linked to the purpose with the method. The 
result from this step should be a logic model of the method. 

III. The concept method is being matched against market needs, 
strategies, goals and so fourth. Descriptions in form of manuals 
and workbooks are developed to describe the production method. 
In this step customers could be invited to review the concept. If the 
concept passes the third step it is transformed into a prototype. 

IV. The presentation and the developing of support tools for the 
production method are focused in this phase. A workbook is 
developed and tested in a pilot situation. Examples and effects are 
recorded. 

V. The production method is field-tested in different environments 
and in companies with different maturity levels. Assessment 
according to the companies’ needs is made. 

To go through all the five phases is not necessary in all cases. This 
decision has to be made in each method development project. For 
example in the ModArt project39 (ModArt, 2007), four phases are 
planned where the first and second step were combined, Figure 23. Less 
than three is not recommended since the DFMTsme process is partly 
based on repeated articulation of the results. 

                                                 
39 The ModArt project is a part of the MERA programme (an applied research 
programmer for the Swedish automotive industry) where the author is a sub-project 
leader. 
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Figure 23. The overall project plan for developing support tools for 
establishing continuous improvements in a product model driven 
production system (ModArt, 2007). 

In each phase of the process there are six general steps as shown in 
Figure 24. 

Figure 24. Six general steps for method development. (adapted from 
Huang, 1996). 
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The different steps are worked through with different focus in the 
different phases. The requirement step is more deeply penetrated in the 
first phase and the verification step is more deeply penetrated in the later 
phases. 

5.2.1 Step 1 – Requirement analysis 
In the first step a requirement analysis is made. The objective is to 
formulate a specification of the production method. The analysis is 
divided into four different parts: 

• Focus requirements. The scope of the method is described. 
Should it be a very specific method or a general? What is the 
method for? What problem does it solve? The method needs to 
be placed in a context, i.e. what philosophy or what guiding 
principles should it support? Couple the method to the P-M-T 
description model according to section 3.3. 

• Market requirements. How is the true need for this method 
expressed? Could the benefits be calculated? Use the Machlup 
classification system to determine the need (Table 3 in section 
3.1). 

• Functionality requirements. The planned method’s functions are 
described. Different functions could be; gather and present facts, 
diagnose and provide redesign directions or predict what-if 
effects, section 4.4. 

• Operability requirements. In what environment should the 
method be used? The user interface and needs for user support 
are described. 

5.2.2 Step 2 – Process modeling 
This step defines the logic of the method, i.e. how and where it could be 
used in companies’ processes. Different tools can be used in this step 
such as IDEF family or Process Management tools.  
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The main questions that need answer are: 

• How will the business process be represented? 

• How will resources be represented? 

An example (e.g. Olhager, 2004): The MRP method (Material 
Requirements Planning) was developed to overcome the weaknesses of 
traditional replenishment systems in a manufacturing environment and to 
deliver the right amount of products in the right time. The MRP method 
starts with a master production schedule (MPS) that provides order 
release dates and quantities of production of all end-items in a BOM 
(Bill Of Material – the product structure). In this case the method 
supports the business process: production scheduling. Another 
possibility could be to use e.g. a kanban-system. 

5.2.3 Step 3 – Selecting performance measures 
Since the intention with implementation of a method is to establish a 
change, the change needs to be detected. From the specification of 
requirements the objective and purpose with the method is known. The 
measures need to meet the following requirements: 

• Show the effect of the method 

• Could be used for method verification 

• Could be used for exemplification in the dissemination phase 

In the earlier MRP example the one quantitative performance measure 
could have been ”Delivery schedule achievement”. A qualitative 
measure could be ”Implementation degree of computer supported 
planning”. The selection and evaluation of measures and performance 
measurement systems is described by e.g. Tangen (2005). 

5.2.4 Step 4 – Compiling the production method manual 
The manual describes the logic of the method and how it is used. If the 
method needs any sort of database it is connected to the method in this 
step. The manual describes the method’s process and its tools, inputs and 
outputs. The manual should provide a description of the work procedure 
and its logic. 
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There are different JPAs (Job Performance Aids) that can be used 
(adapted from Campbell, 1999): 

• The procedural guide presents task steps with or without 
illustrations and precautionary information. The task steps are 
performed in sequential order. 

• A worksheet presents short simple directions along with blank 
space, on a line or in a box, where responses are entered. Items 
appear in a functional order. 

• Checklists with questions, actions, etc. to consider or perform 
when planning, observing, comparing, inspecting, etc. Items 
appear in a logical progression and generally include a line or 
box to be checked. 

• Decision tables form all the conditions and possible decision or 
actions resulting from the conditions. These are used when a 
problem includes multiple conditions that influence the proper 
decision. 

• Flowcharts present graphically a series of ordered action steps 
and questions with yes or no answers. Working through the 
flowchart is self-explanatory. Users follow the answer path to 
action steps until the end point is reached. 

5.2.5 Step 5 – Compiling workbook 
Workbooks are a practical support when using the new production 
method. In its simplest form it is a template. In more complex methods a 
computer-based system could be needed. Campbell (1999) suggests 
using 'modules'. Modules are carefully structured documents, in printed 
form, through which an instructional content is provided to an individual 
trainee. They have been variously called training, learning or 
instructional packages, guides or modules. The modules deliver clear 
and concise instruction on one or more learning objectives. They 
facilitate self-directed learning and self-pacing and are used mainly for 
individualized instruction.  
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Different instruction sheet could be used: 

• Information sheet. The purpose is to provide a clear, 
understandable explanation of facts and/or data on a particular 
topic. 

• Assignment sheet directs trainees to read and study material 
before or just after the instructor presents it; answer questions in 
a book or put to use information presented by the instructor; 
review and follow rules; practice the application of principles, as 
well as skills; collect data and record information; and/or analyze 
and solve problems. 

• The purpose with procedure sheet is to guide trainees in their 
initial performance and later practice of manipulative (hand-on) 
activities in classrooms, workshops, laboratories and other 
training settings. 

The workbook should support the implementation process and deal with 
a number of key variables. If these variables are in harmony the 
possibilities of success are improved. The model is developed for 
strategy implementation but it is applicable and suitable for methods in 
general.  
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The following variables could be discussed as an implementation 
support (adapted from Hussey, 1998): 

• Strategy. The strategic vision and the strategies must be clearly 
defined, at least to the point that is possible. 

• Tasks. What must the organization do in order to implement the 
new method? What new tasks will have to be fulfilled by the 
organization as a result of the changes? And what tasks need to 
be changed, reinforced and undertaken faster or in a more cost 
effective way? 

• People. Once we know the tasks we can think about the people. 
This could be a question of numbers and locations but it is more 
likely a question of skill, competence and motivation. 

• Structure. Does the current structure and organization facilitate 
or hinder implementation? 

• Decision processes. How and where are decisions taken and 
where does the power lie? For example: you cannot expect an 
organization to go from a bureaucratic process to a fully 
employee empowered organization in a short time. 

• Culture. In what ways does the culture support the objectives 
with the new method? 

• Information systems. The information system must ensure that 
the right information gets to the right people on a timely basis. 

• Control systems. The issue here is where control is exercised, 
how it is exercised. It must relate on the key elements in the 
method. 

• Reward systems. Reward systems may be critical for success, 
because it could affect behavior. Reward in this case is not only 
money, but also recognition and career development. 

In the workbook it must be clear that the logic of the method, its 
description, support and presentation is fully described according to 
section 3.3. The workbook could also contain support for step-wise 
implementation and education materials – Which are the different steps? 
What activities must be carried through to reach the next step? An 
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example from the ModArt project (ModArt, 2007) illustrates this issue 
in Figure 25. 

Figure 25. The core thought and logic in the ModArt project (ModArt, 
2007) is to establish a model driven production system development 
process. Instructions for machining can be generated more or less 
”model driven”. 

Network activities must also be supported. If the production method is 
presented in a workshop or a seminar questions for the network could be 
developed for facilitation of experience sharing. Finding-places for these 
types of questions are implementation issues such as configuration and 
adjustment of the production method, resource and training issues. The 
workbook could support this with e.g. an implementation reflection and 
assessment sheet. 

Manual instruction – ”ad-hoc”

Computer aided instruction - templates

Model as master – copy/paste

Model generated instruction

Dynamic instructions ”on demand”
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5.2.6 Step 6 – Verification of the new production method 
Instructional material needs to be confirmed due to its effectiveness and 
value. The different steps described below support the different phases 
in the DFMTsme process. Depending on which phase the method 
development is in different methods for verification could be used. The 
author suggest that the following list, with verification methods for each 
phase, is used (adapted from Campbell, 1999): 

I. Self-review due to content coverage, technical accuracy, legibility, 
grammar and so fourth. 

II. Expert-review due to technical, editorial and judgmental matters. 

III. Individual tryouts where correct and incorrect performance and 
difficulties concerning the materials is recorded. 

IV. Small-group tryout where notations are made due to difficulties or 
raised questions. 

V. Operational tryout where further feedback is collected from a 
representative population. 

Time, effort, expertise and motivation are required to prepare engaging 
materials of good technical and pedagogical quality. Instructions are a 
way to transfer the essence of the knowledge due to the new method but 
are limited to tools and simple methods. The effectiveness of 
instructions depend on how widely spread the instructions are. 

To evaluate how adaptable the new production method is for SMEs the 
evaluation method described in Grünberg (2007) could be used. Is the 
method: 

• Specialist independent? 

• Competence Supportive? 

• Implementation Supportive? 

• Measurement Based? 

• Object supportive? 

• Organizational supportive? 
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Decide per question if the method is: 

1 = Weak or low support 

2 = Partly supportive 

3 = Highly supportive 

N/A = Not Applicable 

As stated in section 3.3 all these issues are important but should have at 
least be evaluated as supportive to specialist independent, 
implementation supportive and organizational supportive. 

5.3 Concluding notes 
As previously described the DFMTsme process has been tested in the 
DFX case (Appendix 1:4) with verifying results. The P-M-T model and 
the logic-description-support-presentation model make the new 
production method easy to communicate both within the development 
group and to potential adopters. The description in this chapter is 
conceptual and is thought to be adapted in every new method 
development project. According to Rogers (2003) and Leonard (1998) 
the adoption of a new method is faster if the method needs to be 
configured according to the needs of the user (Section 4.4.3). Hence, it 
its up to the user to adapt the DFMTsme process to his or hers own 
prerequisites and context. 

There are research and development programmes where the needs are 
not yet established and possibilities of new technologies could be 
investigated more explorative. In these cases the DFMTsme process could 
be used in later development activities. To be able to develop any new 
production method for SME use and for a high rate of adoption in the 
group of targeted companies or processes the need, the logic and a clear 
representation of the method must be developed. SMEs, however, are 
not a homogenous group but by focusing the weaker companies by using 
the DFMTsme process the methods ability to be disseminated increases. 
The rate of adoptions in the method diffusion process could be improved 
by the presentation and representation of the method if they are adjusted 
for this process. 
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6 Discussion and future 
research 

This chapter presents conclusions together with a review of the scientific 
methods. Implications for actors and policy makers in the diffusion 
process to SMEs are presented. Possible and desirable future research 
activities are presented. 

6.1 Conclusions 
Production method diffusion is easy in theory but hard in practice. This 
work has had the objective to articulate the knowledge the author has 
concluded during this research project. The solution became an aid for 
new production method project planning and development – the 
DFMTsme process. In cooperation with the DCT model there are means 
for breaking the barriers of production method diffusion to the SMEs. 

The SME characteristics with little resources and varying leadership 
imply that a production method needs to be implemented according to 
general implementation programmes such as Industry Forum’s – first a 
management preparation phase. This phase could be supported by a 
network activity where the method is presented and implementation 
issues and monitoring systems are described in a do-like-this manner. 
Network resources could later support the actual implementation of the 
method. 

Many manufacturing SMEs have performance and financial problems. 
There are production methods that could help in these situations. Often 
the methods are not adjusted for SME requirements. SME networks are 
solutions both in collecting a true need and for dissemination of new 
production methods. 

The use of the DFMTsme process makes it possible to share experiences 
and provides a skeleton of any method development project. The cyclic 
process makes it possible to determine the actual need and the tacit 
knowledge in the development group to be articulated.  
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The new production method design has a weak connection coupled to 
network activities but support tools could help out to facilitate 
experience collection and sharing. 

Dissemination of new production methods follows predictable patterns 
and the knowledge of innovation diffusion is a great factor to consider in 
the national innovation system. 

The DFMTsme process has an impact on the production method 
innovation process and will speed up the development time or decrease 
the cost for method development. 

6.2 Critical review 
The review is divided into four parts; 1) the assessment of the scientific 
approach and working method, 2) connecting to the problem description, 
3) verification of the results and 4) contribution to knowledge. 

6.2.1 Assessing the scientific approach 
The approach and intention to work in an action research manner has 
been evolved during the research project. One goal with this intention 
has been to interact with other social groups, in this case the groups at 
IVF and KTH. Has the author’s way of conducting this research project 
affected the different groups at IVF and KTH? A group’s behavior takes 
a long time to change and also needs thorough assessment (e.g. 
Westlander, 1999). Changes within the groups have not been the 
objective in this work but there is evidence in the author’s projects, e.g. 
the ModArt project. The change, to at least some extent, comes from 
many discussions regarding the balance between academic and industrial 
relevance and in the project planning. More tangible results of the 
approach are that the DFMTsme process is used in the planning and 
execution of at least one sub-project in ModArt, the FBL project40 
(ModArt, 2007). Another part is that some issues regarding result 
presentation have been brought forward in the discussions in the total 
ModArt project. 
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Figure 26. The author and ModArt project members discuss 
presentation and dissemination issues due to result presentation by 
using the Logic-Description-Support-Presentation model (Section 3.3). 

In the KTH group the approach has been successful to some extent. In 
the other group, IVF, the evidence is weaker due to lack of continuity 
and geographically long distance. Furthermore, the author has been able 
to affect others in some ways. An example of this is the PROLOG41 
project where the result formulation and dissemination plans were 
planned early in the project. In different research application situations, 
SESAM, PROSME42 and others, results have been implemented in those 
project plans. It is the author’s belief that the interactive research 
approach is applicable, but it is extremely time demanding in this type of 
research and you must commit yourself to this role for 100 per cent. This 
has not been possible in this work but the experiences from the research 
group interaction will be useful in the future. 
                                                 
41 Vinnova project 
42 Vinnova project applications 
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6.2.2 Verification – connecting to the problem 
description 
Have this thesis dealt with the problem description in a scientific way? 
The first question ”How does the dissemination process affect the 
requirements of the representation of the production method for an 
SME?” is mainly answered in Chapter 4. The presentation of literature 
reviews and own investigation is very condensed though. There are 
some major disparities, such as Rogers (2003) generalizations regarding 
dissemination channels but these are discussed. 

The second question: ”How could knowledge regarding the 
dissemination process be integrated in the representation a new 
production method?” is also a part of the objective with this thesis. This 
is dealt with mainly in Chapter 5. The DFMTsme process is a solution 
that clearly answers this question. 

The objective with this research project was to create better 
understanding regarding diffusion of new production methods to SMEs. 
In the close research environment of the groups at KTH and IVF this 
aim is at least partly fulfilled. The dissemination of the results in this 
thesis lies naturally after the dissertation. It is a never-ending work and 
needs, according to the innovation diffusion theory, both time and 
resources. 

6.2.3 Validation of the results 
The fundamental standpoint in this thesis builds on the postulate: 

The blame for low adoption levels of new production 
methods in SMEs lies on the sender side, i.e. the 
academia and the innovation system actors, and not on 
the potential adopters (the SMEs). 

Throughout this research project this postulate has not been challenged. 

The DFMTsme process, of this thesis builds on three different sources; 
knowledge from scientific literature, the authors own investigation and 
reviews and assessments of third parties. The research context and the 
planning of this research project have not, unfortunately, provided many 
opportunities to interact with other international research groups. The 
lead-time for initiating, performing and communicating the result is very 
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long, sometimes two to three years. The Network study (Appendix 2:3) 
started in early 2006 and until September 2007, the submitted paper has 
still not been reviewed. The decision to write a monograph thesis has its 
limitations due to continuous validation. In this case the results have 
been periodically reviewed of the supervisor team and invited experts in 
the field. 

The DFMTsme process is designed to provide fast usable results from 
applied production research. But is faster better? Much of the earlier 
research has been devoted to the postulate: Faster dissemination is 
better! Karshenas and Stoneman (1995) dissociate themselves from this 
and argue that it is better to derive theoretically the characteristics of a 
welfare optimal diffusion path and then consider policy in terms of 
adjusting the actual path to the optimal. However, if we return to the 
problem description and the scope of this work, many SME companies 
need to develop their production performance as quickly as possible, 
otherwise they will go bankrupt. Therefore, in this case, faster is better. 

The DFMTsme process is not fully verified in its whole. This challenges 
the validity of the results. Will it actually contribute to speed-up the 
dissemination of production methods to SMEs? It is too early to tell. 
However, the DFX case (Appendix 1:4) shows that the logic of the 
DFMTsme process works and provides fast and tangible results. 

The main thoughts the DFMTsme process are based on have been 
communicated in a series of seminars with people in Sweden who work 
with transfer and implementation of methods in SMEs. The first was the 
licentiate presentation where the DCT model (von Axelson, 2005) and 
its context were examined. The results from that seminar changed the 
scope of the later work into more focus on the innovation diffusion 
process and the coupling to the production method creation and 
development. The second seminar was a presentation and discussion of 
fundamental innovation diffusion of production methods in SME 
network context. The results of these discussions verified the problem 
description and many of the conclusions that were drawn in Chapter 4. 
During the completion of this thesis experts in SME networking and 
innovation diffusion have been invited to examine the work. This was 
necessary to validate the fundament that the DFMTsme process builds 
upon. 
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6.2.4 Contribution to knowledge 
What is new in this thesis? At a first glance the result appears to be 
obvious. But to deal with the coupling between the production method 
diffusion and its creation is not a usual scope in scientific literature. 
Rogers (2003) deals with the question but not in the detailed way as in 
this thesis. This particular scope is not presented earlier according to the 
literature study, at least not for production methods to SMEs. 

Furthermore, there are three direct ways this research project has been 
contributing to knowledge: 

• Others could use and interpret the case studies and survey 
presented in this thesis 

• The thesis is based on literature references that are selected to 
support and describe the scope of the work and present a 
specification of requirements that other researchers could use to 
find other solution to the problem 

• The DFMTsme process is a tool for guidance that will help 
method developers in designing production methods for SMEs 

6.3 Implications for policy makers 
This thesis has brought forward a large number of prerequisites and a 
solution for an adequate production method diffusion process. Methods 
for transfer of new and improved production methods to small to 
medium-sized manufacturing enterprises are an issue of immense 
importance in a global economy. Many industrialized countries are 
pursuing innovation and diffusion policies to improve the 
competitiveness. Various policy measures are developed and 
implemented. Throughout Europe, billions of euros are allocated to 
diffusion policies. However, little research has been done on the 
implementation process, on the shop floor level. 
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The results shown have several implications for future technology 
transfer policy: 

• The process of transferring improved production methods to 
small manufacturing companies is much more complex than 
previously understood. 

• The dissemination process must be integrated in the 
representation of the production methods, i.e. the close 
interaction between the service provider and the business must be 
acknowledged. 

• The transfer of production methods is embedded in networks of 
businesses, research organizations and service providers. The 
dissemination process must be seen as a part of an ongoing 
networking process. 

• As a consequence of the nature of transfer processes, measures 
taken will be more time and resource consuming than previously 
regarded, and must be elaborated and allocated precisely. 

• Transfer of production methods are best placed in a context were 
the businesses, research institutes and academia co-operate over 
time. In such a context, trust and mutual recognition of 
knowledge and competence – between business and service 
providers – is fundamental. 

• A future policy for the transferring of new production methods to 
small and medium sized companies must allow those above 
mentioned processes and contexts. 

• Research institutes, in close co-operation with academia and 
future development of programmes such as krAft43 could provide 
for a more effective technology transfer, taking the enhanced 
knowledge of processes and networking into consideration. 

                                                 
43 The krAft programme had the ambition to develop the participants’ practical wisdom 
and business capabilities through enhanced understanding of their own business 
situations and the creation of sustainable learning structures within the company 
(Norbäck et al., 2006). 
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6.4 Future research and activities 
During this research project a number of issues and questions that for 
different reasons are not included in this work. There are also a number 
of activities that are planned are already going on. The most tangible and 
interesting are presented below: 

• The message and results in this thesis needs to be disseminated to 
fellow researchers and interested parties to create a larger impact. 
This requires that presentation materials will be developed along 
with a manual and a workshop. 

• Highly prioritized activities are developing the DFMTsme process 
further according to more general purposes. This is already going 
on within the ModArt project (ModArt, 2007). The purpose with 
the activities is to study the effects on the project planning’s 
effect on the development group, the dissemination via the 
Internet and the use of computer based support tools. 

• The DFMTsme process could benefit by using the procedure for 
method classification described in Grünberg (2007) as an 
evaluation tool for production methods for SMEs. 

• The development process efficiency is not in focus in this thesis 
but an interesting issue is to consider the DFMTsme process 
ability to speed up the production method development process. 
Coupled to this issue is how the three levels in the Philosophy-
Method-Tool description model affect the development process. 

• The DCT model and DFMTsme process could be used for 
company’s supplier development programmes. The potential 
need for this should be explored. 
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• Another solution to the original problem description, ”Why are 
not production methods used more in SMEs?”, is to find other 
ways to break the learning paradox44. In (von Axelson, 2004) it 
was suggested that one way is to widely implement knowledge 
management in SMEs as a way to create a better understanding 
and assessments of what knowledge and support methods the 
company could need. This thought is supported by others e.g. 
Geroski (1994).  

• Both SMEs and financiers would like to show effects in the 
development and transfer activities. In the end it is the 
performance of the companies that counts. There have been 
several occasions during this research project where 
manufacturing SMEs have specifically expressed a need for 
simple Performance Measurement Systems (PMS) that could 
handle both implementation and performance monitoring. In 
(Tangen, 2005) there is explained how PMS is created and 
reviewed, but is there a general PMSsme or could a PMSsme 
development guide be developed? 

                                                 
44 The learning paradox states that one could not demand what is unknown to you. 
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1. The PABIS case study 

Project background 
”The hydrogen society” and fuel cell power has been pointed out as one 
possible path regarding energy supply in the future when the oil reserves 
are decreasing. The background to the PABIS1 project was that not many 
Swedish companies had considered the opportunities regarding fuel cell 
technology as a potential new line of business. Together with Vinnova 
IVF and STEM2 decided to create a project where Swedish companies 
were invited to get answers to the questions if, when and in what should 
the companies invest regarding fuel cell technology. In this case there 
was also focus on PEMFC3 and the automotive industry. 

Project objective 
The main objective was to create an interest and to activate Swedish 
industrial companies regarding business opportunities within the fuel 
cell technology area. A special characteristic about the project was that 
since the knowledge was very limited in the companies the enthusiasm 
was expected to be low. 

Working method 
To meet the project objectives two tracks were developed: 

• Relevant industrial decision material regarding if, when and what 
needed to be collected, analyzed and designed for this specific 
target group. 

• The process for dissemination, knowledge transfer and collection 
of responses from the industry companies were also needed to be 
developed. 

Together with a reference group a project plan, which also became the 
general results from this project, was developed. It contained the 
following activities: 
                                                 
1 The project name PABIS is a acronym from ”Produktion Av Bränsleceller I Sverige – 
en möjlighet!” Translated: Manufacturing of fuel cells in Sweden – an opportunity! 
2 Swedish Energy Agency (Energimyndigheten) 
3 Proton Exchange Membrane Fuel Cell 
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• A contemporary study in form of a literature study 

• A technology study by analyzing current designs 

• Creation of a demand specification due to component or process 

• Company identification and invitation 

• Performing seminars 

• Performing workshops 

Solution and results 
The knowledge regarding if (Is this a up-coming technology shift?), 
when (When is it going to happen?) and what (Which processes and 
products will be needed?) was first collected and analyzed, and later 
designed as a slide presentation. The what-analysis was an input to 
which companies that would be the target group. The what-analysis 
origins from known fuel cell engines and gave a list of components, 
subsystems and manufacturing processes. This list was matched with 
Swedish companies either on process or component/subsystem basis. 
Finally a list of potential interested companies with contact persons was 
created. 

The following procedure was developed in which the number of 
potential participants are decreasing when uninterested disappear: 

1. Get companies’ interest via newspaper articles4, the Internet and 
phone calls 

2. Send a personal workshop invitation to the persons on the list 

3. Carry through the workshops based on the slide show and 
discussions. The main objective with the workshop was to find 
"real enthusiasts". 

4. Interested companies will further also get a specific SWOT-
analysis5 and fuel cell technology activities implementation in 
business strategy in a workshop in their own company. This step 

                                                 
4 An article in the Swedish magazine "Underleverantören" (Direct translation: The sub-
supplier) and IVF external magazine "Teknik och tillväxt" (Direct translation: 
Technology and growth) was published. 
5 SWOT = Strengths, Weaknesses, Opportunities, Threats 
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was carried out in order to achieve shared knowledge fundament 
within the companies management groups. 

Some 80 companies where identified as suitable due to manufacturing 
processes or systems/components and invited via mail. Another 200 
were invited via e-mail on a wider specification. Approximately 40 
persons from 33 companies participated in the workshops. 12 companies 
carried out the SWOT-analysis. 

Conclusions 
A well-planned dissemination plan was one of the success factors in this 
project. The procedure worked as planned, much depending of the 
thought through ”product”. Of the 12 companies that participated in the 
final step almost all had fuel cell technology related activities after the 
workshop. Probably an additional implementation step would be 
necessary in some cases. The objective was to find the real enthusiasts. 
The SWOT-analysis helped the real enthusiast to get the knowledge into 
his company. Another step could help to establish the knowledge inside 
the company. This step could be facilitated in many ways – by creating a 
network where mutual questions and problems could be processed. The 
procedure seems to be generally applicable and could be used for any 
kind of knowledge transfer. But it has to be completed with an 
implementation model as well. 
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2. The ALFA case study 
The ALFA-case describes the development process of a production 
strategy tool in a loose industry, institute and university collaboration 
context. 

Background 
The ALFA model (Tangen (red), 2007) is a production strategy 
formulation tool developed within a programme - The ALFA-
programme. The idea of the programme was born in discussions 
between member companies in WoxénCentrum. The issue was that the 
companies experienced that when they designed a new factory or shop 
they relied mainly older experience. This often resulted in a defensive, 
not very novel production system design, not always in line with the 
business strategy. There are methods and tools for design of 
manufacturing systems but they do not bridge the gap between the 
business strategy and the realized production system (Axelson, 2004). 
From a strategy point of view the methods often have the form of 
general checklists. From a design process view they do not couple the 
business strategy with the requirements of the production system. The 
discussion led to the question: 

Should it not exist a systematic method to design a 
production system that supports the company's business 
strategy? 

The ALFA-programme was formulated with seven doctoral students 
employed in industry, at the KTH6 and at the MdH7. Two senior 
researchers and supervisors together with five member companies in 
WoxénCentrum were connected to the programme. The programme was 
not funded by other means than a mutual task within the doctoral 
students research projects. A survey (Axelson et al., 2004) during the 
early phase of the programme concluded that most of the responding 
companies did not have a production strategy that provide clear 
directions or demands of how the production system should be 
developed. The ALFA programme had the objective to develop a 
method for formulating a production strategy. A logical model was 
                                                 
6 Royal Institute of Technology, Stockholm 
7 Mälardalen University, Eskilstuna and Västerås 
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developed and the programme participants started to write and formulate 
a handbook. 

Figure A1. The ALFA process leads the user through an analysis of the 
market demands and an analysis of the current production system. After 
a decision if a radical change has to be considered, a future state is 
planned and a three-year action plan is drawn. The four documents 
together represents the Production Strategy. 

The doctoral students group worked in the programme as well on the 
mutual task as in their sub-areas with various decision models. Many in 
the group were examined as Licentiate of Engineers but due to the strong 
state of the market several group members were recruited to different 
industry companies. When the handbook editor also left for a new 
employment, the programme was in a minor crisis. The model was only 
a theoretical model and not yet tested in any company. Hence, there 
were very few resources left with the knowledge and ambition to finish 
the handbook. A new project leader, the author of this thesis, was 
appointed to finish the method. 

Method 
The objective with this case study was, within an industrial research and 
development project, to reflect over the question: 

Production
Strategy

Present State

Action Plan

Market Demands

Future State
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”How should a meta-method (method for designing 
methods) be formulated to be both efficient and secure 
the stakeholders demands and requirements?” 

A project plan was developed in order to develop the method both on 
time and with limited resources. The project plan was carried out. 
Observations were documented within the project. The project 
description was verified through peer verification by having the other 
participants in the project reading the documentation and asked to 
comment any non-conformity. The conclusions however, are the author's 
own. 

Results and findings 
The observations are presented according to the executed project plan. 
Comments are embedded in the text. 

Pre phase 
During the pre-phase the background problem was described. The group 
of doctoral students was working in their field and in the common 
project partly. A prototype and a logic model were developed. A 
handbook synopsis was developed and the project members wrote a first 
version where thoughts of how the method should be used were 
formulated. The model should consist of three parts; a process, a 
template and a number of decision models. The decision models were 
central in the ALFA-model but only a few were formulated when the 
logic model was developed. At this stage the project was stalling. 

Concept development 
When the project re-started a series of workshops, with the objective to 
further develop the design of the method, was arranged. The logic model 
of the method was further developed and detailed. To be able to test the 
model a case study was planned in one company. Two graduate students 
were together with the author of this thesis engaged to test the ALFA-
model. 

Pilot method development 
The case study was established in a company where the graduate 
students had the objective to test the ALFA-model, develop detailed 
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tools and suggest improvements. The students were supposed to be 
supported during the case study by various decision models that the 
earlier project members should deliver. Only a few were delivered which 
obstructed the case study. The case study revealed that the previous logic 
in the method was not applicable. It was too resource demanding to be 
carried through and needed improvement. The students did this and 
proposed a modified method. 

Handbook development 
The case study resulted in a conclusion where the logic model of the 
method could be questioned. Since the case study was meant to verify 
and exemplify the method and not question it, the process stalled once 
again due to responsibility issues regarding the model. The project now 
was in a situation where the new members did not fully share the 
original idea with the model. Finally a decision was taken to abandon 
some of the original ideas and the method was reworked once again and 
formulated in the handbook. The method still needs further development 
and verification regarding applicability and exemplification but it can be 
used to formulate a production strategy and thereby give guidance for 
development of the production system. 

Discussion 
In the same way as in the TIME case (Appendix 2:1) the method in the 
ALFA case was developed step-by-step from a theory to a complete 
method without any deeper reflection along the way. In both cases this 
way of working led to difficulties, missed deadlines or failure to deliver 
the intended method. The linearity of the development process must be 
questioned. Ranhagen (1989) suggest a model used for facility planning 
where the end-result proposals are built up through a series of 
development cycles. This method is used for development environments 
where the conditions are difficult and complex. By looping a 
development process several times the developers are forced to reflect 
and formulate the proposal in several steps. This procedure leads to 
deeper interaction between the projects interested parties and tighter 
connection between the projects objectives and the method proposal. 
The development time should not be underestimated and is a function of 
several factors such as: 
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• Number of participants and their activity degree 

• The degree of concordance regarding the fundamentally 
principles 

• Resources available 

• Number of participating companies 

• The organization of the development project 

It is also very hard to develop new methods without a clear project 
management and a result owner. In this case the project group succeeded 
to develop a pilot tool into a useful method, even if the tool still needs 
more development, but the deadline was not met. 

Conclusion and further research 
The number of development cycles is pointed out to be a major factor 
here. By starting a new development step it facilitates others connected 
to the project to act and react. The developers get more inputs during the 
project and thereby get closer to a fully developed method.  
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The development process clearly needs a number of prerequisites to be 
able to operate: 

• A method owner who acts as a customer 

• The project group must have mandate to change the method as 
long as the main objectives are unchanged. 

• Be able to loop the method in more and shorter development 
cycles. 

Could another way of developing method give the same, or better, result 
with fewer resources and in shorter time? A meta-method for developing 
method could be the more cyclic. But how could this method look like 
and what effects would it give? This questions need to be addressed in 
future research. 
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3. The TIME2 case study: Developing methods for 
transfer in an SME network context 

This case study is a continuation of the TIME assessment survey 
(Appendix 2:1) and focuses on the development of the TIME method in 
an SME network context. 

Introduction 
The TIME project objective was to create an aid for improvement and a 
tool kit in the field shop floor disturbance management. The main result 
was a handbook8. This case study report describes the development of 
the TIME method into a method description and seminar developed for 
SMEs in a network context. The development process has been 
conducted between 2004 and 2006. 

Method 
The TIME method has been developed incrementally during several 
different seminars, assignments and case studies. One main source of 
input in the development has been course evaluations, both written and 
spoken. Suggestions from different network coordinators have also been 
guiding the process. The documentation of the empiric result is mainly 
in the form of the seminar-programmes and presentations. The results 
have been validated and verified through peer verification of the co-
developers. 

The TIME development process 
The TIME method was designed as an improvement process supported 
by several guides. A seminar programme was developed where the main 
result from the project was presented. The first seminar had the focus on 
describing why the method should be used. The method was presented 
and also some of the content from the different guides. The participants 
thought that it was interesting but too theoretical, too much presentation 
and too little reflection and discussion. With small changes, mainly 
regarding including interactive problem solving and discussion, from the 
first concept the presentation of the method was almost the same. 

                                                 
8 IVF (2004), ”Effektivare tillverkning!” (In Swedish), IVF-skrift 04805 
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Within the scope of introducing Continuous Improvement (CI) in a 
group of companies the TIME method was developed into a CI system 
development workshop. The first part of the workshop was to assess the 
company's improvement work and challenges/problems in order to find 
directions for development of the improvement work. The TIME method 
was now satisfactory due to its logic but it was too dependent of a 
moderator. The main goal was to be able to present it in a way so the 
receivers could use it by themselves. A hypothesis that evolved was that 
the transfer of the method would be facilitated if the method were taught 
while using it in the receiving company. Hence, implementation and 
teaching becomes the same activity. This hypothesis is also supported by 
the fact that SMEs in general have limited resources. 

A one-day workshop was developed and tested in one SME 
(manufacturing company with 18 employees). The Value Stream 
Mapping (VSM) method was used as a benchmark. The method was 
presented and used in the company's facilities. An analysis of the current 
problems and challenges was made. A future state was formulated and 
an action-plan was drawn. The company manager was satisfied with the 
results. But how could this method be used in an SME network? 

In three occasions the TIME method presentation workshop has been 
used in SME network seminars. The aim has been to, during the 
workshop, to contribute both to the individual companies production 
development process and to encourage experience sharing by letting the 
companies present the derived results while using the method. Another 
aim has been to provide insights and action plans the companies can start 
the very next day. The workshop plan seems to be a good way to present 
and, in a limited way, transfer production methods if they are not too 
extensive and complex. 

Discussion and conclusions 
The field-testing in this case has been extensive. It took a lot of time to 
adjust the TIME method for SME situation and to find a suitable 
workshop programme. There is clearly a need for a systematic way or 
guidelines when developing these types of workshops. One of the most 
important things has been to really examine the core and the objective 
with the method, i.e. its logic. When the logic is clear the rest is easy. 
The companies had in their evaluations asked for more examples and 
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more from SMEs. Examples seem to be very important. However good 
examples from SMEs are rare. General conclusions regarding presenting 
methods for SMEs in a network context are: 

• The method must be clear due to its logic and presented with 
many examples 

• A workshop where the companies can both test the method and 
also can share experiences is a good way 

• The method transfer process is strengthened if the companies can 
bring insights and action plans home which can start the very 
next day 

The above conclusions are valid in a network context where the method 
is presented in a seminar environment. Almost the same program could 
be used when presenting the method for a single SME. Then the method 
is more focused on the company’s processes and on simultaneous 
learning and implementation. 
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4. The DFX case study: Verification of a meta-model 
for method development 

Introduction and background 
This case study was carried out to test a structured way to develop 
methods for SME environments. The method is inspired from several 
sources and has three pillars: 

• A structured approach 

• Multiple feed-back loops 

• A general SME demand specification 

Tools developed for SMEs should be easy to grasp, easy to use and not 
require a lot of resources while using it. The method that was sought had 
a general demand specification where it should be used as a tool during 
the design of the company’s products. It should match and be useful in 
the product development process and should be able to assess conceptual 
designs as well as current ones. The focus of the tool is to assess the 
assembly easiness and the handling of the product. The company is a 
larger company with small autonomous business areas with small groups 
of technicians and product designers in an entrepreneurial environment. 
There are always many new products in line and the development time 
for each product is short. It is therefore necessary with a tool that could 
fit into this SME like environment. 

Case description 
The project was carried out, as consultant assignment, where the 
delivery was a pilot tool designed for the company’s need. 

There are many different design evaluation methods such as Boothroyd 
and Dewhursts’ DFMA9 (Boothroyd and Dewhurst, 1987), Eskilander's 
DFA210 (Eskilander, 2001) and Design-FMEA11. Huang (1996) has 
developed a framework (DFX12 shell) and a method for developing 

                                                 
9 Design for Manufacturing and Assembly 
10 Design for Automatic Assembly 
11 Failure Mode and Effect Analysis 
12 Design for X, X = anything, e.g. X=A => Design for Assembly 
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DFX-tools (i.e. a meta method). The method is general and is built for 
stepwise development. 

The different steps are: 

• Requirement analysis 

• Modeling for product analysis 

• Modeling for process analysis 

• Selecting performance measures 

• Compiling DFX manuals 

• Compiling DFX workbooks 

• Verification 

One goal of the tool development project was to establish a company 
ownership regarding the tool. To establish this, the company needs to be 
implicated in the tool development design (e.g. Rogers, 2003; Leonard, 
1997). In this case a project leader was appointed as a receiver and 
owner of the tool. A hard issue to deal with is to balance the simplicity 
and the possible feedback from the tool. The tool development process 
needs to handle this type of issue. The project was developed with 
several gates where the general DFX method was looped many times. 
Four loops were carried out. The first was primary focused on 
requirement analysis and a tool demand specification that in turn was 
derived from the general SME tool requirement specification. The 
specification was verified. The second loop focused the product and 
process modeling steps and a feasibility study for selecting performance 
measures was also made. A skeleton of the tool was developed with 
ideas of performance measures. The results were presented and 
evaluated in a workshop. The demand specification was adjusted. The 
third loop mainly focused the selection of performance and compiling of 
DFX manuals and workbooks to couple the tool with the development 
process and organizational behaviors. At this point there was a clear 
picture of how the end result would look like. This time the tool was 
demonstrated and evaluated by a pilot design team and the project 
leader. The user interface and the ability of the tools to support decisions 
were tested. Some of the performance measures and the user interface 
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needed to be redeveloped. The fourth loop was mainly focused on 
finishing the pilot tool for long term testing. 

Discussion and conclusions 
The pilot tool was developed and delivered to the project leader. The 
tool development approach with multiple loops was successful in several 
ways. The project leader who participated in the tool development 
learned the tool and the principles it was derived from. The tool interface 
corresponded with the users demands on the tool. The development time 
was quite short, two months and the resources spend were moderate. The 
three-pillar approach with multiple development loops, a structured way 
and based on general SME characteristics, seems like a successful 
approach to develop, at least, pilot methods. One of the strengths is to 
periodically during the development project return to the questions: 
What is the method for? And, why and where should it be used? Without 
these answers the logic of the tools becomes unclear which, in turn, 
makes it more difficult to present. 
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Appendix 2 – Surveys 
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1. The TIME survey 
In this study the TIME project has been assessed regarding how 
different factors affect the outcome from an industrial research project 

Background 
Production methods are created and transferred to SMEs in Sweden by, 
among others, research institutes and universities in co-operation with 
the industry. Research institutes’ missions is to convert results from 
research and development into industrial profit. This is carried out 
primarily by transferring the results on a continuous basis to existing 
Swedish companies through e.g. publications, education, training and 
consultancy, but also in some cases through spin-off companies. The 
universities have other driving forces than the institutes such as 
possibilities to educate doctoral students and to provide opportunities for 
academic qualifying. The industrial partners are often interested in 
solving current problem for the benefit of the companies. 

This survey has assessed the TIME project13, financed by Vinnova14 in 
the research programme IT-verkstad15. The TIME project objective was 
to create an aid for improvement and a tool kit in the field Shop floor 
disturbance management. The main result was a handbook (IVF, 2004). 
The handbook was not fully verified within the project, which was a 
minor drawback, and not quite ready for transfer activities. The project 
had a project group of eight people from one research institute and two 
different universities, a company group of three different companies and 
a steering committee with members from the three groups. The project 
was carried out during three years. 

Objective 
This case study focuses on factors that affect the results in a multi 
stakeholder industrial research project. The objective has been to 
investigate how the production method creation process is affected by 
the attitudes of the different parties in an industrial research project.  

                                                 
13 Vinnova Dnr: 2002-01514 
14 Swedish Agency for Innovation System 
15 Free translation from Swedish: Shop floor information technology 
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The research questions were:  

• Is there a difference between the different groups of stakeholder? 

• How does the project planning affect the results? 

• How did the different project participants act when designing the 
handbook, and on what basis? 

• Has there been any critical incident that has affected the outcome 
from the project? 

Method description 

Choice of population for the survey 
A stakeholder analysis was carried out and there was an estimation made 
of how much influence over the result the different stakeholders might 
have had. The following stakeholders were identified: 

• The project leader, much influence. 

• The project group (both academia and institute), much influence. 

• The project steering group, some influence. 

• The financer, little influence. 

• The industrial partners, little influence. 

The decision was to interview a number of actors in the project; the 
project leader, the project group, and one from the project steering group 
and the industrial partner combined, a total group of eight persons. 

Choice of survey method 
Possible survey methods in this case are, according to Westlander 
(2000), four principal models: unstructured personal interview, semi-
structured personal interview, structured interview, and printed 
questionnaire. 

Since the number of interviewees in this survey was only eight persons, 
the benefits of a questionnaire were limited. The quality of the answers 
was more important than the quantity. A totally unstructured personal 
interview would probably give too much side information and a 
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structured interview could be biased if it is designed poorly. It fell 
naturally out that a semi-structured interview with specific themes would 
be appropriate in this case. 

To choose themes that could answer the research questions a pilot 
interview was carried out. This procedure is suggested by Bell (1993) 
and the pilot interview was performed as an unstructured interview with 
one of the project participants. One theme regarded critical incidents that 
have affected the result of the project. This theme was inspired by the 
Critical Incident Technique (Chell, 1998) and could also highlight 
interesting issues that the themes did not cover. 

Survey design 
In line with Westlander (2000) the investigation process has been 
conducted in seven operational steps where the two first ones govern the 
design of the survey and the latter four steps show how the data is to be 
processed and used.  

1. The choice of conversions themes 

2. Planning 

3. Conducting the interviews. 

4. Transcription 

5. Analysis 

6. Verification 

7. Writing a report 

The choice of themes and the interview planning were designed as a 
checklist. 
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Choice of themes 
The themes were selected with reference to the pilot interview. The 
themes were: 

• The project plan 

• The design of the project team 

• The projects working conditions 

• The competence and references when designing the result (a 
handbook) 

• Critical incidents (good, bad or interesting) that have affected the 
result 

• Degree of satisfaction 

Conducting the interviews 
The interviews were conducted partly by telephone but also face-to-face. 
First a quick introduction was held regarding the objective with the 
survey, the themes and a project up-date. Notes were taken during the 
interview. The main interview strategy was to get the interviewee to be 
interested and talk freely around the different themes. The interview 
time varied from 30 to 60 minutes. 

Transcript and verification 
After transcription the notes were structured and organized as statements 
and sent to the interviewees for verification. The interviewees were 
asked to assess if the transcript did correspond with the interviewees 
picture of what was said? If not the notes were altered. 

Analysis 
The statements were first structured in the different themes and coded 
with role, seniority and organization. It was then analyzed according to 
concordance and differences within the different subgroups. 
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Results 
The transcript of the material contains approximately 150 statements 
within ten themes or sub-themes. The most recurrent statements were: 

• The design of the project has great importance for the outcome of 
the project. The interviewees did not fully agree whether more 
target control would have given a better result. The academic 
sub-group is in favor of more loose control, but almost all agreed 
that there has to be balance between academic freedom and target 
control. 

• It was clear that when the project was planned the budget was not 
decided. Later on when the budget was decided, with fewer funds 
than expected, the project was not re-planned due to the new 
circumstances. 

• The survey revealed that the group was well designed regarding 
number of persons (eight) and the width in competence areas. 
Less successful was the geographical spreading of the group that 
led to some persons working almost by themselves. 

• The project group questioned the relevance of the steering group 
because its lack of input or directions. 

• The group had little formal management. Some of the 
interviewees believe that the project result would have gained on 
a more hierarchical organization or at least appointed sub-project 
leaders. 

• The most expressed critical incident in the survey was the 
decision to make a handbook. It gave the participants a clear 
goal. Half of the group had designed handbooks or similar earlier 
but only one had more extensive knowledge about handbook 
design. 

• The majority of the project members were satisfied with the 
handbook prototype that was developed and all agreed that it was 
a pity that it was not completed within the frame of the project. 
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Conclusions 
The survey reveals that it is not easy to carry out a multi stakeholder 
research project were the different stakeholders have different views. 
Conclusions that can be drawn from the study are: 

• The project planning is of great importance for the outcome of 
the project. In this case objective was too fuzzy and not fully set 
until later in the project. An earlier decision gives more control 
of the outcome. A reflection is that searching for knowledge does 
not have to be a substitute for planning. The two can co-exist. It 
is a matter of finding the right balance. 

• It is also clear that the project team assembly matters regarding 
the lead-time in the project. A more mature group could develop 
a handbook faster. 

There were also some new questions that could be raised. They all 
consider the innovations system that has been the context of this study: 

• Should the resources determine the result or should the need 
determine the resources? Of course the resources are limited in 
the innovation system but how do we know if it is worth it? 

• Since this survey reveals that the maturity of the project group is 
a factor to consider, who wants to pay for the group 
development? And if you always use the same groups, is it not a 
risk that the group might be shielded from other influences? 

In this case the industrial parties had little influence of the design of the 
end product - the handbook. The knowledge that is being developed 
must be needed by the end-users to have a real impact in the industry. 
How do we, in the best way and within the innovation system, balance 
day-to-day needs in the industry with the academic driving force to 
search for the unknown? 
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2. The DFA2 project survey – a qualitative 
assessment of the method development process 

This study have had the focus of assessing a research and development 
project, that resulted in a engineering tool, DFA2, in order to determine 
how the perceived need was connected to the actual dissemination and 
transfer of the method. 

Background 
DFA216 (Eskilander, 2001b) is a technical design evaluation tool, similar 
to DFMA (Boothroyd and Dewhurst, 1987) or FMEA17. The tool has 
been developed in integration between IVF18 and WoxénCentrum19 at 
KTH20. The work resulted in a method description, a doctorial thesis, 
research reports and a software embryo. Four years after the DFA2 
release the method did not have many users. Why? It is necessary to 
evaluate the knowledge creation and transfer process and how they 
correspond. This study assesses the DFA2-project to gain understanding 
about which factors that enable and which are obstacles in these 
processes. 

Objective 
This project assessment had the ambition to investigate which factors 
that affect the knowledge creation and transfer process from academia 
and research institutes to industry. Enablers and obstacles were sought in 
order to be able to generalize the conclusions. 

Method 
The method used for collecting data and information was a combined 
literature review and interview survey. The literature review contained 
mainly papers and reports coupled to the DFA2 development process. 
The interviews were held with key persons involved in the DFA2 
                                                 
16 Design for Automatic Assembly -> DFAA -> DFA2 
17 Failure Mode and Effect Analysis 
18 IVF Industrial Research and Development Corporation 
19 WoxénCentrum conducts research and development within the field customer driven 
high performance production systems in cooperation between industry and university. 
(www.woxencentrum.nu.) 
20 Royal Institute of Technology, Stockholm 
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development. The interviews were performed as unstructured interviews 
(e.g. Westlander, 2000). 

Description of the DFA2 development process 

The background of DFA2 
The main issue with the project design and its objective was the answer 
to the question: What is the problem? The problem description of the 
project is based on statements like: heavier competition, needs for 
shorter product development lead times and issues concerning automatic 
assembly. Another problem was brought up as well: Why is not DFA 
used more? A literature review was made in the project and to the 
question: ”What is missing?” Eskilander (2001) answers: 

"...there is a need for a method that uses qualitative 
evaluation in combination with design rules that are 
general for any automatic assembly process.". 

This statement led to the research question: 
"How can a method for use in early product 
development, that focuses design for automatic 
assembly and includes both product evaluation and cost 
estimation, be structured and what information should it 
contain?" 

The objective with the project, which resulted in a licentiate thesis and a 
doctoral thesis, was to develop a method – a Design Method for 
Automatic Assembly. Its origin was further development of a method 
developed earlier, ”The Flowchart Method”, which is described in Byron 
Carlsson et al. (1998). 

Project design 
The development of the tool was carried out together with 18 industrial 
partners. Eskilander was the main researcher and used the 
WoxénCentrum industry group as reference group and for verification 
activities. 
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The need from the industry was described in the pre-study and was 
presented as nine suggested requirements of a tool: 

• Support cross-functional teams 

• Transfer of knowledge 

• Cost analysis 

• Quality assurance 

• Geometric product evaluation 

• Design suggestions 

• Software 

• Prohibit unnecessary variants 

• User friendly 

The DFA2 tool was then developed in cooperation with the reference 
group of 18 companies. 

DFA2 tool development 
The tool was during the project developed regarding its functional 
design, the fundamental logic. The results were presented in several 
publications (Eskilander, 2000 and 2001b) and at conferences (e.g. CIRP 
2002). Shortly after his disputation another company recruited 
Eskilander. DFA2 was not quite finished due to the software 
requirement but a software embryo was developed though. Contacts with 
a software company (Delfoi) were established. 

DFA2 today 
What has become of DFA2 and how is it used? It is not a common tool 
in the industry today but the tool is used to some extent. Different trails 
have been developed. There are some users in the original project group 
and Eskilander has further developed the DFA2 method at his present 
job. When Eskilander left IVF the DFA2 product management was 
transferred to a consultant colleague (who is now working as a self 
employed consultant with product development) and together with the 
author the DFA2-method was assessed together with its users and further 
developed. This work is published as an IVF-report (Rapp and von 
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Axelson, 2003). There was also a newspaper article written (von 
Axelson and Rapp, 2003). The message in short was: DFA gives great 
potential to your products. The article did not lead to any contacts at all. 
Little effort in further marketing was made. Now DFA2 is used as a 
training tool in the Master of Science programme at KTH and Chalmers. 

Regarding the software development DELFOI was firstly meant to be 
the developing partner of a DFA2 software tool but discussions about 
immaterial rights delayed and obstructed the process. A first edition was 
available for customers anyway. The vendor, who was a true enthusiast, 
left DELFOI and they do not have the intention to develop it further 
because of lack of industry interest and/or marketing. Another software 
company, SOLME21, has developed a DFA2 module connected to their 
software platform. The DFA2 module is further developed due to user 
friendliness and functionality and will be released to the market around 
the turn of the year 2004/2005. They have pre-presented DFA2 but have 
only had a handful of contacts so far. 

Discussion 
One of the expressed research problems was that DFA is not used a lot. 
Even today DFA2 has few users. The goal was to create a DFA tool, not 
to improve companies’ processes with a tool as means. The decision to 
create this tool had its origin in the answer to the research question: 
”What is missing?”. In an interview Eskilander explains that one of the 
main reasons that DFA is not used was that the present methods like 
Boothroyd and Dewhurst's DFMA and the SONY DAC method were 
either poorly developed due to user support according to user criteria 
(Eskilander, 1999 pp.68) or too specific. To develop a new tool that 
responded to the user criteria would probably solve the problem. 

The tool was not finished as it was planned with a software application. 
When the DFA2 development project was finished the method was 
designed and tested with good results but it was not designed as 
software. Eskilander (2001) states: 

"If DFA2 is available as commercial software it is likely 
that even more companies will try the method and 
hopefully start applying it. The interest from companies 

                                                 
21 Internet: www.solme.se 
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for consultancy within DFAA has proven to be huge. [...] 
If product designers and system designer can use DFA2 
to eliminate misunderstandings, shorten development 
times and lower costs, then this thesis is very valuable. 
One goal as a researcher is to find something that may 
increase the competitiveness of industry." 

Another interviewee had a different view of software support and states 
that there is no need for software support in the product development 
process. A good thing with software is that it helps marketing and sales 
of the method. It gets a higher price and something that costs also gets a 
value. Free knowledge tends to be rejected. The relevance of a DFA 
method for automatic assembly is questioned because the fact that only 
the product is in focus in the assembly system product interface. The 
assembly system could also be improved. DFA for manual assembly is 
on the other hand focused on the product and a standard machine – i.e. 
humans. It is said that a DFA method that focuses automatic assembly 
also could be used for manual assembly but not the other way around 
which points out that DFA2 could be used for manual assembly as well. 
Several of the key persons in the transfer process left and begun working 
for other companies during the dissemination phase. The dissemination 
activities slowed down. Maybe the project group was too small with too 
few persons involved that it became fragile. The relevance and need for 
another DFA method could be questioned. There is no obvious demand 
for DFA-methods from Swedish industry today even though that result 
of using DFA methods shows that the companies can benefit from them. 
There could be a so-called learning paradox. You could not demand 
knowledge you do not know exist. Many companies know about DFA 
but maybe not its potentials. But there was an academic need. There 
were no qualitative DFA methods for automatic assembly. The 
companies that participated in the project were very interested in the 
new tool. Maybe there is only a lack of knowledge in the Swedish 
industry or was it a true lack of need? 
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Conclusions 
It seems that in order to be successful in production method creation and 
transfer, three parameters need to be fulfilled: 

• A true industrial need, i.e. there is a need for a clear problem 
description and a clearly expressed need from the industry. 

• It is important to view the problem or opportunity as both an 
industrial and an academic problem. 

• A well-designed method is favorable both in dissemination 
activities and during the development process. 

• A well-planned dissemination and transfer plan is needed to 
reach out to potential adopters. 

In the DFA2 case the product was well designed, but the need was 
questionable and the dissemination and transfer plan was fragile due to a 
too small critical mass. 
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3. Lean Production implementation in SMEs by 
using learning networks 

This article has been submitted to Journal of Small Business and 
Enterprise Development in February 2007 and has not yet been 
accepted. 
 
By: Jens von Axelson, Royal Institute of Technology, Stockholm 

Abstract 
The article describes how learning networks are used for Lean 
Production implementation in Swedish manufacturing SMEs. A study 
has been performed on two networks, which have been following a Lean 
Production implementation programme. A survey has been conducted 
through semi-structured interviews with managers and the programme 
coordinators as respondents. The results from the survey show that the 
network and its coordinator are important means to establish a 
foundation for experience sharing and to provide a pace in the 
programme. This indicates in turn that future programs must guarantee 
coordinator competence in networking, lean production and 
understanding of SMEs. 

Keywords: SME, Lean Production, learning networks, coordinator 

Introduction 
Sweden’s growth and welfare are directly dependent on the success of 
its industry. The manufacturing industry accounts for more than half of 
its exports. There are about 700,000 employees in this sector and an 
estimated 1.4 million are indirectly dependent on it, many in service 
enterprises (Made in Sweden, 2005). Globalization and outsourcing 
trends are squeezing companies and there are increasing demands for 
lower prices and higher delivery performance. Unfortunately, many 
Swedish manufacturing companies have poor operating performance. 
Despite the state of the market and better profit margins, little has been 
done to develop and enhance the performance of their production 
systems, as indicated by almost unchanged low stock turnovers. In SME 
companies with 20 to 100 employees, 20 per cent sustain financial losses 
and 50 per cent of the companies have less than 5 per cent profit margins 
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(Kläppe, 2006). There are many proven ways to improve performance 
through implementation of different methods, philosophies and tools like 
TPM, Six Sigma or Lean Production. Many SMEs seem to have 
difficulties adopting these methods. The research community has not 
been addressing this problem by to any great extent. 

Lean production is a way to improve performance 
Lean Production is advocated as a benchmark and a solution in the 
report Made in Sweden (2005). Lean Production originates from the 
Toyota Production System (e.g. Womack et al. 2003) and describes a 
systematic approach to finding and to eliminating all sorts of waste. 
Many companies have adopted Lean Production today with the 
automotive supply chain leading the adoption process. In recent years 
many different programmes to implement, and in a broader perspective, 
to disseminate Lean Production have been carried out. In Great Britain 
SMMT Industry Forum has been running a programme for 
disseminating and implementing Lean Production, in mainly the 
automotive industry, with great success. However, most of the 
knowledge about Lean Production is tied up in larger companies and 
consultant/research actors and has not been spread widely to SME 
companies. One explanation is that, compared to larger companies, 
SMEs often lacks of resources and competence to develop and improve 
their production systems. Another explanation is the learning paradox 
where the companies lack information on Lean and other improvement 
methods. One way to meet this has been to start networks together with 
other companies in order to learn and practice Lean principles and 
methods. 

Learning networks as means 
Anecdotal evidence shows that using a network as a means works as an 
enabler in Lean Production implementation. There is extensive literature 
on using, developing and evaluating networks of different types 
(Gustavsen and Hofmaier, 1997; Karlöf et al., 2000; Pontén et al., 2006; 
Nilsson and Nilsson, 1992; Ahlström-Söderling, 2003; Tell and Halila, 
2001; Szeto, 2000; McAdam and Kelly, 2002; Mitra, 2000). The main 
objective of networks is to seek increased value in cooperation with 
others. 
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In general, there are two types of networks: competitive and 
complementary (Szeto, 2000). The competitive type is formed to create a 
new product or service to a customer in a business context, whereas the 
complementary network is formed to meet other needs than primary 
business. In the literature these types of networks are called 
collaboratory, learning, supportive or benchlearning networks. 

According to Tell and Halila (2001), there are four different ways a 
learning network can contribute to development in SMEs: as inspiration 
and a sounding board, for reflection and effectiveness in acting as a large 
organization. Trust is a major issue: Szeto (2000) states that trust is very 
important for the network sustainability and is based on personal 
relationships. According to Florén and Tell (2004), trust contributes to 
learning in networks. This is expressed as three prerequisites for learning 
in network: 1) a need for reciprocity between group members; 2) a 
capacity among learning actors to take on new perspectives as presented 
by others, and to introduce new ways of thinking to others; 3) 
transparency in the dialogues in the group, which develops over time and 
enables other members to contribute. Bititci et al., (2004) stress that in 
collaborative networks it is important for the participants to see value 
enhancement, internal or external (wealth and/or satisfaction). This 
creates a need for some sort of performance measurement in the 
network. There is also a lack of advice in the literature on what effects 
could be expected from a network involvement. As Chaston and 
Mangles (2000) put it: ”There appears to be minimal guidance available 
on how small companies might exploit networks as a route for 
improving their capabilities to acquire and utilize knowledge to enhance 
future performance.” 

Description of a network programme for Lean 
implementation 
IVF22 has developed a programme designed for SME networks during 
the last few years. It has been incrementally improved. The programme’s 
objective is to introduce and transfer knowledge regarding basic Lean 
thinking and start up improvement activities within the participating 
companies. IVF participates in networks, initiated and established by 
                                                 
22 IVF Industriforskning och utveckling AB, IVF Industrial Research and Development 
Corporation 
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different regional actors such as IUC23, as knowledge provider and 
network coordinators. The programme is carried out over approximately 
18 to 24 months and has the following content: 

• Lean introduction workshop, where first the management and 
then all employees become acquainted with Lean thinking, 
methods and principles. 

• Value Steam Mapping (VSM) workshop, where a product or 
product family's material and information flow are mapped and 
analyzed in order to find waste and improvement potential. A 
future state is mapped and an action plan is drawn up. 

• Production layouts and Material and Production Control (MPC) 
workshop, where the participants become acquainted with 
different methods of controlling and planning their 
manufacturing. 

• Lean leadership workshop, where leadership and intra-
organizational questions are penetrated. 

• Continuous improvement workshop, where issues concerning 
where and how to start improvement work is presented and 
planned. 

The programme also contains different network activities such as: 

• Monthly programme control meetings with a permanent agenda 

• Network meetings, where the companies meet at the different 
plants for mutual sharing of the improvement work 

• Study visits to other external companies 

• Coaching meetings, where the network coaches assess the action 
plans and support the companies' management groups in decision 
making 

Research needs and questions 
In the literature little is described of the connection between true effects 
in the company and the network activities. There is also a gap in 

                                                 
23 IUC = Industriellt UtvecklingsCenter = Industrial Development Center (regional) 
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knowledge on which activities could enable trust building and the 
maturity of the network.  

The questions that this study will try to answer are: 

• How does the implementation programme fit the SME network 
context? 

• Does the programme produce any evidence of performance 
improvement? 

• What are the main motives for joining the network? 

• What does the perfect network look like? 

Method 
The overall study has been carried out in several steps. Between the 
steps, reflections and literature studies have been made. The different 
steps were an initial study, pilot interviews, a main survey and an 
analysis and synthesis. The initial study was carried out as a workshop 
(round table discussion) at an existing mature network meeting. The 
main objective was to test some initial questions and hypotheses 
regarding learning networks. Possible survey methods for a survey are, 
according to Westlander (2000), based on four principal models: 
Unstructured personal interviews, semi-structured personal interviews, 
structured interviews and printed questionnaire. In this case the quality 
of the answers is more important than the quantity. A totally 
unstructured personal interview would probably give too much unrelated 
information and a structured interview could have many biases due to its 
design. It emerged naturally that a semi-structured interview with 
specific themes would be the best in this case. A list of interview themes 
was developed and was first tested in the pilot study. This procedure is 
suggested by Bell (1993). The themes were: benefits with networking, 
the implementation programme and effects. After the pilot interviews, 
the three main topics remained the same but some sub-themes were 
added. The interviews were performed by telephone. The project leaders 
and coordinators were given more time to reflect since they answered for 
the whole network group and also the project realization. The responses 
were transcribed and arranged under the different themes and sub-
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themes. The material was mainly analyzed in order to find concordance 
in the different statements. 

Results 
The result is based on interviews in two different networks in the south 
of Sweden with the same programme and the same coordinator. The first 
network consists of six companies and the second of four. The company 
size varies from 25 to 100 employees. Both the pilot and the main study 
delivered mainly concordance in the results: SME networks area good 
means to start up Lean Production implementation, but to gain the 
benefits there are in general four issues that need to be addressed: 

• The role and competence of the network coordinator 

• The composition of the network 

• The access to expertise 

• The programme planning and flexibility 

Below the results are presented in more detail. 

Recorded effects in the participating companies during the 
programme 
All companies have results in the form of more effective production 
systems from standardized cleanup (5S) to drastic decrease of work-in-
progress and finished goods inventory. It has been difficult, however, to 
access real measurable results that could be derived from the 
programme. This is considered a problem both by coordinators and 
managers in the companies. In some cases where proper before-after 
measurements have been performed, measurable results have been 
accomplished. Some examples are: 

• Decrease of WIP (work in progress) by 90 % and FGI (finished 
goods inventory) by more than 50% through layout improvement 
and SMED24 activities. 

• Welding/assembly capacity increase by 50 % 

• 43 % set up time reduction through SMED 
                                                 
24 SMED = Single Minute Exchange of Die - a method to decrease the set up time. 
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Motives for networking 
The companies in this study have a high degree of similar motives for 
participating in the network. The most common ones are: 

• To access a network for mutual knowledge and experience 
sharing 

• To apply peer pressure in order to establish additional 
motivation 

• To join a clear and structured programme 

• To access external knowledge resources 

In some cases, the company had already started Lean implementation or 
other improvement activities in various forms but the work had stalled 
for different reasons. When this network opportunity emerged, the 
companies joined without much hesitation. 

The implementation programme 
Most of the studied companies have few available resources and the 
hardest issue was to motivate and involve the employees. This demands 
focused improvement work where the external support enables the 
improvements. The companies generally appreciated the programme. 
However, some workshops tended to be too theoretical. Other findings 
were: 

• The methods must be clear about purpose and benefits, and also 
be easy to grasp. Knowledge of implementation is important 
within the supporting team (coordinator, project leader, trainers). 

• The external coordinator that moderated the programme is 
considered very important for keeping up the pace in the 
improvement activities. 

• The VSM workshop was very well conducted and some of the 
companies have started to use the method by themselves. 

• A need was expressed for more external study visits to 
companies with a higher degree of Lean implementation since 
real examples from others are considered important. 
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• Since some of the companies had different preconditions, the 
pace in the programme was experienced as both too high and too 
low in some cases. 

The "perfect" network 
The composition of the participating companies in terms of size, type of 
business, and ability to cooperate makes a difference. The respondents 
were asked to describe what the perfect network would look like. The 
findings from the interviews give a picture of the perfect network: 

• It should consist of 5-7 companies with a maximum of 500 
employees 

• It is important that the companies share the same characteristics 
with regard to production volume and degree of automation 

• The network companies should be located relatively close to 
each other (maximum one hour's drive) 

• They should have well-organized network support and be 
situated close to knowledge providers (experts) 

• The participating companies must have an open attitude based on 
mutual trust and a willingness to share 

There were also some companies that wished to continue after the 
programme but today no post-network activities are planned. 

Conclusions and further research 
The network clearly acts as a support in the companies studied, but it 
takes time to establish a lean culture that also shows measurable effects. 
Measurement is important in motivating changes and improvement. It 
seems that qualitative measurements are sufficient in early stages but 
some companies expressed a need for better coupling between activities 
and measures. This matter needs to be addressed more deeply in further 
research. 

Since the coordinator seems to have such an important role where 
competence, commitment, SME understanding and knowledge of 
networking are major components, in future drives, his/her competence 
must be guaranteed as well as that of the trainers and external experts. It 
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would most certainly be a useful task to develop a network coordinator 
seminar/workshop and a coordinator network. Since the composition of 
the network is also an important factor to consider, it is recommended to 
include this issue when planning future programmes. 

Trust between individuals is essential for networking and is stressed by 
several researchers (e.g. Szetso, 2000). The programme plan has 
established this through different network activities. The programme 
control meeting has been working as a pacemaker with regular 
assessments of the companies’ current status. This has been the main 
activity, and one that has contributed most to building trust within the 
network. It also had the function of leveling the competence and 
knowledge of Lean Production. 

The programme has been appreciated, but many difficulties could be 
avoided if the management better understood the change process in the 
company. This leads to the conclusion that the leadership and continuous 
improvement workshops could be performed earlier in the programme. 

Some of the training activities were judged to be too theoretical. This, 
combined with the desire to have more real examples, leads to the 
question: how should the methods be presented and designed so that 
they could be adopted more easily? Lessons learned from the 
programme suggest that the methods should be presented in a do-like-
this manner and answer the question: What shall I do tomorrow and how 
should this be done? 
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1. Revealing the nature of production methods 

Introduction 
How does production methods characteristic differ? If you use Toyota as 
an example, The Toyota Way, Just-in-time (JIT) and single-minute-
exchange-of-die (SMED), are all components in the Toyota Production 
System (TPS) where these components have different focuses and 
extension. The width implies different degrees of complexity and scope, 
which in turn can affect the method transfer process.  

This study has mainly been conducted by reviewing literature to give a 
brief historic review from the perspective of major movements during the 
2000th century. The aim has been to find and develop a model for 
categorizing different levels of production methods. The movements that 
have been studied are: 

• Scientific management (Taylor, 1900-20s) 

• Human relations (Mayo, 1930 -40s) 

• Sociotechnical systems (Thorserud, 1950-60s) 

• Quality movement (Deming, 1960s) 

• Human factors (Sheridan, 1990s) 

Scientific management 
The Scientific Management era started around 1900 and was a reaction 
of the ”soldiering” in the industrial society. Soldiering was a sort of 
unspoken agreement between industrial workers not to work more than 
agreed. This was a threat to the society the main advocate Frederick 
Winslow Taylor thought. His main message could shortly be described 
in two postulates (Sandkull and Johansson, 1996): 

• There is a best way to do a job 

• The best-suited man on the right place 

The principles of Scientific Management were designed by industrial 
researchers and were communicated through different publications. The 
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origin of the principles was collected from different industrial case 
studies (Taylor, 1911). In short, the steps in the method are:  

1. Develop ”a science” for each element of a man’s work. In this 
step tools as Design-of-Experiment and mathematical analysis 
are used. 

2. Scientifically select, train, teach and develop the worker. 

3. Ensure that the work is being performed in accordance to the 
principles. 

4. Divide the work and responsibility between the worker and 
management, i.e. management to managers and work to workers. 

The core values were: 

• Improvement should be rewarded, win-win solutions are sought 

• The benefit of the workers’ health is in focus 

• Continuous improvement in efficiency enhances the welfare and 
provides the market with cheaper products 

All improvement should be based on scientific findings. The essence of 
Scientific Management could be described as a set of rules formed as a 
method that was followed by a number of core values. 

Human relations 
Elton Mayo and his colleagues started through the Hawthorne 
experiments (1924-1933) the Human Relations movement. The 
fundamental idea in this movement was that an industrial worker was a 
social animal whose productivity was a consequence of their attitude 
towards work and informal relationships.  
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Four general conclusions were drawn from the Hawthorne studies 
(Gillespie, 1991): 

• The skills of individuals are imperfect predictors of job 
performance. Although they gave some indication of the physical 
and mental potential of the individual, the amount produced was 
strongly influenced by social factors.  

• Informal organization affects productivity. The Hawthorne 
researchers discovered a group life among the workers. The 
studies also showed that the relations that supervisors develop 
with workers tend to influence the manner in which the workers 
carry out directives. 

• Work-group norms affect productivity. The Hawthorne 
researchers were not the first to recognize that work groups tend 
to arrive at norms of what is ”a fair day's work”, however; they 
provided the best systematic description and interpretation of this 
phenomenon.  

• The workplace is a social system. The Hawthorne researchers 
came to the conclusion that the workplace as a social system 
made up of interdependent parts. 

From these conclusions an ideology was formed. An institute was 
founded in order to provide a source from which different methods and 
tools could be developed, such as:  

• Supervisory training programme 

• Publications 

• Hands-on-advices 

• Interviewing techniques 

Sociotechnical systems 
Sociotechnical system interventions are organization development 
techniques that typically involve the restructuring of work methods, 
rearrangements of technology, or the redesign of organizational social 
structures. The objective is to optimize the relationship between the 
social and the human of the organization and the technology used by the 
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organization to produce output (Pasmore and Sherwood, 1978). This 
movement was developed as a reaction to the Human Relations school 
that only focused the social aspects (Thorsrud and Emery, 1969). The 
knowledge was built with the origin in coal-mining studies. Those led to 
three major concepts (Klein, 1994): 

1. The technical and social systems are interdependent and affect 
each other. 

2. There is a choice in the way one organizes around any given 
technology. This choice will be influenced explicitly or 
implicitly, by values. 

3. The work system is an open system. 

Klein have also added a fourth concept: 

4. There is a choice in the way in which technology itself is 
designed. 

Walton has described the Sociotechnical systems as a set of core values 
and suggestion of solutions (Pasmore and Sherwood, 1978). The core 
values are: 

• Autonomy work groups 

• Integrated support functions 

• Challenging job assignments 

• Job mobility and rewards for learning 

• Facility leadership 

• Managerial decision information for operators 

• Self-government for the plant community 

• Congruent physical and social context 

• Learning and evaluation 

These values are used when designing and/or evaluating a sociotechnical 
system, hence a checklist but also as guiding principles. 
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Quality movement 
After World War II the Americans supported the Japanese to rebuild 
their industry. American quality methods was brought to and evolved in 
Japan for the next decades. The Japanese Wonder had its roots in this 
knowledge transfer. The Japanese industry had developed this 
knowledge into industrial methods that became competitive. The threat 
to American industry was clear to Edward Deming. He stated that 
something must be done to meet the threat (Deming, 1986): 

"Only transformation of the American style of 
management and of governmental relation with industry 
can halt the decline and give American industry a chance 
to lead the world again." 

Deming formulated 14 points that are a collection of to-do’s and more or 
less a sequence of events to transform the state of the company. The 
receivers - the managers in Americans industry companies – were the 
target group for this action plan. The method in this case could be 
characterized as aid to self-support with guidance from three action 
steps: 

1. Learn how to change 

2. Understand the use of the 14 points 

3. Cure yourself from diseases 

Hence, an implementation method in form of a checklist with coupled 
tools. 

Human factors 
Human factors, also known as human engineering or human factors 
engineering, are the application of behavioral and biological sciences to 
the design of machines and human-machine systems. Despite the interest 
of this subject throughout history the Human factors as a discipline 
begun during the World War II – the new weapon systems needed 
explicit engineering of the interface between human and machine. 
Psychologists, physiologists and medical doctors were brought to work 
with engineers and produce explicit system designs and to make 
laboratory experiments to develop guidelines for future systems. The 
knowledge that was built often ended up as guidelines in handbooks. 
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There were not many theories built in a quantitative way but a lot in a 
qualitative way. Quantitative theories that exist represent mathematical 
models that generalize properties of e.g. ears and eyes (Sheridan, 2002). 
Most of the knowledge regarding Human Factors has been designed as 
philosophies or methods and in some cases as to-do lists. Often it has 
been up to interpreters to develop methods and tools that correspond 
with the main thought. 

Analysis of current production methods 
Three levels of methods could be identified: 

• Philosophy or ideology that provide the persons involved guiding 
principles in general 

• Methods or processes, which tell the user how to perform 
activities 

• Tools or guidelines, which tell the user both what to do and how 
to do a task 

Is this a usable description of production methods? There are many 
philosophies, methods and tools that have been developed in order to 
improve the competitiveness. Grünberg (2003) has reviewed different 
production methods or improvement techniques. Using the above 
classification to describe some of the improvement techniques the 
following description appears: 

• TPM – Total Productivity Maintenance (e.g. Nord et al., 1997) is 
a collection of methods and tools but needs a philosophy to give 
the context and guiding principles in order to work. 

• JIT – Just-in-time (e.g. Yamashina, Gröndahl and Arnström, 
1982) is a collection of methods and tools within the Toyota 
production system (TPS) but as TPM it needs guiding principles 
to fully work. At Toyota this philosophy level is represented by 
The Toyota Way (e.g. Liker 2004) that is a collection of guiding 
principles. 
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• Lean Production (e.g. Ohno, 1988) is the western world name of 
systems similar to TPS and contains both philosophy in form of 
The Toyota Way, methods such as SMED and tools such as 
Andon. 

• TQM – Total Quality Management (e.g. Bergman and Klefsjö, 
1994) has also three levels. As a guiding principle the customer 
is in focus. Methods like different improvement methods and 
tools, such as the seven quality tools (7QC), that accompany the 
principles. 

• BPR – Business process reengineering and BPI – Business 
process improvement (e.g. Hammer and Champy, 1993) are 
mainly methods and tools in order to obtain better processes. 

• SCM – Supply chain management (e.g. Slack et al., 2003) is a 
collection of methods and tools but without a guiding principle. 

• TOC – Theory of constraints (Cox and Goldratt, 1984), has all 
three levels but could be viewed at as a method, e.g. when it is 
used in a Lean Production system. 

• Read a Plant – Fast, is a tool to measure the leanness of a 
production system (Goodson, 2002). 

• Simulation software is a tool and the simulation process is a 
method (e.g. Gullander, 2004). 

• Process mapping in various forms, such as the IDEF-series, is a 
tool. 

• 5S is a method with some tools, which is usually used in a lean 
production system (e.g. Nord et al., 1997). 

Conclusions 
The three-level description is a possible way to describe production 
methods. When developing production methods and tools it is important 
to understand the context and environment. In some cases the method 
could be used without knowing the context but there is a need to find out 
if the method is suitable in the company’s environment. As a method 
developer the context must be clear when formulating and representing a 
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method. Using the philosophy-method-tool classification is a way to 
connect any method to its environment and context. 
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2. Analysis of methods for SMEs: Towards a 
specification of requirements for the presentation 
of production methods for SMEs 

Introduction 
There are some extent of literature that addresses the use and 
implementation of production methods in SMEs. In the operations 
management field books can be found in various disciplines such as: 
TQM, Lean Production and different methods such as 5S. SMEs lack in 
general of knowledge, resources and management ability (e.g. 
Terziovski, 2003) and there are very few publications on how SME 
companies should be addressed when presenting and describing different 
methods. This is a pedagogical issue that is important when designing 
and presenting production methods for SMEs to use. The main questions 
during this work have been: What characteristics do a dedicated SME 
method has, and what general guidelines could be drawn from these? 

Method 
During the literature review a number of publications regarding method 
for SMEs was found: 

• TUTTAVA, an adjusted 5S method (Alvarez et al. 2002) 

• P-M-analysis, a systematic cause analysis (Nilsson and 
Wojtkowiak, 1996) 

• 5steps, a method for establishing continuous improvement 
regarding lead time (Eriksson and Järneteg, 1993) 

• Lean manufacturing for the small shop (Connor, 2001) 

• Implementing TQM in small & medium-sized organizations 
(Hodgettts, 1995) 

Quite a large number of publications that claims to be SME literature 
have been discarded due to the fact that it has not been able to 
distinguish from other production method literature. 
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A checklist was developed in order to characterize and compare different 
publications that contained: 

• Type and characteristics of the publication 

• Description of the content, message or method 

• Pedagogical issues, i.e. in what way the author is explaining the 
message or method 

• SME issues, i.e. in what way the author is addressing SME 
characteristics 

Tuttava 

Type and characteristics 
Tuttava is a leaflet, 41 pages, in a report format. The publication is a 
research report with the method description as an appendix. Tuttava was 
developed due to SME characteristics and was tested in several 
companies during the development. 

Description 
Tuttava is a method very similar to the 5S method described in various 
Lean Production literatures. The purpose with Tuttava is to establish a 
system for orderliness in a manufacturing shop. Tuttava is designed as 
an instruction manual with eight steps with guiding examples: 

1. Start the work with appointing a group and inform all the 
employees 

2. Good working procedures are developed 

3. Procedure analysis. Are the procedures applicable in the daily 
work? 

4. Make a checklist to be able to measure the orderliness 

5. Assess the orderliness in the working places 

6. Inform that orderliness should be improved and how to do 

7. Continue assessing and monitor the orderliness level 

8. Follow up the checklist every three months 
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There is also an even more compressed manual for micro25 companies – 
Mikro-Tuttava. 

Pedagogical issues 
Tuttava is designed to follow step-wise implementation. The report and 
description is in a: do-like-this way. It presents examples, suggestions 
and templates for the different steps. In the evaluation of the Tuttava 
development project it was concluded that the report it self is not enough 
to get the method implemented. Support (external) is also needed. 

P-M-analysis 

Type and characteristics 
The publication is in report format and in a handbook style. 

Description 
The P-M26 analysis manual describes some important information when 
to start using the method such as what is and why use P-M analysis? The 
publication describes guidelines for implementation with step-by-step 
description of eight analysis steps. Common mistakes in using P-M 
analysis and how to adapt the method to the own business situation are 
also described. 

Pedagogical issues 
The method is described in a do-like-this manner. The method is not in a 
more descriptive way exemplified. 

                                                 
25 Companies less than 10 persons 
26 'P' - Phenomena, 'M' - Mechanism 
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5steps: a method to implement lean production in SMEs 

Type and characteristics 
The publication is in a report form contains in approximately 50 pages. 

Description 
The guide was developed for implementation of Lean Production in 
SMEs (Eriksson and Järneteg, 1993). The developed model – 5steps – is 
based on Time Based Management (TBM) and focuses lead-time 
reduction and contains five steps: 

1. Definition, where the fundaments for the intervention is made. A 
first analysis is carried out where problem areas are pointed out. 
A project group with sub-groups for different tasks should be 
formed. 

2. Initiate, where as many as possible of the co-workers are 
involved in solving problems found during the first step. 

3. Maturation, where people are trained in systematic continuous 
improvement. 

4. Transformation, where the plans for change are executed. 

5. Stabilizing, where the instable part of the fourth step is becoming 
more and more stable and builds the fundament on which further 
improvement could be build. 

Pedagogical issues 
The report is describing the implementation steps and how the method is 
supposed to be used. Experiences from several case studies are presented 
with success factors and drawbacks. How the steps are supposed to be 
implemented is not presented which makes the method hard to grasp and 
follow in real practice without a facilitator. 
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Implementing TQM in SME organizations 

Type and characteristics 
The material is published as a 200 pages textbook. The reader is invited 
to follow a step-by-step programme for TQM implementation. The 
author's idea is to: 

• Provide a series of understandable ideas 

• Reinforce these ideas with practical illustrations and examples 

• To offer a series of steps and illustrations that can be 
implemented without spending a great deal of resources 

• Reinforce these ideas through the use of worksheets 

Description 
The author presents the ideas and suggestions using ten guidelines, P-R-
O-F-I-T-A-B-L-E: 

• Practical. The ideas must be applicable to the needs of the 
organization and not based solely on theory. 

• Results oriented. The ideas have to bring about some useful 
outcomes. 

• Original. The applications have to be designed so that they meet 
the unique needs of the enterprise. 

• Focused. The suggestions have to be directed toward a specific 
area so that their purpose is clear. 

• Implementable. It must be possible to carry out these ideas within 
the time and cost constraints of the organization. 

• Timely. It must be possible to apply these ideas, as they are 
needed; they cannot require inordinate amounts of time and 
effort. 

• Adaptable. The ideas must be able to be modified so that they fit 
the specific and ever-changing needs of the organization. 

• Broadly based. Everyone in the organization must be able to 
participate in at least some part of the TQM effort. 
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• Long term. The ideas must be sustainable through some system 
such as continuous improvement, thus ensuring that the 
organization does not loose its quality focus after a few years of 
success. 

• Efficient. The TQM concepts must result in working better, 
faster, and/or less expensively, depending on the needs of the 
customer. 

The ideas, suggestions and method description then are presented in 
different blocks with corresponding training and development exercises. 

Pedagogical issues 
All the templates and suggestions are written in textbook format that 
makes it hard for a reader or user to directly use the templates without 
rewriting it or a copy-paste exercise in a copy machine. Most of the 
examples are from larger companies. 

Lean manufacturing for the small shop 

Type and characteristics 
The publication is a 240 pages book with a CD-ROM loaded with tools, 
templates and training materials. 

Description 
The book describes a small company that grew in size and complexity 
and its way back to simplicity and how this was done. It also describes 
an implementation model and tool descriptions for a small shop. 
Coupled to the tools and description there is a toolbox (the CD-ROM) 
containing training presentations, calculation tools, checklists and 
templates that can be used. The book is written primarily for the person 
charged with implementing Lean in a small- to medium-sized 
organization who may not be able to afford expensive consultant fees. 

Pedagogical issues 
The book is meant to replace or be a substitution for a Lean Production 
consultant. The book presents in a descriptive way Lean thinking and 
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methods. Unfortunately the coupling to the CD-ROM toolbox is unclear 
which leaves some of the tools without explanation. 

Analysis 
You could see that many researchers and developers consider it 
important to design methods for SMEs that is easy to understand and to 
learn. However, the SME literature usually does not differ in any way 
from other publication, neither in scope nor in presentation. Of the 
publications that have been selected in this study there is an intention to 
reach out to SMEs. A conclusion to draw is that many actors do not 
seem to understand SME prerequisites. 

From the studied literature it could be concluded that it is important that 
the production methods are designed for easy adoption. The publications 
have different purposes and objectives though. Some of them, P-M 
analysis and 5 steps, are more as description reports of how these 
methods have been used in different companies and they does not seem 
to be written for a person who is supposed to use the method after just 
reading the publication. Lean manufacturing for small shops and 
Implementing TQM in SMEs could be characterized as management 
literature and provide the reader with background and purposes to the 
methods. But does they distinguish from other quality and lean 
literature? Yes, they give the small business manager an opportunity to 
identify him or herself with a smaller company through examples and 
the focus on simplicity in quite complex methods. The Tuttava method is 
definitely described as a manual to use for a small shop owner. The 
method is described in a short and structured way. Both the larger and 
the smaller versions are easy to follow and provide examples and useful 
checklist. 
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Conclusion 
Three factors are common: 

• They answer the questions: What is the method for? Why and 
where should it be used? 

• The methods are built for stepwise implementation. 

• The best method descriptions are exemplified in a do-like-this 
manner and provide examples, checklist and templates. In other 
words: the method should be easy to understand and use. 

It seems that the logic of the method is fundamental. The logic can be 
described through different models such as process or information 
models. The method sometimes needs support such as templates. Finally 
the method needs to be presented to the potential adopter. From the 
above a specification of requirement regarding publications and 
presentations of production methods for SMEs could be formulated. The 
presentation should: 

• Be short and in be in a do-like-this manner 

• Provide examples from SME situations 

• Provide easy-to-use templates or other supports and consider 
different starting points for the adopting SME, i.e. support 
stepwise implementation 
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